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Development of Mathematics Assessment Instruments for 
Learning with Polytomous Response in Vocational School 

 

Abstract:This study aims to produce an assessment for learning instruments with a 

polytomous response. This research is development research that refers to the general 

education development model of Plomp. The sample of this study was students of  Vocational 

School in East Lampung Regency, Indonesia with a total of 413 students. The research data 

were collected using multiple-choice tests with open reasons. The instrument consists of two 

package questions with each package consisting of 40 items. The item validity index was 

analyzed using the Gregory index formula and the gain parameters were analyzed using the 

Partial Credit Model 1-Parameter Logistic approach (1-PL) using the Winsteps program. The 

results of the study indicate that the instrument has been valid. This is based on the 

calculation that the Gregory index value is 1. In addition, the average reliability coefficient of 

0.89 is obtained, so it is stated reliable to measure the ability of students. The measurement 

results in terms of the ability of students to answer each item are stated in the range of logit -2 

to +2; if it is viewed from the percentage of student mastery in answering each item of the 

questions, the instrument is stated in the medium category. 

Keywords:assessment for learning instrument, open-reasoned multiple-choice, polytomous 

response 

 

Introduction 

Assessment is important to determine the extent to which the teaching and learning process is 

by the stated goals Wiliam (2011). One type of assessment that is important to carry out is 

assessment for learning, or often referred to as formative assessment. With the assessment of 

an educator, it is easy to assess the extent to which students' understanding and mastery of 

concepts and obtain information on the extent to which students can apply, and analyze the 

material taught by educators.Educators can evaluate learning outcomes by giving a test in the 

process of teaching and learning activities. A test is a tool or procedure which is used to know 

or measure something in an atmosphere, using rules that have been determined (Arikunto, 

2012). The purpose of conducting the test is to find out the learning achievement or 
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competency of students and can provide information about the cognitive ability or students' 

skills. 

 
Multiple choice test is one form of selected response test that is widely used for various 

purposes (Haladyna, 2004). This is inseparable from the superiority of effective multiple-

choice tests to measure various types of knowledge and complex learning outcomes, it is very 

appropriate for exams with many participants and the results must be announced immediately. 

But apparently, there are some weaknesses, such as students do not have the freedom to write, 

organize, and express their ideas that are expressed in their own words or sentences; it cannot 

be used to measure problem-solving skills; it is very sensitive to guessing; preparation of 

good tests requires a relatively long time compared to other forms of tests; and it is very 

difficult to determine alternative answers (distractors) that are truly homogeneous, logical, 

and functioning. 

 
Each form of multiple-choice questions and essays each have advantages and disadvantages, 

namely, the form of multiple-choice questions about goals and the complexity of time cannot 

describe the ability of students basically (Roediger III & Marsh, 2005). The form of essay 

questions can describe the true abilities of students, but the examiners seem subjective (Ellery, 

2008). Based on the advantages and disadvantages of the 2 forms of the question, in the study 

will be developed assessment instruments for learning in the form of reasoned multiple-choice 

to still accommodate the two forms of the question. 

 
The beginning of the use of reasoned multiple-choice tests began in the 80s which is aimed to 

identify student misconceptions. However, so far there has been no research that develops 

multiple-choice questions with reasons in the field of mathematics, and even if there is 

research outside of mathematics. The research is the development of multiple-choice 

questions with reasons in the field of chemistry (Krishnan & Howe, 1994), the field of 
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English  (Williams, 2006), and the field of economics (Buckles & Siegfried, 2006). Research 

in the field of mathematics is only limited to developing multiple-choice questions without 

reason (Torres, Lopes, Azevedo, & Babo, 2009). 

 
The reasoned multiple choice test consists of two types: open-reasoned multiple-choice test 

and closed-reasoned multiple-choice test (Hirsch & O'Donnell, 2001). An open-reasoned 

multiple-choice test is a test accompanied by reasons so students must write down the reasons 

for the answers chosen. The advantage of an open-ended multiple-choice test is students can 

freely express the reasons for their chosen answers. The disadvantage is it takes time for 

understanding students' broad answers. While the closed-multiple choice test is a multiple-

choice test accompanied by a choice of reasons. This test is also called a two-tier multiple-

choice test. The first level is a multiple choice question with an answer choice while the 

second level is a multiple choice with a choice of reasons for the answer at the first level.  

Chandrasegaran, Treagust, and Mocerino (2007) said that the student's reasons in closed-

choice multiple-choice forms have been provided so that students only choose answers from 

the available options. The correct answer is if students correctly choose the option at the first 

and second levels. The weakness of this instrument is students are not free to express the 

reason for choosing an answer. The advantage of this instrument is it simplifies the 

assessment process. In addition, students have the opportunity to guess answers smaller than 

one level multiple choice. 

 
Student responses consist of two parts, namely dichotomous and polytomous (Whitehead, 

Huang, Blomquist, & Ready, 1998). In the dichotomous item the response to answers there is 

only two possibilities, like true or false, yes or no, with a value of zero or one. The item 

whose response is more than one possibility is called the polytomous item. Polytomous item 

response models can be categorized as nominal and ordinal item response models, depending 



 
 

4 
 

Attachments: MS_EUJER_ID_21112502244011_R2613.docx      Wed, Feb 2, 2022 at 10:22 PM 
 

on the characteristic assumptions about the data. The nominal item response model can be 

applied to items that have an ordered herd alternative and the various levels of capability 

measured. The ordinal response model occurs in items that can be scaled into the number of 

certain categories arranged in the answer. 

 
According to Hambleton, Swaminathan, and Rogers (1991) there are three assumptions in the 

item response theory, they are; 

1. Unidimensional means that there is only one ability measured by a set of items in the test, 

2. Local Independence means that when the ability to influence performance remains 

constant, the response of the examinee to each pair of items is statistically independent of 

each other, 

3. The invariance of capability parameters is the basis of IRTand the main difference from 

classical test theory. 

 
There are important things that need to be considered in the item response theory, it is the 

selection of the right model. The right model will reveal the true state of the test data as a 

measurement result. There are 3 models of relationships between abilities and grain 

parameters, they are (Hambleton & Jones, 1993); 

1. Model parameter-1(Rasch model), determined by the item difficulty index (bi). 

2. Model parameter-2, determined by the item difficulty level index (bi) and grain difference 

power index (ai). 

3. Model parameter-3, determined by the item difficulty level index (bi), grain difference 

power index (ai), and false guesses (ci). 

 
Based on various scoring models and parameter models, the formula that will be used for 

analyzing this research is the Partial Credit Model/PCM (Masters, 2011). The PCM model is 

suitable for analyzing test items that require several steps of completion, this includes 
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mathematical questions that require the identification phase of the problem to the final 

solution.PCM is an extension of the Rasch model, assuming that each item has the same 

difference power. If i is a polytomy item with a scoring category of 0, 1, 2, ..., mi, then the 

probability of individual n scores x in item i is described in the category response 

function(CRF) andrealized in equation 2(Ostini & Nering, 2006). 

 
Five characteristics need to be considered in the modern response theory, they are; 

1. The level of difficulty (trait) 

According to DeMars (2010), the level of difficulty of the item identifies an ability where 

around 50% of the examinees (or fewer, depending on the model) are expected to answer 

the item correctly. In theory, the bi value is located between - ~ and + ~. Hambleton, 

Swaminathan, and Rogers (1985)stated that an item is said to be good if this value ranges 

between -2 and +2. Supporting this statement, Retnawati (2014) revealed that if the bi 

value approaches -2, then the index of grain difficulties is very low. Whereas, if the bi 

value is close to +2, the item difficulty index is very high for a group of test-takers.The 

criteria for items that are good are not too easy and not too difficult. With varying levels of 

difficulty, it can measure the ability of the test takers as a whole. So that the greater the 

index of the difficulty of the item, the more difficult the item questions to do, on the 

contrary, the smaller the index of the difficulty of the item, the easier the item will be. 

2. Difference (slope) 

The index usually shows how steep the possibility of correct response changes such as 

ability or changes in trait. According to DeMars (2010) that higher differentiating power 

means that the item can distinguish (discriminate) between examinees with various levels 

of constructs. On the characteristic curve, ai is (slope) of the curve at the point bi for a 

certain scale of ability, because it is a slope, the greater the slope, the greater the 

distinguishing power of the item. In theory, Retnawati (2014) stated that the value of ai 
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value lies between - ~ and + ~. The more items that reach different power criteria (a¬i), the 

test items are better distinguishing test takers' abilities. 

3. Match Points with Logistics Models (statistical goodness of fit) 

According to Retnawati (2014), the suitability of the model can be known by comparing 

chi-square (2) tables with certain degrees of freedom. The item is said to fit a model if the 

calculated chi-square value does not exceed the chi-square value of the table. 

Compatibility can also be known from the probability value (significance, sig). If the value 

is sig <, then the item is said not to match the model. The suitability of the model can also 

be seen by looking at the proportion of items that match the logistical model. The 

proportion of the most suitable items between the 1PL, 2PL, and 3PL models is expressed 

as a suitable model for the test item test. Another way to do this is to plot the characteristic 

curve. The plot can be illustrated with the help of the Winsteps program, with a plot to find 

out how precise the data distribution is compared to the model. 

4. Value of Information Function 

The information item function is a model for explaining the size of an item on the test 

device, selection of test items, and comparison of several test devices (Retnawati, 2014). 

The information function states the strength or contribution of test items in revealing the 

latent abilities measured by the test. Thus, through the item information function, it can be 

known which items match with the model so that it can assist in the selection of test items. 

The test information function is needed to interpret the test results. A good test tool will 

have an information function value that is greater than the measurement error. If the 

measurement error is higher than the information, it can be estimated that the test plan is 

not suitable for the ability of the participant given the test. 

5. Standard Error of Measurement (SEM) 
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Standard error 𝜃, SE (𝜃) is the asymptotic standard deviation of the normal distribution of 

the maximum likelihood estimation for the ability given to the actual value of ability . In 

item response theory, standard assessment errors of SEM (Standard Error of Measurement) 

are closely related to information functions. According to Hambleton et al. (1991) that the 

information function with SEM has an inversely proportional relationship, the greater the 

information function, the smaller the SEM or vice versa. 

 
This study aims to produce an assessment for learning instruments with a polytomous 

response. The research questions posed are (1) how is the process of developing an 

assessment for learning an instrument with a polytomous response in mathematics subjects at 

the Vocational High School level?, and (2) does the developed instrument have the 

parameters of an assessment for learning an instrument with a quality polytomous response?. 

 

Methodology 

Research Design 

This research is development research that refers to the general education development model 

of Plomp (2013). The development model proposed by Plomp consists of five stages, they are 

preliminary investigation, design, realization/construction, test, evaluation and revision, and 

implementation. 

 

 

 

 

 

Figure 1. The Development Model of Research 

 

Sample and Data Collection 

Preliminary investigation Design Realization/construction 

Test, evaluation, and revision Implementation 
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The sample of this study was students of  Vocational School (VS) in East Lampung Regency, 

Indonesia. In this case, it will be represented by 3 schools, namely: VS of Mitra Bhakti, Praja 

Utama, and Ma'arif with a total of 413 students. 

Table 1. Sample of Research 

School Class Responden 

VS of Mitra Bhakti 
X AK 13 
X PM1 23 
X PM2 29 

VS of Praja Utama 

X TKR1 40 
X TKR2 39 
X AK1 43 
X AK2 38 
X PM1 41 
X PM2 40 
X AP 40 

VS of Ma’arif  
X TKJ 31 
X AK 36 

Total  413 
 

The research data were collected using multiple-choice tests with open reasons. The 

instrument consists of two package questions with each package consisting of 40 items. 

 
 

 

Analyzing of Data 

Data analysis techniques used in this study are content validity, construct validity, reliability, 

level of difficulty of items, and analysis of the characteristics of test items in the form of 

general assumption tests, assumptions of local independence assumptions, item compatibility, 

and information and measurement errors. The technique for content validity is asking the 

expert, in this case as a validator to check the accuracy and give an assessment of the 

suitability of the item with the indicators, the question writing editor, and the suitability of the 

choice choices (deception) in multiple choices. The assessment can be seen in Table 2. 

Table 2. Criteria for Grading Items by Experts 
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Score Description 
1 It is not relevant 
2 It is relevant enough 
3 It is relevant 
4 It is very relevant 

 

After being assessed by an expert, the researcher calculates the results of the assessment using 

an index of validity, including the index proposed by Gregory (Retnawati, 2016a). With a 

range of V numbers that may be obtained from 0 to 1. The higher the V number (close to 1 or 

equal to 1), the higher the value of the validity of an item, and the lower the V number (close 

to 0 or equal to 0)then the value of the validity of an itemis also getting lower. How to 

calculate the Gregory Index is as follows: 

Table 3. Calculating Gregory Index 

  Rater 1 
  Low High 

Rater 2 Low A B 
High C D 

 
 

With content validity coefficient: 𝑉 =
𝐷

𝐴+𝐵+𝐶+𝐷
= 1 

        Description: 
V: The validity  
A: Validators 1 and 2 who rate low 
B: Validator 1 who rate high, but validator 2 who rate low 
C: Validator 1 who rate low, but validator 2 who rate high 
D: Validators 1 and 2 who rate high 

 

In addition, to prove construct validity, exploratory factor analysis was used. Exploratory 

factor analysis can be seen from the value of KMO (Kaiser Meyer Olkin). KMO value is 

obtained through IBM SPSS 20. 20. KMO value Morethan 0.5 indicates the variables and 

samples used to allow further analysis (Retnawati, 2016b).Meanwhile, instrument reliability 

was estimated using internal consistency techniques with the Cronbach-alphaformula which 

was assisted by IBM SPSS 20. Cronbach's Alpha value 0.6 and less than 1 indicated that the 

instrument met reliable criteria, whereas if Cronbach's Alpha value was less than 0. 5 shows 
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the instrument is not reliable. Furthermore, the difficulty level of the item (D) in the form of 

reasoned multiple choices can be calculated using a formula (Nitko, 1996) is:   

 

𝐷 =  
𝑆

𝑇
 

 
       Description: 

D: The difficulty level of the item 
S: The number of students who answered correctly 
T: Number ofstudents taking the test 

After doing the calculation, the items can be categorized into items that are very easy, 

moderate, difficult, and very difficult to refer to Baker (2001). Here is a table of difficulty 

levels: 

Table 4. Categories of Difficulty Levels 

Very Easy Easy Moderat Difficult Very Difficult 
– 2.0 – 0.5 0 +0.5 2.0 

 

Furthermore, the data analysis begins by describing the feasibility of the characteristics of the 

vocational multiple-choice objective test using theory response items with the help of the 

Winstep Program. Winstep program is used because it has several advantages (Subali & 

Suyata, 2011), they are (1) can analyze data in the form of dichotomous and polytomous, and 

(2) the availability of the results of modern theory analysis is based on the maximum 

likelihood model using a one-parameter logistic model. 

 
Analysis using IRT can be done by testing the dimensional assumptions through analysis of 

fit or explanatory factor analysis. Test items are carried out in dimensions if the item 

measures one ability. If the unidimensional assumptions have been fulfilled, then 

automatically the local independence assumptions have also been fulfilled. Indications that 

the items are unidimensional are data fit with the model. To find out whether the model used 

is by the item, it can be used mean-Square (IMS) and Mean-Square Outfit (CSO) statistics. 
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IMS and CSO statistics are the degree of conformity between observation data and predictive 

values by the model. Test items are said to be fit models if they have IMS and CSO values 

ranging from 0.5 to 1.5 (Hanafi, Ab Rahman, Mukhtar, Ahmad, & Warman, 2014). 

 

Findings / Results 

Content validity 

The study of the instruments carried out by 2 experts in mathematics learning produced valid 

proof of the instrument contents. The results of the study show that the instruments made by 

researchers are in good category and can be used but there are still some things that need to be 

corrected. The researcher repairs/revise as much as possible, the suggestion is written by the 

validator on the instrument sheet. The results of the assessment are analyzed using the 

Gregory index formula to find out about each item's problems. 

Table 5. Results of Item Assessment by the Expert 

 
Rater 1 

Rater 
2 

0 0 
0 40 

 

Based on the results of the assessment presented in Table 5, it can be concluded that the 

instrument is valid because the value of V reaches a value of 1. Because each item about the 

instrument meets the valid criteria, the instrument is ready to be tested. The researcher did not 

test all the instruments that had been made. The question instrument which was tested was 40 

items. In addition, the instrument was piloted in schools that have used curriculum 13. 

Construct validity 

After completing the trial research on the problem in the field, the researchers then conducted 

a scoring activity. This is done to prove the construct validity using exploratory factor 

analysis. The results of the exploratory factor analysis can be seen in Table 6. 

Table 6. Results of Exploratory Factor Analysis 
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Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.760 

Bartlett's Test of Sphericity Approx. Chi-Square 1936.378 

Df 780 

Sig. 0.000 

 
Based on Table 6, it can be seen that the KMO value can be explained more than 0.5. 

Therefore, it can be concluded that the variables and samples used allow further analysis. 

Instrument reliability 

The estimation of the instruments developed that is showed satisfactory results. Based on the 

results of the instrument reliability estimation in Table 7, information is obtained that the 

Cronbach's alpha coefficient in the test package tested is 0.89, which means the package is 

reliable. So that the question package can be used for further research. 

Table 7.  Instrument Reliability 

Cronbach's Alpha N of Items 
0.892 40 

 

 

 

Test of unidimensional assumptions 

The unidimensional assumption test is the first assumption that must be fulfilled in using item 

response theory analysis. The unidimensional test was seen based on the cumulative 

percentage of eigenvalues and scree plots from the analysis using the SPSS program. The 

results of the analysis can be seen in Figure 2.Based on the scree plot, it is known that the 

value of the eigenvalue is directly sloping on the second factor, this shows that there is only 1 

dominant factor. These results prove that this test device meets the dimensional assumptions. 
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Figure 2. Scree Unidimensional Plot 

 

Test local independence assumptions 

Testing the assumption of local independence is done through analysis with the Winsteps 

program. After obtaining personal measures from the Winsteps program, the next analysis is 

done with the Microsoft Excel program and the results can be seen in Table 8. 

Table 8. Covariance Matrix 

  K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 

K1 0.0486                   

K2 0.012 0.0042                 

K3 0.0105 0.0034 0.0032               

K4 0.0317 0.0106 0.0093 0.0293             

K5 0.01 0.0032 0.0029 0.0085 0.0028           

K6 0.0069 0.0023 0.0021 0.0062 0.002 0.0016         

K7 0.0036 0.0011 0.0009 0.0028 0.0009 0.0007 0.0004       

K8 0.0041 0.0015 0.0012 0.0037 0.0011 0.0008 0.0004 0.0006     

K9 0.0074 0.0024 0.0022 0.0065 0.002 0.0015 0.0007 0.0009 0.0017   

K10 0.021 0.0061 0.0054 0.0148 0.0051 0.0039 0.0017 0.0025 0.0043 0.0196 

 
 
Based on Table 8, it can be seen that the covariance value between the ability interval groups 

located in the diagonals is small and close to zero, this can be concluded that there is no 

correlation, so that the assumption of local independence assumption is fulfilled. 

 
Match item (Fit item) 



 
 

14 
 

Attachments: MS_EUJER_ID_21112502244011_R2613.docx      Wed, Feb 2, 2022 at 10:22 PM 
 

The item compatibility test assuming the Rasch Model approach is done by looking at the fit 

or not of the items on the model. This test is analyzed using the Winsteps program. Based on 

the results of the analysis, of the 40 items that have been made, all match the model or fit. The 

results of the analysis are shown in Table 9. 

Table 9. Match Item to Model 

Item Outfit 
MNSQ 

Pt-Measure 
Corr Description Item Outfit 

MNSQ 
Pt-Measure 

Corr Description 

1 1.16 0.74 Model fit 21 1.02 0.44 Model fit 
8 1.16 0.51 Model fit 14 1.01 0.42 Model fit 
6 1.16 0.44 Model fit 25 1.00 0.41 Model fit 
32 1.12 0.35 Model fit 2 0.98 0.75 Model fit 
18 1.12 0.35 Model fit 11 0.98 0.38 Model fit 
15 1.10 0.49 Model fit 20 0.97 0.47 Model fit 
16 1.08 0.44 Model fit 26 0.97 0.31 Model fit 
22 1.08 0.56 Model fit 9 0.97 0.43 Model fit 
31 1.07 0.23 Model fit 29 0.97 0.33 Model fit 
24 1.07 0.37 Model fit 37 0.96 0.40 Model fit 
13 1.07 0.44 Model fit 17 0.96 0.48 Model fit 
34 1,07 0.33 Model fit 3 0.94 0.67 Model fit 
30 1.05 0.30 Model fit 10 0.93 0.40 Model fit 
23 1.05 0.53 Model fit 12 0.90 0.39 Model fit 
19 1.05 0.26 Model fit 38 0.89 0.43 Model fit 
36 1.05 0.34 Model fit 28 0.88 0.40 Model fit 
35 1.04 0.40 Model fit 5 0.84 0.41 Model fit 
33 1,04 0.41 Model fit 4 0.82 0.46 Model fit 
7 1.03 0.45 Model fit 40 0.74 0.54 Model fit 
27 1.02 0.32 Model fit 39 0.66 0.59 Model fit 

 
 
 

 

 

Difficulty level (Item difficulty) 

Analysis of the level of difficulty of the items is done with the Winsteps program and the 

results obtained can be presented in table 10. It can be seen that the range was obtained from -

0.70 to 0.84. 

Table 10.Level of Difficulty of Item 

Item Total Score 
Degree of 
difficulty 

Category Item Total Score 
Degree of 
difficulty 

Category 

40 801 0.84 Middle 28 975 0.02 Middle 
39 925 0.72 Middle 32 974 0.02 Middle 
38 921 0.27 Middle 7 977 0.01 Middle 



 
 

15 
 

Attachments: MS_EUJER_ID_21112502244011_R2613.docx      Wed, Feb 2, 2022 at 10:22 PM 
 

Item Total Score 
Degree of 
difficulty 

Category Item Total Score 
Degree of 
difficulty 

Category 

27 936 0.2 Middle 29 981 – 0.01 Middle 
26 943 0.16 Middle 33 981 – 0.01 Middle 
30 949 0.14 Middle 11 986 – 0.03 Middle 
31 955 0.11 Middle 12 988 – 0.04 Middle 
35 955 0.11 Middle 16 994 – 0.07 Middle 
37 955 0.11 Middle 20 997 – 0.08 Middle 
13 957 0.1 Middle 6 998 – 0.09 Middle 
34 959 0.09 Middle 15 1000 – 0.09 Middle 
36 961 0.08 Middle 14 1003 – 0.11 Middle 
10 964 0.07 Middle 21 1010 – 0.14 Middle 
17 964 0.07 Middle 5 1021 – 0.19 Middle 
8 966 0.06 Middle 23 1037 – 0.26 Middle 
9 965 0.06 Middle 22 1050 – 0.32 Middle 
25 968 0.05 Middle 4 1064 – 0.38 Middle 
18 972 0.03 Middle 3 1066 – 0.39 Middle 
19 974 0.02 Middle 2 1079 – 0.45 Middle 
24 974 0.02 Middle 1 1134 – 0.70 Middle 

 

 
Information function and measurement errors 

The information function is inversely proportional to SEM (Standard Error Measurement). 

The following is a picture of the curve of the relationship between information functions and 

measurement errors. 

 

 

Figure 3. Graph of Information Functions and Measurement Errors 

 

With the item information function, it is known which items match the model, so that it helps 

in the selection of test items. The graph indicates that the greater the value of the information 

function, the smaller the error rate(SEM). Conclusion The characteristics of the test device are 

suitable for students with moderate abilities. 
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Discussion 

The results of this study indicate that the learning assessment instrument can be used in 

vocational school students. These results are very encouraging because since the beginning of 

the assessment of multiple-choice instruments that are reasoned in the field of mathematics 

have not existed (no research). One of the reasons that make this instrument suitable for use in 

the process of preparing the instrument under expert supervision. These expert suggestions 

have provided an assessment of the instrument of appropriateness and direction that is correct 

and by the circumstances of the research subject. Much has been done on the assessment of 

the instrument, both in terms of material and the rules of the language used. (Çanakkale & 

Çanakkale, 2013) said that To ensure the validity of the content, it is necessary to have a 

review from an expert. In addition, many students who were involved in the trial (413 people) 

exceeding the minimum limit of 200 people have given confidence that this instrument is 

suitable for use (Malhotra, Nunan, & Birks, 2017).  

 

Procedure for Development of Assessment for Learning Instruments 

The development of an assessment for learning an instrument with a polytomous response has 

gone through a series of development stages with the development model from Plomp to 

produce a product. Based on the results of the instrument content validation analysis 

conducted by the validator. It is known that the assessment for learning an instrument with a 

polytomous response that has been developed is valid with a Gregory index of 1. This means 

that the items on the test instrument can be used to measure the level of student mastery 

(Suhaini, Ahmad, & Bohari, 2021) 

Based on the results of the reliability analysis of the assessment for learning instrument using 

SBM SPPS, it is known that the instrument is classified as reliable with a value of 0.89 (high). 
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This means that the assessment for learning instrument that has been developed can be trusted 

and gives the same results if the test is carried out on different subjects, places, and 

conditions. Based on the results of the analysis of the assumptions or parameters of the item 

response theory. The analysis was performed using IBM SPSS software, Ms. Excell, and 

Winsteps obtained results indicating that the assessment for the learning instrument had met 

the requirements. 

The first assumption test that is fulfilled is unidimensional, which is seen in the cumulative 

percentage of the first eigenvalue more than 20% and is indicated by a scree plot that slopes 

directly on the second factor. The second condition in item response theory that is fulfilled is 

local independence. Based on the results of the analysis with the Winsteps program and 

continued with Ms. Excell, it can be seen that the covariance value between groups is close to 

zero. This means that there is no correlation, so it can be said that the local independence 

assumption test is fulfilled. 

Based on the results of the analysis of the suitability of the items using the Winsteps program, 

the Outfit MNSQ was 0.5 to 1.5 and the Pt-Measure Corr was positive. This means the item 

match meets the fit criteria with the Rasch model (1 Logistics Parameter). Based on the 

parameter analysis of the item difficulty level using the Winsteps program, it was found that 

the instrument was at a moderate level of difficulty. The level of difficulty can be seen from 

the parameters that are still in the range of -0.70 to 0.84. Thus all items meet the criteria for a 

good level of difficulty. Based on the results of the analysis of the information function and 

measurement error, the test instrument can be given to students with moderate abilities. These 

results can be seen from the graph of the results of data processing by Ms. Excel. In these 

results, it can be seen that the information value is shown at 22.36 and the measurement error 

is 0.211. 
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Results of Analysis of Assessment for Learning Instruments 

Assessment for learning is an assessment that occurs during the learning process that involves 

interactive teachers with students or students with other students to foster student motivation 

to enhance activities in learning. Then is made a joint decision between teachers and 

studentsto create an atmosphere of further learning and is carried out continuously to achieve 

student learning development in the dimensions of knowledge, attitudes, and skills. 

Assessment can be used as a standard reference for student success in achieving learning 

outcomes (Syaifuddin, 2020). The assessment can also be used as a consideration to make a 

decision in the learning process, to achieve better learning. 

Success in learning through assessment is intended for both teachers and students. Teachers 

are required to have adequate insight and abilities about learning, for example, planning, 

setting learning goals, and making the right decisions based on the information obtained in the 

assessment, so that students are motivated to improve and improve their learning. Then, the 

assessment for learning also provides insight about learning to students, that all students have 

the opportunity to achieve success in learning.  

Based on the results of field trials, in addition to knowing the quality of the test instruments 

developed, it can also be seen the ability of students to work on the questions given. 

Instrument analysis is based on two patterns of student answers that have the same tendency. 

A total of 6 students' answers were selected for further analysis by taking into account the 

students' abilities, namely two students of each different ability (high, medium, and low). This 

analysis is based on Bloom's Taxonomy of learning(Bloom, 1956), and the results of the 

analysis are as follows. 

 
Question 1: Pattern 1: Pattern 2: 
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Figure 4. Students' Answers to Question 1 

In question 1, the cognitive domain to be achieved is C2 (Understanding). Based on students' 

answers, that the two dominant patterns of student answers are (1) students have understood 

the general form of arithmetic sequences and know the first and different terms, and (2) 

students have not been able to formulate general forms in arithmetic sequences and perform 

algebraic operations on general forms of arithmetic sequences.  

 
Question2: Pattern 1 Pattern 2 

   

Figure 5. Students' Answers to Question 2 

In question 2, the cognitive domain to be achieved is C2 (understanding). Based on students' 

answers, that the two dominant patterns of student answers are (1) being able to understand 

and be able to determine the number of terms in a sequence by using the general formula for 

an arithmetic sequence or determining the number of arithmetic sequences without using a 

general formula (only writing down all the terms from the first term). to the last term), and (2) 

students who have been able to use general formulas for arithmetic sequences but have not 

been able to determine the number of arithmetic sequences due to errors in performing 

algebraic operations on general arithmetic sequences. 

 
Question 3: Pattern 1 Pattern 2 
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Figure 6. Students' Answers to Question 3 

 

In question 3, the cognitive domain to be achieved is C3 (applying). Based on students' 

answers, that the two dominant patterns of student answers are (1) students have understood 

and can determine the difference or difference in an arithmetic sequence of two non-adjacent 

terms using the general formula for arithmetic sequences, and (2) other students can 

determine the number of arithmetic sequences even if they do not use a general formula or by 

writing the terms from known terms and inserting several terms. 

 
Question  4: Pattern 1 Pattern 2 

   

Figure 7. Students' Answers to Question 4 

In question 4, the cognitive domains to be achieved are C3 (applying). Based on students' 

answers, that the two dominant patterns of student answers are (1) students have understood 

and can determine the nth term in an arithmetic sequence that is known to be two non-

adjacent terms using the general formula for arithmetic sequences, and (2) students cannot 

determine the number of arithmetic sequences because it does not use a general formula, but 

by writing the terms of the known terms and inserting several terms and continuing until the 

nth term. 
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Question 5: Answer Pattern 1 Answer Pattern 2 

 
 

 

Figure 8. Students' Answers to Question 5 

In question 5, the cognitive domain to be achieved is C1 (remembering). Based on students' 

answers, that the two dominant patterns of student answers are (1) students have understood 

and can determine the middle term in an arithmetic sequence, and (2) students can determine 

the middle term of an arithmetic sequence but do not use a general formula, but by writing the 

terms its terms from the known terms and inserts several terms and then determines them.  

In addition to knowing students' understanding and mastery, interviews were conducted to see 

student responses to the assessment for learning instrument. Based on the results of the 

interview, it was found that the students thought that the assessment for learning instruments 

could increase learning motivation to be even better, and post-learning assessment is very 

important because students can know their ability to understand what is conveyed by the 

teacher. 

Description of Student Ability 

The instrument produced from this research is in the form of a multiple-choice test 

accompanied by open reasons and has met the established criteria, both validity, reliability, 

and item parameters. This instrument can explore students' mathematical thinking processes 

more deeply. This instrument has combined multiple-choice and essay tests. Multiple-choice 

tests are easier to check students' answers but students' mathematical thinking processes 

cannot be explored in depth. While the essay test has the advantage of being able to explore 

the mathematical thinking process more deeply but it takes a long time to check the answers. 
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An assessment for learning instrument that has done item analysis, and the results of student 

analysis is one of the important sources of composite scores to be reported. In the final report, 

the test taker's ability score must be transformed into a score of 0 - 10 of 0 - 100, according to 

the needs of the school. This transformation can be done using a linear transformation by 

dividing the acquisition score by the ideal score and then the result is multiplied by 10 to 

obtain a value in the range 0 – 10 or multiplied by 100 to obtain a value of 0 – 100. In the 

range, 0 – 10, the value obtained by students who take the assessment for learning tests in 

mathematics the highest is 8.56 and the lowest is 4.31. In the range of 0 – 100, the score 

obtained by students who take the assessment for learning tests in mathematics is the highest 

85.625 and the lowest is 43.125. 

The results of the assessment of students' ability in mathematics are presented in the form of 

very low to very high predicates using scoring categories. The results of the analysis of the 

assessment for learning instrument test showed that most of the students had low and very 

low abilities, namely 62% (253 people). Meanwhile, students who have high and very high 

abilities are 38% (160 people). Other analysis results found that students who have high 

abilities tend to work according to the concepts that have been given by the teacher but do not 

follow the completion steps, students who have moderate abilities can solve problems 

according to the concepts that have been given by the teacher and the steps, and students who 

have the ability Some are unable to use the concepts given by the teacher and are not even 

able to give clear reasons. 

  
Another result of this research is that the mathematics teachers involved in this study stated 

that the teachers agreed to provide an assessment for learning with open-ended multiple-

choice questions. The reason is that this assessment can make it easier for teachers to find out 

the teacher's difficulties in exploring students' difficulties in certain materials. In this way, the 
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teacher can provide remedial or other assistance to students who have learning difficulties. 

This means that assessment for learning with Polytomous Response can be used as a way to 

determine which students need to get remedial or not. Generally, previous research mentions 

how to determine students who need remedial only using one test, namely multiple-choice 

tests (Gierl, Bulut, Guo, & Zhang, 2017) or essays (Putri, Kartono, & Supriyadi, 2020) 

 

Conclusion 

Based on the results of the analysis that the researcher has done, it can be concluded that all 

the assessments for learning items with the response polytomous that have been developed are 

compatible with the Partial Credit Model (PCM). The overall assessment for learning items 

with response polytomous that have been developed have difficulty levels in the medium 

category. The assessment for learning an instrument with response polytomous that has been 

developed based on the results of construct validity consists of 40 items. The assessment for 

learning an instrument with response polytomous has been developed as an index of content 

validity of 1 or very high category. The assessment for learning an instrument with the 

response polytomous that has been developed has a reliability coefficient of 0.89 or a very 

high category. 

 

Recommendations 

Based on the results of the study, there are several recommendations for vocational teachers, schools, 

and other researchers. For teachers, before using this instrument, the teacher should familiarize 

students with giving questions with polytomous responses. For schools, they should encourage other 

teachers to take advantage of this test and recommend standardizing the tests given to students. For 

other researchers, this research can be used as a reference in developing test instruments for other 

materials. 
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Limitations 

The research conducted has several limitations, namely the selection of schools used as 

samples is not by the expectations of researchers so that schools with high, medium, and low 

quality are not yet representative. This is due to the very long distance from one school to 

another. The learning process in the classroom is not fully controlled by the researcher so that 

the students who are the research sample are less conditioned. In addition, this research is 

limited to the scope of material for sequences and series, matrices, and equations, and 

quadratic functions for vocational schools. 

References 

 
Arikunto, S. (2012). Dasar-Dasar Evaluasi Pendidikan Edisi 2[Educational Evaluation Fundamentals 

Edition 2]. Jakarta: Bumi Aksara. Translation not italic, in sentence case 
 
Baker, F. B. (2001). The Basics of Item Response Theory: ERIC, https://eric.ed.gov/?id= ED 45 8219.  
 
Bloom, B. (1956). Taxonomy of Education Objectives: Handbook 1, Cognitive Domain. New York: 

David McKay. 
 
Buckles, S., &Siegfried, J. J. (2006). Using Multiple-Choice Questions to Evaluatein-Depth 

Learning of Economics. The Journal of Economic Education, 37(1), 48-57. 
https://doi.org/10.3200/JECE.37.1.48-57 

Çanakkale, G., &Çanakkale, G.(2013). Developing a Science Process Skills Test Regarding The 6th 
Graders. The International Journal of Assessment and Evaluation, 19, 39-57.https:// 
doi.org/0.18848/2327-7920/CGP/v19i02/48322Incorrect authors. Please check the original 
paper and add correct authors 

 
Chandrasegaran, A., Treagust, D. F., &Mocerino, M. 2007. The Development of a Two-Tier Multiple-

Choice Diagnostic Instrument for Evaluating Secondary School Students’ Ability to Describe 

and Explain Chemical Reactions Using Multiple Levels of Representation. Chemistry 
Education Research and Practice, 8(3), 293-307. https://doi.org/10.1039/B7RP90006F 1) 
space after "&" 2) Year in parentheses 

 
Demars, C. 2010. Item Response Theory. Oxford: University Press.1) DeMars 2) Year in parentheses 

3) Add DOI link 
 
Ellery, K. 2008. Assessment for Learning: A Case Study Using Feedback Effectively in an 

Essay‐Style Test. Assessment &Evaluation in Higher Education, 33(4), 421-429. 
https://doi.org/10.1080/02602930701562981Year in parentheses 

 
Gierl, M. J., Bulut, O., Guo, Q., & Zhang, X. (2017). Developing, Analysing, and Using Distractors 

for Multiple-Choice Tests in Education: A Comprehensive Review. Review of Educational 
Research, 87(6), 1082-1116.https://doi.org/10.3102/0034654317726529 

https://doi.org/10.3200/JECE.37.1.48-57


 
 

25 
 

Attachments: MS_EUJER_ID_21112502244011_R2613.docx      Wed, Feb 2, 2022 at 10:22 PM 
 

 
Haladyna, T. M. 2004. Developing and Validating Multiple-Choice Test Items: Routledge.1) Year in 

parentheses  2) Add DOI link 
 
Hambleton,&Jones, R. W. (1993). Comparison Of Classical Test Theory and Item Response Theory 

and Their Applications to Test Development. Educational Measurement: Issues and Practice, 
12(3), 38-47. https://doi.org/10.1111/j.1745-3992.1993.tb00543.x1) Missing initial of the 
author 2) space after "&" 

 
Hambleton, Swaminathan, H., &Rogers, H. (1985). Principles and Applications of Item Response 

Theory.Boston, MA: Lower-Nihon Publishing Company.1) Missing initial of the author 2) 
Please double-check the authors and publisher and make sure they are correct. 

 
Hambleton, Swaminathan, H., &Rogers, H. J. (1991). Fundamentals of Item Response Theory(Vol. 2). 

London: Sage Publications.Missing initial of the author 
 
Hanafi, N. M., Ab Rahman, A., Mukhtar, M. I., Ahmad, J., &Warman, S. (2014). Validity and 

Reliability of Competency Assessment Implementation (CAI) Instrument Using Rasch Model. 
International Journal of Psychological And Behavioral Sciences, 8(1), 162-167. 
https://doi.org/10.5281/zenodo.13365621) "And" should be in lowercase 2) space after "&" 

 
Hirsch, L. S., &O'Donnell, A. M. (2001). Representativeness in Statistical Reasoning: Identifying and 

Assessing Misconceptions. Journal of Statistics Education, 9(2). 
https://doi.org/10.1080/10691898.2001.11910655space after "&" 

 
Krishnan, S. R., &Howe, A. C. (1994). The Mole Concept: Developing an Instrument to Assess 

Conceptual Understanding. Journal Of Chemical Education, 71(8), 653. 
https://doi.org/10.1021/ed071p6531) space after "&" 2) "Of" should be in lowecase 

 
Malhotra, N., Nunan, D., &Birks, D. (2017). Marketing Research: An Applied Approach: 

Pearson.http://www.pearsoned.co.uk/bookshop/detail.asp?item=100000000589380 
 
Masters, G. N. (2011). The Partial Credit Model Handbook of Polytomous Item Response Theory 

Models (Pp. 119-132). New York: Routledge. 
 
Nitko, A. J. (1996). Educational Assessment of Students: ERIC. https://eric. ed. gov/?id=ED435654 
Ostini, R., &Nering, M. L. (2006). Polytomous Item Response Theory Models. London: Sage 

Publications.Add DOI link 
 
Plomp, T. (2013).Educational Design Research: An Introduction.Netherlands: Netherlands Institute 

for Curriculum Development (SLO). 
 
Putri, B., Kartono, & Supriyadi. (2020). Analysis of Essay Test Instruments Using Higher Thinking 

Skill (HOTS) at High School Mathematics Students Using The Rasch Model. Journal of 
Educational Research and Evaluation, 9(2), 58-69.https://doi.org/10.15294/jere.v9i2.46133.  

 
Retnawati, H. (2014). Teori Respons Butir dan Penerapannya: Untuk Peneliti, Praktisi Pengukuran 

dan Pengujian, Mahasiswa Pascasarjana [Item Response Theory and Its Application: For 
Researchers, Measurement and Testing Practitioners, Graduate Students]. Yogyakarta: Nuha 
Medika. 

 
Retnawati, H. (2016a). Proving Content Validity of Self-Regulated Learning Scale (The Comparison 

of Aiken Index And Expanded Gregory Index). Reid (Research And Evaluation in Education), 
2(2), 155-164. https://doi.org/10.21831/reid.v2i2.11029 

https://psycnet.apa.org/doi/10.1111/j.1745-3992.1993.tb00543.x
https://doi.org/10.15294/jere.v9i2.46133
https://doi.org/10.21831/reid.v2i2.11029


 
 

26 
 

Attachments: MS_EUJER_ID_21112502244011_R2613.docx      Wed, Feb 2, 2022 at 10:22 PM 
 

 
Retnawati, H. (2016b). Validitas,Reliabilitas dan Karakteristik Butir[Item Validity, Reliability and 

Characteristics]. Parama Publishing. 
 
Roediger III, H. L., &Marsh, E. J. (2005). The Positive and Negative Consequences Of Multiple-

Choice Testing. Journal of Experimental Psychology: Learning, Memory, and Cognition, 
31(5), 1155. https://doi.org/10.1037/0278-7393.31.5.1155space after "&" 

 
Subali, B., &Suyata, P. (2011). Panduan Analisis Data Pengukuran Pendidikan untuk Memperoleh 

Bukti Empirik Kesahihan Menggunakan Program Quest [Education Measurement Data 
Analysis Guide to Obtaining Empirical Evidence of Validity Using the Quest 
Program].Yogyakarta: Lembaga Penelitian dan Pengabdian Pada Masyarakat UNY.  

 
Suhaini, M., Ahmad, A., & Bohari, M. (2021). Assessments on Vocational Knowledge and Skills: A 

Content Validity. European Journal of Educational Research, 10(3), 1529-
1540.https://doi.org/10.12973 /eu-jer.10.3.1529 

 
Syaifuddin, M. (2020). Implementation of Authentic Assessment on Mathematics Teaching: Study on 

Junior High School Teachers. European Journal of Educational Research, 9(4),1491-1502. 
https://doi.org/10.12973/eu-jer.9.4.1491 

 
Torres, C. M. D. P., Lopes, A. P., Azevedo, J. M. M. L., &Babo, M. D. L. (2009). Developing 

Multiple-Choice Questions in Mathematics. https://www.semanticscholar.org/ 
 
Whitehead, J. C., Huang, J.-C., Blomquist, G. C., &Ready, R. C. (1998). Construct Validity of 

Dichotomous and Polychotomous Choice Contingent Valuation Questions. Environmental 
and Resource Economics, 11(1), 107-116. https://doi.org/10.1023/A:1008231430184 

 
Wiliam, D. (2011). What is Assessment for Learning?.Studies in Educational Evaluation, 37(1), 3-14. 

https://doi.org/10.1016/j.stueduc.2011.03.001 
 
Williams, J. B. (2006). Assertion‐Reason Multiple‐Choice Testing as A Tool For Deep Learning: A 

Qualitative Analysis. Assessment &Evaluation in Higher Education, 31(3), 287-301. 
https://doi.org/10.1080/02602930500352857 

 

 

 

https://psycnet.apa.org/doi/10.1037/0278-7393.31.5.1155
https://doi.org/10.1023/A:1008231430184
https://doi.org/10.1016/j.stueduc.2011.03.001
https://doi.org/10.1080/02602930500352857


7/20/22, 1:21 PM unila.ac.id Mail - Corrections request for the manuscript ID# 21112502244011

https://mail.google.com/mail/u/1/?ik=9840cd2c91&view=pt&search=all&permthid=thread-f%3A1723665607254962124&simpl=msg-f%3A1723665… 3/4

SUGENG SUTIARSO <sugeng.sutiarso@fkip.unila.ac.id> Tue, Feb 15, 2022 at 11:48 PM
To: Editor - European Journal of Educational Research <editor@eu-jer.com>

Dear Ahmet Savas, Ph.D.
Editor, European Journal of Educational Research

Until now I am still doing the revision process, because of the many revision suggestions from reviewers. Therefore,
may I be allowed to extend the revision time (approximately one week)?
Your deadline: February 15, 2022.
Thank you for your kindness.

Sugeng Sutiarso
Lampung, Indonesia.
[Quoted text hidden]

Editor - European Journal of Educational Research <editor@eu-jer.com> Wed, Feb 16, 2022 at 12:27 AM
To: SUGENG SUTIARSO <sugeng.sutiarso@fkip.unila.ac.id>

Dear Dr. Sutiarso, 

Thank you for your kind reply. We have extended the deadline to February 22, 2022.

We are looking forward to getting your revised paper by February 22. 

Best regards, 

Ahmet Savas,  Ph.D. 
Editor, European Journal of Educational Research 
editor@eu-jer.com

[Quoted text hidden]

SUGENG SUTIARSO <sugeng.sutiarso@fkip.unila.ac.id> Tue, Feb 22, 2022 at 8:48 PM
To: Editor - European Journal of Educational Research <editor@eu-jer.com>

Dear Ahmet Savas, Ph.D.
Editor, European Journal of Educational Research.

I have revised the article according to the reviewer's suggestion. Here I attach (1) a revised article, (2) a correction
report, and (3) a proofreading certificate from my university's language center. 

Best regards,

Sugeng Sutiarso
Lampung University

3 attachments

CORRECTION REPORT_Article Sugeng Sutiarso et al.docx 
31K

Revision_Article Sugeng Sutiarso et al.docx 
1566K

Cert of Proofreading_Sugeng Sutiarso et al.pdf 
275K

Editor - European Journal of Educational Research <editor@eu-jer.com> Tue, Feb 22, 2022 at 10:16 PM
To: SUGENG SUTIARSO <sugeng.sutiarso@fkip.unila.ac.id>

Dear Dr. Sutiarso, 

We have received your revised paper and correction report. We have sent them to our reviewers again in order to

mailto:editor@eu-jer.com
https://mail.google.com/mail/u/1/?ui=2&ik=9840cd2c91&view=att&th=17f21b0e54e81f5c&attid=0.1&disp=attd&realattid=f_kzy6mlpz0&safe=1&zw
https://mail.google.com/mail/u/1/?ui=2&ik=9840cd2c91&view=att&th=17f21b0e54e81f5c&attid=0.2&disp=attd&realattid=f_kzy6n3hd1&safe=1&zw
https://mail.google.com/mail/u/1/?ui=2&ik=9840cd2c91&view=att&th=17f21b0e54e81f5c&attid=0.3&disp=attd&realattid=f_kzy6nrq52&safe=1&zw


Attachments:  CORRECTION REPORT_Article Sugeng Sutiarso et al.docx                                                                            Tue, Feb 22, 2022 at 8:48 PM 
 

CORRECTION REPORT  
No Reviewer Code Reviews Corrections made by the author 

1. R2612 Introduction: 
This study aims to develop an 
assessment test using polytomous 
item response theory. However, 
the introduction is overly long 
and confusing. There is much 
information about the item 
response theories. However, most 
of this information should be 
moved to the method. Instead, in 
the introduction, the authors 
should focus on the strengths and 
weaknesses of the existing 
instruments that developed to 
assess students’ learning in 

mathematics in the context of 
vocational/high school (?) 
students.  
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Introduction:  
Moving modern theoretical data analysis from introduction to research methods: 

2.2  Analysis of test data with modern theory 
a. The item difficulty level is the level of the student's latent trait towards the item. 

The difficulty of the items identifies the ability of about 50% of respondents 
who are expected to answer items correctly (DeMars, 2010). An item is said to 
be good if it has an index between -2 and +2 (Hambleton & Swaminathan, 
1985). If the index is close to -2, then the item is classified as very easy, and if 
the index is close to +2, the item is classified as very difficult (Retnawati, 
2014). In the Winsteps program, the item difficulty level is in the Measure 
column. 

b. Item discrimination is indicated by the slope of the curve on the item 
characteristics. The item is said to have good discrimination if the slope of the 
curve is moderate (not too gentle or steep), because if the slope of the curve is 
too gentle or steep, then the item is not good. Another opinion states that a 
good index is above 0.4 (Crocker & Algina, 1986). In the Winsteps program, 
the item discrimination is in the Pt-Measure Corr column. 

According to modern theory, before analyzing the level of difficulty and item 
discrimination, three assumptions must be tested, namely unidimensionality, local 
independence, and model fit (Hambleton, et al., 1991). Unidimensional means that 
each test item only measures one ability. There are three ways that are often used to 
test unidimensionality, namely the analysis of the Eigen values of the correlation 
matrix between items, the Stout-test on the unidimensional assumption test, and the 
index based on the residuals on the unidimensional solution (DeMars, 2010). In this 
study, the dimensional test uses the Eigen value analysis of the correlation matrix 
between items. 

 
Local independence is the state of the respondent's answer to an item that is not 
influenced by other items. Local independence test by proving that the probability of 
the respondent's answer pattern is the same as the probability of the respondent's 
answer on each item. If the unidimensional assumption has been met, the local 
independence assumption has also been met (DeMars, 2010). Model fit test to find 
out whether the model used is in accordance with the items. Test the fit of the model 
by measuring Outfit Mean Square (MNSQ) and Pt-Measure. If the Outfit MNSQ 
value is 0.5 to 1.5 and the Pt-Measure Corr is positive, it is said that the item fits the 
model (Linacre, 2012). In addition, the information function and Standard Error 
Measurement (SEM) are analyzed which aims to further explain the latent ability as 
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The current version of the 
introduction opens many questions. 
These are: What do we know about 
the existing instruments? What do 
we need to know about the existing 
instruments? Why is this study 
important for students and teachers, 
and scholars? These need to be 
answered in this section. 
 

measured by using a test that is expressed through item donations. (pp. 9-10) 
 
Focus on the strengths and weaknesses of the existing instruments: 

Each form has advantages or disadvantages to each other. The advantage of 
multiple-choice over essays is that multiple-choice can measure multiple cognitive 
levels, scoring more objectively, and saving time. Meanwhile, essay tests can only 
describe students' actual abilities, but scoring tends to be subjective. (p.2) 

 
What do we know about the existing instruments? 

The results of the preliminary research survey found that so far teachers have used  
multiple choice tests to determine students' abilities. During the test, students tend to 
guess on difficult items, sometimes students guess right and sometimes wrong. Of 
course, it is difficult to distinguish between students who answered correctly and 
guessed. Therefore, it is necessary to develop multiple choice tests that prevent 
students from guessing the answers.(p. 2) 
 

We need to know about the existing instruments? 
Related to the polytomous response test, a measurement innovation is needed that can 
guarantee a good test according to classical theory and modern theory. This research is 
development research that aims to produce a good instrument of assessment in 
mathematics using polytomous response according to classical and modern theories. 
(p.5) 
 

Why is this study important for students and teachers, and scholars? 
If the results of this research are obtained a proper test according to classical and 
modern theory, it can make it easier for teachers to develop appropriate tests on other 
materials, and students can find out their true abilities. Finally, for practitioners or 
other researchers, it can be a reference in further research. (p.5) 
 

2. R2612 Method: 
More information regarding 
participants should be given. For 
example, we need to have 
information about their grade, grade 
level, and gender.  
 
How many experts were enrolled to 
assess the validity? Please give 
details. In addition, what were the 

Method: 
The selected schools are three schools as representatives, namely the Mitra Bhakti vocational 
school, the Praja Utama vocational school, and the Ma'arif NU vocational school. The 
research subjects are 413 students at grade I (male students = 191, and female students = 
222), whose mathematical abilities on the National Exam (NE) were categorized as moderate 
(average 64.67 from the ideal score of 100).  (p. 6) 
 
The instrument is validated by two people who have expertise in mathematics and 
educational evaluation. The three aspects assessed by the expert are the suitability of the 
items with the indicators, language, and alternative answers to the questions.  (p. 7) In 
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experts’ feedbacks on the draft 

version of the instrument?  
 
 
 
 
It is not clear how the polytomous 
item response theory was 
implemented in the method and the 
results. More details are needed 

addition to providing assessments, the experts also provide some suggestions for 
improvements to the instrument, namely the preparation of questions using the ABCD 
format (Audience, Behavior, Competence, and Degree), avoiding the use of ambiguous 
language or statements, improving mathematical concepts, making alternative answer 
choices that are misleading, and arrange them in order. (p.12) 
 
Method: This research is a research and development that refers to Plomp’s model (Plomp, 
2013) with the research procedure consisting of five stages, namely preliminary 
investigation, design, realization or construction, test phase, revision, and implementation 
(test). The preliminary investigation stage is to identify the assessment instruments used by 
teachers so far. The design stage is to make a polytomous response test grid according to the 
basic competencies of mathematical concepts and to make an expert assessment 
questionnaire sheet. The realization or construction stage is developing the items on the 
polytomous response test, and also the expert validation process for the items on the 
developed polytomous response test. The revision stage is the improvement of items on the 
polytomous response test based on expert advice. The implementation (test) stage is to try 
out the polytomous response test to students and analyze the results of the test. (pp.5-6) 
 
Result (pp. 14 – 21) 
1.2 Analysis of Test Data with Modern Theory 
Unidimensional Assumption Test 
The unidimensional assumption test is the first assumption test with factor analysis. 
Factor...........................................................................................................................................
.......... 
...... In conclusion, the characteristics of the test kit are suitable for students with moderate 
abilities. 
 

3. R2612 Results: 
Figure 5 is not addressed in the text.  
 

Results: 
Figure 5 shows that the instrument provides a maximum of 22.36 information and has the 
smallest measurement error of 0.21 if it is given to students with moderate ability, which is 
0.2. The lower limit and upper limit of the interval is the ability score where the graph of the 
information function and the SEM graph intersect in that interval. The graph indicates that 
the greater the value of the information function, the smaller the measurement error (SEM). 
Item information function states the strength or contribution of test items in revealing the 
latent trait as measured by the test. With the item information function, it is known which 
items match the model, thus helping in the selection of test items (Retnawati, 2014). In 
conclusion, the characteristics of the test kit are suitable for students with moderate abilities. 
(p. 21) 
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  Discussion  
The authors did write the following 
sentence: “One of the reasons that 

make this instrument suitable for use 
in the process of preparing the 
instrument under expert supervision.” 
However, I do not agree with the 
comment of the authors as the expert 
view has been received for all 
developed instruments.  
 
 
The discussion is overly long and 
hard to read and follow the text. The 
authors did still repeat the results in 
this section. This repetition of the 
results makes the text hard to 
understand and misses the focus of 
the study. Therefore, I suggest that 
the authors should make a brief 
overview of the results. Later, they 
should discuss similarities between 
the existing instruments in the 
literature and the developed 
instrument in this study. After this, 
they should discuss the differences 
between previous studies and this 
study. While discussing the 
similarities and differences, the 
author should also discuss possible 
reasons for the results.  
 
 
 
 
 
 
 
 

Discussion  
The sentence "aaaa" has been removed, and replaced with a comparison between classical 
and modern theoretical analysis. 
 
 
 
 
 
 
 
 
 
The discussion has included  (1)  a brief overview of the results, (2) analysis of the 
similarities and differences between the previous instrument,  and  (3)  the developed 
instrument, as well as possible reasoning for the future. 
(1)  A  brief overview of the results 
This research is development research to produce an instrument using polytomous response. 
The instrument is a multiple-choice test with open reasons. This instrument is analyzed by 
classical and modern theory. There are differences in the results of the analysis between 
classical and modern theories, namely item discrimination. Classical theory analysis obtains 
38 items with bad criteria and only 2 items with good criteria. In contrast, modern theory 
analysis obtains 27 items with good criteria and 13 items with bad criteria. According to 
evaluation theory, modern theory aims to cover the weaknesses of classical theory. The 
results of classical theory analysis are often categorized as not good but the results of the 
modern analysis are categorized as good, and vice versa (Retnawati, 2014). It means, if you 
find items that are not in a good category with classical theory, do not be in a hurry to revise 
or replace them before the analysis of modern theory analysis. 
 
(2) Analysis of the similarities and differences between the previous instrument 
Research on assessment for learning with polytomous responses with multiple-choice 
questions (having open reasons) is still limited. When compared to previous research, there 
is only one study on assessment for learning with polytomous responses to open-ended 
multiple-choice questions (Yang, et al., 2017). However, Yang study has several 
fundamental differences, namely the research objectives and data analysis. The research aims 
to diagnose student errors in university on the concept of calculus, not to produce a good 
assessment instrument. The data analysis uses parametric statistics (covariance), not using 
item analysis (classical and modern). Since the objectives and data analysis are different, the 
results of the study cannot be compared with the results of this study. However, this research 
has provided a reference for researchers in making reasoned multiple-choice questions, such 
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The results of analyzing students' 
answers must be moved to the 
results. In the discussion, we need the 
results themselves. 
 

as the suitability of items with indicators, language, and alternative answers to questions. 
 
Other studies are similar to assessment for learning with polytomous responses on multiple-
choice questions with reasons (Sarea, 2018). The similarity of Sarea's research is safe, it lies 
in the research objectives and the analysis used (classical and modern). However, the 
difference is the researchers do not develop their questions and the questions are in the form 
of closed multiple-choice questions. The results of Sarea's research states that the 
comparison of the results of the classical and modern methods of item analysis is different. 
The difference is that the level of difficulty and item discrimination in the classical method is 
more categorized as good than the modern method. In other words, the modern way of 
stating the level of difficulty and item discrimination is categorized as good even though the 
analysis method states that the items are categorized as not good. Likewise with 
Saepuzaman's research, namely the product developed in the form of multiple-choice 
questions with closed reasons. Although the products are different, the results of the research 
can contribute to this research. The contribution of both is that there is a belief in the items 
that are declared not good by classical analysis, which turn out to be good with modern 
analysis. 
 
(3) The developed instrument, as well as possible reasoning for the future. 
The results of previous studies have provided support to the results of the research that the 
polytomous response instrument in the form of multiple-choice questions with open reasons 
can be used as an alternative assessment for learning, as well as other assessments 
(assessment as learning and assessment of learning) for all vocational schools in Lampung, 
Indonesia and even outside Indonesia. 

 
The results of the analysis of student answers have been moved to results.  
Based on the test results, in addition to knowing the quality of the developed test 
instruments, it can also be seen the ability of students to work on the questions given. 
Instrument analysis is based on two patterns of student answers that have the same tendency 
based on Bloom's Taxonomy (Bloom, 1956). A total of 6 student answers were selected as 
samples with different abilities (high, medium, and low). 
 
Item 1: the cognitive domain to be achieved is C2 (Understanding). Based on students' 
answers, the two dominant patterns of student answers are (1) students have understood the 
general form of arithmetic sequences and know the first term and other terms, and (2) 
students have not been able to formulate general forms in arithmetic sequences and perform 
algebraic operations on general forms. arithmetic sequence...... and so on (pp. 21-24) 
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4. R2612 Conclusion: 
What is the new knowledge from this 
research for researchers and the 
literature? Please explain this detail.  
 

Conclusion: 
It means if you find items that are not in a good category with classical theory, do not be in a 
hurry to revise or replace them before the analysis of modern theory analysis. The condition 
that must exist so that an instrument with a response polytomus can be used to determine 
students' abilities is the suitability of the results of the analysis between classical and modern 
theories. (p.27). 
 

5. R2612 Recommendations: 
Please make more specific 
suggestions for research in the future.  
 

Recommendations: 
In addition, for further research, conduct a study that develops an assessment instrument with 
a learning response polytomus (pretest). This is important, so that students' prior knowledge 
can be known so that learning can be effective. 

6. R2612 Language  
The use of the language is very 
problematic. The text needs 
proofreading by a native speaker.  
 

Language:  
The text has been proofreaded by the Language Center of the University of Lampung (the 
proof of certificate is attached in another file). 
 

7. R2613 Discussion section seems like more 
detailed findings section. Use 
previous studies to compare or 
contrast your results in Discussion 
section. 
 

Discussion: 
Research on assessment for learning with polytomous responses with multiple-choice 
questions (having open reasons) is still limited. When compared to previous research, there 
is only one study on assessment for learning with polytomous responses to open-ended 
multiple-choice questions (Yang, et al., 2017). However, Yang study has several 
fundamental differences, namely the research objectives and data analysis. The research aims 
to diagnose student errors in university on the concept of calculus, not to produce a good 
assessment instrument. The data analysis uses parametric statistics (covariance), not using 
item analysis (classical and modern). Since the objectives and data analysis are different, the 
results of the study cannot be compared with the results of this study. However, this research 
has provided a reference for researchers in making reasoned multiple-choice questions, such 
as the suitability of items with indicators, language, and alternative answers to questions. 
 
Other studies are similar to assessment for learning with polytomous responses on multiple-
choice questions with reasons (Sarea, 2018). The similarity of Sarea’s research is safe, it lies 

in the research objectives and the analysis used (classical and modern). However, the 
difference is the researchers do not develop their questions and the questions are in the form 
of closed multiple-choice questions. The results of Sarea’s research states that the 
comparison of the results of the classical and modern methods of item analysis is different. 
The difference is that the level of difficulty and item discrimination in the classical method is 
more categorized as good than the modern method. In other words, the modern way of 
stating the level of difficulty and item discrimination is categorized as good even though the 
analysis method states that the items are categorized as not good. Likewise with 
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Saepuzaman’s research, namely the product developed in the form of multiple-choice 
questions with closed reasons. Although the products are different, the results of the research 
can contribute to this research. The contribution of both is that there is a belief in the items 
that are declared not good by classical analysis, which turn out to be good with modern 
analysis. The results of previous studies have provided support to the results of the research 
that the polytomous response instrument in the form of multiple-choice questions with open 
reasons can be used as an alternative assessment for learning, as well as other assessments 
(assessment as learning and assessment of learning) for all vocational schools in Lampung, 
Indonesia and even outside Indonesia. (pp.26-27) 

8. R2613 Add recommendations for future 
research to Recommendations 
section. 
 

Recommendations: 
In addition, for further research, conduct a study that develops an assessment instrument with 
a learning response polytomus (pretest). This is important, so that students' prior knowledge 
can be known so that learning can be effective. 
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DEVELOPMENT OF ASSESSMENT FOR LEARNING 
INSTRUMENT USING POLYTOMOUS RESPONSE 
IN MATHEMATICS IN VOCATIONAL SCHOOLS 

 
 
 
Abstract: This research is development research that aims to produce a good instrument of 

assessment in mathematics using polytomous response according to classical and modern 

theories. Plomp's model as a research design has five stages: preliminary investigation, 

design, realization or construction, trial, revision, and implementation (testing). The study is 

conducted in three vocational schools in Lampung, Indonesia. The study involves 413 

students consisting of 191 male students and 222 female students. The data are collected 

through questionnaires and tests. Questionnaire is to identify instruments commonly used by 

teachers so far and to validate instruments by experts. The test uses multiple-choice tests with 

open reasons as many as 40 items. The data are analyzed in two ways, namely analysis with 

classical and modern theories. The results show that the instrument of assessment in 

mathematics with polytomous response has good categories according to classical and 

modern theory, although item discrimination according to classical theory needs to be 

revised, and the instrument of assessment in mathematics with the polytomous response 

(multiple-choice tests with open reason) can provide information on the actual competency of 

students. It is evidenced by the suitability of the results of the analysis of classical and 

modern theories. 

 
Key words: assessment for learning, classical and modern theory, multiple choice tests with     

  open reason, polytomous response, vocational school 
 

 
 

Introduction 

Assessment is an important activity and needs to be done by teachers in schools. The 

conventional paradigm often interprets the assessment as a way to find out the achievement 

of student learning outcomes as a whole, so that the assessment is positioned as a separate 

activity from the learning process (Syaifuddin, 2020). If referring to the current paradigm, 

assessment in schools is divided into three parts, namely assessment as learning, assessment 
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for learning, dan assessment of learning (Wulan, 2018). Assessment as learning has almost 

the same function as assessment for learning but assessment as learning involves students in 

assessment, such as assessing themselves or colleagues. Assessment of learning is an 

assessment carried out after all learning ends and aims to assess student achievement. 

Assessment for learning is an assessment carried out during the learning process and aims to 

improve learning. It can play a role in preventing students from experiencing further learning 

failure because of its position between the other two assessments (Earl, 2013) as shown in the 

following assessment pyramid (Figure 1). 

 

Figur 1. Assessement pyramid 
 

Assessment activities can be applied with tests. A test is a tool or procedure used to find out 

or measure students' abilities about something with certain rules (Arikunto, 2012). According 

to the type, the test consists of two types, namely multiple choice and essay. Each form has 

advantages or disadvantages to each other. The advantage of multiple-choice over essays is 

that multiple-choice can measure multiple cognitive levels, scoring more objectively, and 

saving time. Meanwhile, essay tests can only describe students' actual abilities, but scoring 

tends to be subjective (Rosidin, 2017). The results of the preliminary research survey found 

that so far teachers have used multiple choice tests to determine students' abilities. During the 

test, students tend to guess on difficult items, sometimes students guess right and sometimes 

wrong. Of course, it is difficult to distinguish between students who answered correctly and 
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guessed. Therefore, it is necessary to develop multiple choice tests that prevent students from 

guessing the answers. 

Specifically for choice tests, in the last four decades, evaluation experts have developed 

multiple-choice tests, namely multiple-choice tests with open and closed reasons (Suwarto, 

2012). Multiple choice test with open reasons is a multiple-choice test that has alternative 

answers and questions are asked for the choice of choice. Meanwhile, multiple-choice tests 

with closed reasons are multiple-choice tests that have alternative answers, and students are 

asked to choose the reasons provided. The advantage of the choice test, compared to the free 

choice is the answer from the answer chosen, compared to the multiple tests which are not 

free to give reasons. Generally, multiple-choice tests on assessment for learning do not 

provide reasons (open or ask closed). The multiple-choice test has only true or false answers. 

If the answer is correct, then it gets a score of 1. Otherwise, if the answer is wrong, it gets a 

score of 0, and this scoring is called dichotomous. The choice test provides a choice of 

opportunities for students to get a score even though the answer is wrong and this scoring is 

called polytomous (Kartono, 2008). 

The first time, the polytomous response test was in the 80s, and the test was known as the 

two-tier multiple-choice test (Treagust, 1988). The test is in the form of multiple-choice with 

closed reasons which aim to diagnose errors in the concepts of biology, physics, and 

chemistry. Multiple choice test with closed reasons has two levels, the first level is a 

multiple-choice test and the second level is a multiple-choice test with a choice of reasons 

from the first level questions (Chandrasegaran, et al., 2007). Furthermore, studies on the 

development of multiple-choice tests with closed reasons have been carried out by many 

researchers on several concepts, such as physics on light and optical instruments 

(Widiyatmoko & Shimizu, 2018), mathematics on calculus (Khiyarunnisa & Retnawati, 
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2018), chemistry on acids and base (Andaria & Hadiwinarto, 2020), biology on the 

respiratory system (Myanda, et al., 2020), mathematics on reasoning problems (Ambarwati, 

et al., 2020), biology on the human digestive system (Jamhari, 2021), mathematics on 

mathematical connections (Lestari, et al., 2021). Meanwhile, the development of multiple-

choice tests with open reasons is still limited, namely mathematics in calculus (Yang, et al., 

2017), and outside mathematics, namely physics in Higher Order Thinking Skills (Prasetya, 

et al., 2019).  

There are two approaches to analyzing test items, namely classical and modern theory. 

Classical theory has weaknesses. It cannot separate the characteristics of respondents and test 

items. It means that the test taker's ability is only determined by the test. The characteristics 

of the test items will change when the examinees change, and the characteristics of the 

examinees will change when the items change. Thus, classical theory is considered less able 

to provide information on the actual abilities of students because the results of the assessment 

are highly dependent on the respondents. Modern theory, with item response theory, is a 

solution to overcome the weakness of classical theory because item response theory has the 

concept of releasing the relationship between respondents and test items (Saepuzaman, et al., 

2021). It means a test that has a good category not only according to classical theory but must 

be supported by test analysis according to modern theory. 

Classical theory is a measurement theory for assessing tests based on the assumption of 

measurement errors between actual results and observations, or correlation measurement 

errors based on test-takers. From the assumption, a formula for calculating the level of 

difficulty and item discrimination was developed (Hambleton & Jones, 1993). The modern 

theory is a theory of measurement to assess by comparing the average performance against 

the appearance of evidence of group ability, or the ability of test-takers predicted from their 
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abilities; or better known as Item Response Theory/IRT (Hambleton & Linden, 1982). 

Classical test theory is used because it is easy to apply but has limitations in measuring the 

level of difficulty and differentiating items because the calculation of the two indicators is 

based directly on the total score of the test takers. While modern theory with item response 

theory frees the dependence between test items and respondents (parameter invariance 

concept), responses to one test item do not affect other test items (local independence 

concept), and test items only measure one dimension or unidimensional concept (Anisa, 

2013).  

Related to the polytomous response test, a measurement innovation is needed that can 

guarantee a good test according to classical theory and modern theory. This research is 

development research that aims to produce a good instrument of assessment in mathematics 

using polytomous response according to classical and modern theories. If the results of this 

research are obtained a proper test according to classical and modern theory, it can make it 

easier for teachers to develop appropriate tests on other materials, and students can find out 

their true abilities. Finally, for practitioners or other researchers, it can be a reference in 

further research. The formulation of the problem proposed is (1) does the instrument in the 

assessment in mathematics developed with the polytomous response have a good test 

category according to classical and modern theory measurements?, and (2) does the 

assessment for learning an instrument with the polytomous response provide information on 

the actual competence of students? 

 
Research Method 

Research Design 

This research is a research and development that refers to Plomp’s model (Plomp, 2013) with 

the research procedure consisting of five stages, namely preliminary investigation, design, 



Attachments: Revision_Article Sugeng Sutiarso et al.docx              Tue, Feb 22, 2022 at 8:48 PM 
 
 
 

6 
 

realization or construction, test phase, revision, and implementation (test). 

 

 

 
 
 
 
 

 
Figure 2. Stages of research design 

 

The preliminary investigation stage is to identify the assessment instruments used by teachers 

so far. The design stage is to make a polytomous response test grid according to the basic 

competencies of mathematical concepts and to make an expert assessment questionnaire 

sheet. The realization or construction stage is developing the items on the polytomous 

response test, and also the expert validation process for the items on the developed 

polytomous response test. The revision stage is the improvement of items on the polytomous 

response test based on expert advice. The implementation (test) stage is to try out the 

polytomous response test to students and analyze the results of the test. 

 
Research Subject 

The subjects of the study are students of a vocational school in the province of Lampung, 

Indonesia. The research sample is determined using a non-probability sampling technique in 

the form of accidental sampling. It means taking the subject based on a subject that is easy to 

find and ready to be a respondent (Malhotra, 2006). The selected schools are three schools as 

representatives, namely the Mitra Bhakti vocational school, the Praja Utama vocational 

school, and the Ma'arif NU vocational school. The research subjects are 413 students at grade 

I (male students = 191, and female students = 222), whose mathematical abilities on the 

Realization/construction Design Preliminary investigation 

Implementation (Test) Revision 
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National Exam (NE) were categorized as moderate (average 64.67 from the ideal score of 

100). The following are the characteristics of the research subjects in detail shown in Table 1. 

 
 
 
 

Table 1. Research subjects 

Vocational 
Schools Grade 

The Number of Students 
Average of NE 

Total Male  Female 

Mitra Bhakti 
I-A 13 5 8 64.24 
I-B 23 10 13 62.4 
I-C 29 9 20 65 

Praja Utama 

I-A 40 40 0 64 
I-B 39 39 0 64.62 
I-C 43 15 28 68.72 
I-D 38 15 23 67.9 
I-E 41 14 27 67.56 
I-F 40 17 23 63.38 
I-G 40 8 23 67.74 

SMK Ma’arif NU 
I-A 31 14 17 62.1 
I-B 36 5 51 58.34 

Total 413 191 222  64.67 
 
 
Data Collecting Technique 

Data are collected using a questionnaire and test. The questionnaire contains several 

questions to the teacher about the instrument for assessment used by the teacher and also 

expert validity of the instrument developed and to determine content validity (Suhaini, et al., 

2021). The instrument is validated by two people who have expertise in mathematics and 

educational evaluation. The three aspects assessed by the expert are the suitability of the 

items with the indicators, language, and alternative answers to the questions. The score in 

validating the instrument follows the criteria as in Table 2 below. 

Table 2. Content validity score 

Description Score 
Irrelevant 1 

Quite relevant 2 
Relevant 3 

Very relevant 4 
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After determining content validity, the instrument is tested on students. Then, it is continued 

by determining the validity of the construct and its reliability, with the aim that the instrument 

can be further analyzed. 

 
The instrument used is a multiple choice test with a polytomus response with open reasoning, 

which consisted of 40 questions on the concepts of sequences and series (arithmetic and 

geometry), quadratic equations and functions, and matrices. Each item contains five answer 

choices along with the reasons. Student answers score refers to the polytomus score in the 

Partial Credit Model, where answer choices and reasons are related (Retnawati, 2014), as 

shown in Table 3 below. 

Table 3. Student answers score 

Student Answers 
Score 

Answer Options Reason 
False False 1 
False Right 2 
Right False 3 
Right Right 4 

 
 
Data Analysis 

The research data obtained are analyzed in two stages, namely (1) questionnaire data analysis 

(qualitative analysis), and (2) test data analysis (empirical analysis). The following is an 

explanation of each data analysis. 

1. Questionnaire data analysis (qualitative analysis) 

The questionnaire data analyzed include two parts, namely identification data on the 

instruments used by the teacher and expert validation data. The identification data on the 

instrument are analyzed descriptively, and the expert validation data are analyzed for 

trends or expert agreement using the Gregory formula (Gregory, 2015), namely: 

 

         V = 
𝐷

𝐴+𝐵+𝐶+𝐷
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Description: 
   V = Content Validity 
   A = Rater 1 and 2 are weak 
   B = Rater 1 is strong, and rater 2 is weak 
   C = Rater 1 is weak, and rater 2 is strong 
   D = Rater 1 and 2 are strong 
 
 
 
The interpretation of Gregory's formula is that the number V is in the range 0 - 1. The 

higher the number V (close to 1 or equal to 1), the higher the value of the validity of an 

item. Conversely, the lower the number V (close to 0 or equal to 0), the lower the value of 

the validity of an item. 

2. Test data analysis (empirical analysis) 

After the content validity test, it is followed by construct validity and reliability tests. The 

construct validation test uses exploratory factor analysis. The instrument is considered to 

have a good construct if the explained Kaiser-Meyer-Olkin (KMO) value is more than 0.5 

(Retnawati, 2014). Reliability test using Cronbach's Alpha formula. The instrument is said 

to have good reliability if the coefficient value of Cronbach's Alpha is 0.60 (Arikunto, 

2012). If the instrument has good construct validation, further tests can be analyzed, 

namely the level of difficulty and item discrimination. The reason for analyzing the level 

of difficulty and item discrimination is because they are both preliminary analyzes of the 

assumptions of measurement theory  (Hambleton & Jones, 1993).  To simplify the process 

of analyzing the level of difficulty and item discrimination, the Iteman program is used for 

classical theory, and the Winsteps program for modern theory (Sarea & Ruslan, 2019). 

The Winsteps program is used because it has several advantages (Untary, et al., 2020), 

namely, it can analyze polytomous data and can analyze the maximum likelihood model 

using a 1-parameter logistic model. 

2.1  Analysis of test data with classical theory 
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a. The item difficulty level is the percentage of the number of students who answer 

the questions correctly or incorrectly. The difficulty of a good (medium) item is if 

the index is in the range of 0.3 to 0.7. If the index is below 0.3 then the item is 

difficult, and vice versa if the index is above 0.7 then the item is easy. 

b. Item discrimination is the item's ability to distinguish high-ability students from 

stupid, low-ability students. Good item discrimination if it has an index above 0.3; 

and if the item discrimination index is below 0.3 then the item needs to be revised  

(Arikunto, 2012). 

2.2  Analysis of test data with modern theory 

a. The item difficulty level is the level of the student's latent trait towards the item. 

The difficulty of the items identifies the ability of about 50% of respondents who 

are expected to answer items correctly (DeMars, 2010). An item is said to be good 

if it has an index between -2 and +2 (Hambleton & Swaminathan, 1985). If the 

index is close to -2, then the item is classified as very easy, and if the index is close 

to +2, the item is classified as very difficult (Retnawati, 2014). In the Winsteps 

program, the item difficulty level is in the Measure column. 

b. Item discrimination is indicated by the slope of the curve on the item 

characteristics. The item is said to have good discrimination if the slope of the 

curve is moderate (not too gentle or steep), because if the slope of the curve is too 

gentle or steep, then the item is not good. Another opinion states that a good index 

is above 0.4 (Crocker & Algina, 1986). In the Winsteps program, the item 

discrimination is in the Pt-Measure Corr column. 

According to modern theory, before analyzing the level of difficulty and item discrimination, 

three assumptions must be tested, namely unidimensionality, local independence, and model 

fit (Hambleton, et al., 1991). Unidimensional means that each test item only measures one 
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ability. There are three ways that are often used to test unidimensionality, namely the analysis 

of the Eigen values of the correlation matrix between items, the Stout-test on the 

unidimensional assumption test, and the index based on the residuals on the unidimensional 

solution (DeMars, 2010). In this study, the dimensional test uses the Eigen value analysis of 

the correlation matrix between items. 

Local independence is the state of the respondent's answer to an item that is not influenced by 

other items. Local independence test by proving that the probability of the respondent's 

answer pattern is the same as the probability of the respondent's answer on each item. If the 

unidimensional assumption has been met, the local independence assumption has also been 

met (DeMars, 2010). Model fit test to find out whether the model used is in accordance with 

the items. Test the fit of the model by measuring Outfit Mean Square (MNSQ) and Pt-

Measure. If the Outfit MNSQ value is 0.5 to 1.5 and the Pt-Measure Corr is positive, it is said 

that the item fits the model (Linacre, 2012). In addition, the information function and 

Standard Error Measurement (SEM) are analyzed which aims to further explain the latent 

ability as measured by using a test that is expressed through item donations. 

 
Findings/Results 

 
1.  Analysis of Questionnaire Data 

Based on the results of the questionnaire, it is found that so far the teacher has never used the 

polytomous response instrument with a multiple-choice test with open reasons. As many as 

80% of teachers use essay tests and 20% of teachers use multiple-choice, with each 

instrument consisting of 2-5 items. In addition, about 10% of teachers use this assessment as 

a learning improvement, such as improving lesson plans and teaching models/methods. The 

results of the questionnaire stated that 90% of teachers who do not use assessment as an 

improvement in learning are caused by several aspects, such as teachers are not 
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understanding assessment (20%), teachers are not knowing how to analyze assessments 

(50%), and teachers are not knowing how to develop good assessment questions (30%). The 

following is a summary of the questionnaire data from the identification of assessment for 

learning instruments. 

 

 
Figure 3. Description of teacher condition in assessment for learning 

 
 

Content Validity 

The results of the two expert assessments show that the content validation instrument is good. 

Furthermore, the analysis of expert judgment agreement with the Gregory Index formula is 

obtained as shown in Table 4 below. 

Table 4. Index Gregory items 
 

 Rater 1 
weak strong 

Rater 2 
weak 0 0 
strong 0 40 

Index Gregory 1 
 

 
Based on the results of the assessment in Table 4, it can be concluded that the instrument is 

valid because the value of V reaches a value of 1. Therefore, the instrument test can be 

continued. In addition to providing assessments, the experts also provide some suggestions 

for improvements to the instrument, namely the preparation of questions using the ABCD 

format (Audience, Behavior, Competence, and Degree), avoiding the use of ambiguous 

language or statements, improving mathematical concepts, making alternative answer choices 

80%

20%

Test type

essay

multiple
choice

10%

90%

Assessment

revised

not revised

20%

50%

30%

The cause 

not
understandin
g
not knowing

not
developing
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that are misleading, and arrange them in order. 

 
2.  Analysis of Test Data 

Construct Validity 

After testing the instrument, it is followed by a construct validity test. The results of the test 

with exploratory factor analysis are shown in Table 5. 

Table 5. Exploratory factor analysis 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
Bartlett's Test of Sphericity Approx. Chi-Square 1936.378 

Df 780 
Sig. .000 

 
Based on Table 5, the explained KMO value is 0.76 (more than 0.5), and it can be concluded 

that the variables and samples used to allow for further analysis. 

 
Reliability 

The results of the estimation of the reliability of the instrument obtained the Cronbach's 

Alpha coefficient value of 0.89 (more than 0.6). It means that the instrument has good 

reliability so that the analysis of the level of difficulty and item discrimination can be 

continued according to the classical and modern methods. 

Table 6. Item reliability 

Cronbach’s Alpha N of Items 
0.892 40 

 
 
2.1  Analysis of Test Data with Classical Theory 

Analysis of test data with classical theory does not require testing assumptions, but the 

analysis of the level of difficulty and item discrimination can be directly calculated. The 

results of the analysis of the level of difficulty and item discrimination are obtained as shown 

in Table 7 below. 

Table 7. Level of difficulty and item discrimination 
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Item Level of 
difficulty 

Category Discrimination Category Item Level of 
difficulty 

Category Discrimination Category 

1 0.538 good 0.196 Revised 21 0.482 good 0.143 revised 
2 0.487 good 0.179 Revised 22 0.535 good 0.429 good 
3 0.528 good 0.214 Revised 23 0.492 good 0.250 revised 
4 0.540 good 0.304 Good 24 0.438 good -0.071 revised 
5 0.489 good 0.089 Revised 25 0.436 good -0.107 revised 
6 0.446 good -0.161 Revised 26 0.385 good -0.286 revised 
7 0.438 good -0.232 Revised 27 0.383 good -0.321 revised 
8 0.453 good -0.143 Revised 28 0.416 good -0.143 revised 
9 0.414 good -0.143 Revised 29 0.458 good -0.125 revised 
10 0.409 good -0.339 Revised 30 0.385 good -0.375 revised 
11 0.438 good -0.143 Revised 31 0.404 good -0.321 revised 
12 0.436 good -0.036 Revised 32 0.433 good -0.250 revised 
13 0.400 good -0.321 Revised 33 0.441 good 0,036 revised 
14 0.450 good -0.036 Revised 34 0.424 good -0.268 revised 
15 0.462 good 0.250 Revised 35 0.412 good -0.321 revised 
16 0.453 good -0.089 Revised 36 0.431 good -0.304 revised 
17 0.416 good -0.143 Revised 37 0.404 good -0.232 revised 
18 0.419 good -0.196 Revised 38 0.363 good -0.482 revised 
19 0.431 good -0.232 Revised 39 0.230 good -0.929 revised 
20 0.441 good -0.089 Revised 40 0.211 good -1.071 revised 

 
 
Based on Table 7, it is found that all items have an item difficulty level in the index range of 

0.3 to 0.7, so they are included in the good category. Meanwhile, only two items on 

discrimination have good categories, and the remaining items need to be revised. The results 

indicate that all items are good based on the level of difficulty, but almost all items need to be 

revised for item discrimination. 

 
2.2 Analysis of Test Data with Modern Theory 

Unidimensional Assumption Test 

The unidimensional assumption test is the first assumption test with factor analysis. Factor 

analysis begins by testing the adequacy of the sample to be used in the analysis, constructing 

a variance-covariance matrix, then calculating the eigenvalues. The eigenvalue is then used to 

calculate the percentage of explained variance, as well as describe the scree plot (Retnawati, 

2014). The output of factor analysis is the Kaiser-Meyer-Olkin Measure of Sampling 

Adequacy (KMO) statistic and scree plot. 

Table 8. KMO test 

Kaiser-Meyer-Olkin Measure of Sampling 
Adequacy. 

.760 
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Bartlett's Test of 
Sphericity 

Approx. Chi-Square 
1936.37

8 
Df 780 
Sig. .000 

 
 
The unidimensional test is based on the cumulative percentage of eigenvalues and scree plots. 

If the cumulative percentage of eigenvalues in the first factor is more than 20%, then the 

unidimensional assumption is accepted (Retnawati, 2014). In Table 9, it can be seen that the 

cumulative percentage of the eigenvalues in the first factor is 20.220%. The cumulative 

percentage of the eigenvalues has exceeded 20%, so the instrument in the study is proven to 

only measure one factor or dimension. 

Table 9. Total variance explained 

Component 
Initial Eigenvalues 

Total Variance (%) Cumulative (%) 
1 8.088 20.220 20.220 
2 1.458 3.646 23.865 

 
 
In addition, the unidimensional test can also be seen on the scree plot which is based on the 

number of factors marked by the steepness of the graph with the acquisition of eigenvalues. 

 

Figure 4. Scree plot unidimensi 
 
 
Based on the scree plot, it is known that the eigenvalues immediately slope on the second 
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factor. It shows that there is only one dominant factor in the developed instrument. The 

results prove that the test kit meets the unidimensional assumption or in other words only 

measures one dominant factor. 

 
Local Independence Assumption Test 

The local independence assumption test will be accepted if the respondent's answer to one 

item does not affect the respondent's answer to another item. Thus, the score of one item 

should not be determined or dependent on the scores of other items. It confirms that the 

assumption is automatically proven after being proven by the unidimensionality of the 

respondent's data on a test (Retnawati, 2014). 

Table 10. Covariance matrix 

 K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 

K1 0.0486                

K2 0.012 0.0042               

K3 0.0105 0.0034 0.0032              

K4 0.0317 0.0106 0.0093 0.0293             

K5 0.01 0.0032 0.0029 0.0085 0.0028           

K6 0.0069 0.0023 0.0021 0.0062 0.002 0.0016         

K7 0.0036 0.0011 0.0009 0.0028 0.0009 0.0007 0.0004       

K8 0.0041 0.0015 0.0012 0.0037 0.0011 0.0008 0.0004 0.0006     

K9 0.0074 0.0024 0.0022 0.0065 0.002 0.0015 0.0007 0.0009 0.0017   
K10 0.021 0.0061 0.0054 0.0148 0.0051 0.0039 0.0017 0.0025 0.0043 0.0196 

 
Data in Table 10 shows the results of the variance-covariance values between groups of 

students' abilities. It can be seen that the covariance value between the ability interval groups 

located on the diagonal is small and close to zero. It can be concluded that there is no 

correlation, so it can be said that the local independence assumption test is accepted. 

 
Model Fit 

The model fit test is analyzed using the Winsteps program. The item requirements are called 

fit to the model if the Outfit MNSQ value is 0.5 to 1.5 and the Outfit ZSTD value is -2 to 2, 

and the Pt-Measure Corr is positive, then it can be said that the item fits the model 

(Sumintono & Widhiarso, 2015). An item is considered fit if one of the conditions is 
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accepted. In addition, it can also be seen from the MNSQ infit of 0.77 to 1.3, but at this stage, 

the fit of the model is only taken on the MNSQ and Pt-Measure outfit values. Based on the 

results of the analysis, all items match the model or fit (Table 11). 

 
 
 
 
 
 

Table 11. Item fit on model 

 
 
Difficulty Level 

The item difficulty level is analyzed using the Winsteps program, and the results obtained can 

be presented in Table 12 (Measure column). The item difficulty level is in the range of -0.70 

to 0.84.  From Table 12, the highest difficulty level is item 40 (difficulty level 0.84), and the 

lowest difficulty level is item 1 (difficulty level -0.70). Since the difficulty level is in the 

range of -2 and 2, it can be concluded that all items are in the good category. If further 
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divided into three categories, the difficulty level of items in the range of -0.7 to 0.84 is 

moderate (Sumintono & Widhiarso, 2015). It can also be seen on the difficult map items, 

namely the difficulty level is in the range of -2 and 2. 

 

 

 

 

Table 12. Item difficulty level 
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Figure 5. Item difficult map 
Item Discrimination 

The item discrimination analysis used the Winsteps program and the results are presented in 

Table 13 (column PT-Measure Corr). Item discrimination is in the range of 0.23 to 0.74; with 

details of 27 items having an index above 0.4 (good category), and 13 items having an index 

below 0.4 (bad category). However, the 13 items can be used as an instrument as long as the 

index is above 0 (Alagumalai, et al., 2005). 

Table 12. Item discrimination 
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Comparative Analysis between Classical and Modern Theory 

The results of the analysis of classical and modern theory obtained the index of difficulty 

level and item discrimination as follows. 

Table 14. Analysis classical and modern theories 

Parameter 
Classical Theory Modern Theory 

Many Items with 
Good Category 

Percentage Many Items with 
Good Category 

Percentage 

difficulty level 40 100 40 100 
Item discrimination 2 0.05 27 67.5 

 
 
Based on Table 14, the level of item difficulty analyzed by classical and modern theory has 

the same results (good category). However, item discrimination using modern theory has 

more items in good category than using classical theory. If we compare the index of 
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discriminatory items between classical (Table 7) and modern (Table 13), it can be seen that 

there is a match between the categories of item discrimination. It means that if the item 

discrimination is not good with the classical theory, then the item discrimination is also not 

good with the modern theory (13 items correspond to the item discrimination index, and 27 

do not match). 

 
Information and Measurement Error (SEM) Function 

The function of information to reveal latent ability is measured by using a test that is 

expressed through item donation. The test information function is also the sum of the 

functions of each item. The information function is inversely proportional to measurement 

error or Standard Error Measurement (SEM). The value of the information function of the 

test device will be high if the items that make up the test have a high information function. 

The following is a picture of the curve of the relationship between the information function 

and SEM. 

 

 
 

Figure 5. Graph of information function and measurement error 
 
 
Figure 5 shows that the instrument provides a maximum of 22.36 information and has the 

smallest measurement error of 0.21 if it is given to students with moderate ability, which is 

0.2. The lower limit and upper limit of the interval is the ability score where the graph of the 

information function and the SEM graph intersect in that interval. The graph indicates that 
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the greater the value of the information function, the smaller the measurement error (SEM). 

Item information function states the strength or contribution of test items in revealing the 

latent trait as measured by the test. With the item information function, it is known which 

items match the model, thus helping in the selection of test items (Retnawati, 2014). In 

conclusion, the characteristics of the test kit are suitable for students with moderate abilities. 

 
Based on the test results, in addition to knowing the quality of the developed test instruments, 

it can also be seen the ability of students to work on the questions given. Instrument analysis 

is based on two patterns of student answers that have the same tendency based on Bloom's 

Taxonomy (Bloom, 1956). A total of 6 student answers were selected as samples with 

different abilities (high, medium, and low). 

 
Item 1: the cognitive domain to be achieved is C2 (Understanding). Based on students' 

answers, the two dominant patterns of student answers are (1) students have understood the 

general form of arithmetic sequences and know the first term and other terms, and (2) 

students have not been able to formulate general forms in arithmetic sequences and perform 

algebraic operations on general forms. arithmetic sequence. 

Question 1: Pattern 1: Pattern 2: 

 
  

Figure 6. Student answers in item 1 
 

 
Item 2: the cognitive domain to be achieved is C2 (understanding). Based on students' 

answers, the two dominant patterns of student answers are (1) being able to understand and 

determine the number of terms in a sequence by using the general formula for an arithmetic 

sequence or determining the number of arithmetic sequences without using a general formula 
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(only writing down all the terms from the first term until the last term), and (2) students who 

can already use the general formula for arithmetic sequences but have not been able to 

determine the number of arithmetic sequences because of errors in performing algebraic 

operations on general arithmetic sequences. 

Question2: Pattern 1 Pattern 2 

 
  

Figure 7. Student answers in item 2 
 
 
Item 3: the cognitive domain to be achieved is C3 (applying). Based on students' answers, the 

two dominant patterns of student answers are (1) students have understood and determined 

the difference or difference between two non-adjacent arithmetic sequences using the general 

formula for arithmetic sequences, and (2) other students can determine the number of 

arithmetic sequences even though they are not using a general formula or by writing the 

terms of the known terms and inserting several terms. 

Question 3: Pattern 1 Pattern 2 

 
  

 

Figure 8. Student answers in item 3 
 
 
Item 4: the cognitive domain to be achieved is C3 (applying). Based on students' answers, the 

two dominant patterns of student answers are (1) students have understood and can determine 

the nth term in an arithmetic sequence that is known to be two non-adjacent terms using the 



Attachments: Revision_Article Sugeng Sutiarso et al.docx              Tue, Feb 22, 2022 at 8:48 PM 
 
 
 

24 
 

general formula for arithmetic sequences, and (2) students cannot determine the number of 

arithmetic sequences because it does not use a general formula, but by writing the terms of 

the known terms and inserting several terms and continuing until the nth term. 

Question  4: Pattern 1 Pattern 2 

   
Figure 9. Student answers in item 4 

 
  
Item 5: the cognitive domain to be achieved is C1 (remembering). Based on students' 

answers, the two dominant patterns of student answers are (1) students have understood and 

determined the middle term of an arithmetic sequence, and (2) students can determine the 

middle term of an arithmetic sequence but do not use general formulas, but by writing the 

terms from known terms and inserts several terms and then defines them. 

 

 

Question 5: Answer Pattern 1 Answer Pattern 2 

  
 

Figure 10. Student answers in item 5 
 
 
Description of Instrument Development and Student Ability 

The instrument developed from this research is a multiple-choice test with open reasons and 

all parameters have been accepted. This instrument is a combination of multiple-choice test 

and essay. Multiple-choice tests are easier to check students' answers but students' 
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mathematical thinking processes cannot be known in depth. While the essay test has the 

advantage of being able to find out deeper mathematical thinking processes but it takes a long 

time to check the answers. 

 
Assessment of learning instruments that have been carried out with item analysis and the 

results of student analysis is one of the important sources of composite scores to be reported. 

In the final report, the test taker's ability score should be changed to a score of 0 - 10 from 0 - 

100, according to the needs of the school. The transformation uses a linear transformation by 

dividing the score by the ideal score and then the result is multiplied by 10 to get a value in 

the range 0 – 10 or multiplied by 100 to get a score of 0 – 100. In the range 0 – 10, the score 

obtained by students taking the test the highest mathematics learning was 8.56 and the lowest 

was 4.31. In the range 0 – 100, the scores obtained by students with the highest mathematics 

is 85.625 and the lowest is 43.125. 

 
The results of the assessment of students' mathematical abilities are presented in the form of 

very low to very high predicates. The results of the test analysis show that most students have 

low and very low abilities, namely 62% (253 students). Meanwhile, students who have high 

and very high abilities are 38% (160 students). The results of another analysis find that 

students who have high abilities tend to work according to the concepts that have been given 

by the teacher but do not follow the completion steps, students who have moderate abilities 

can solve problems according to the concepts that have been given by the teacher and the 

steps, and there are students who have abilities but are not able to use the concepts given by 

the teacher and are not even able to give clear reasons.. 

 
Another result of this study is that teachers agree to provide learning assessments with 

multiple choice questions with open-ended reasons because the instrument is easier for 
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teachers to find out students' difficulties in certain materials. In this way, teachers can also 

provide remedial or other assistance to students who have learning difficulties. It means that 

the polytomous response instrument can be used as a way to determine which students need 

remedial or not. In general, previous research states how to determine students who need 

remedial only one test, namely multiple-choice tests (Gierl, et al., 2017)  or essays (Putri, et 

al., 2020). 

 

Discussion 

This research is development research to produce an instrument using polytomous response. 

The instrument is a multiple-choice test with open reasons. This instrument is analyzed by 

classical and modern theory. There are differences in the results of the analysis between 

classical and modern theories, namely item discrimination. Classical theory analysis obtains 

38 items with bad criteria and only 2 items with good criteria. In contrast, modern theory 

analysis obtains 27 items with good criteria and 13 items with bad criteria. According to 

evaluation theory, modern theory aims to cover the weaknesses of classical theory. The 

results of classical theory analysis are often categorized as not good but the results of the 

modern analysis are categorized as good, and vice versa (Retnawati, 2014). It means, if you 

find items that are not in a good category with classical theory, do not be in a hurry to revise 

or replace them before the analysis of modern theory analysis. 

   
Research on assessment for learning with polytomous responses with multiple-choice 

questions (having open reasons) is still limited. When compared to previous research, there is 

only one study on assessment for learning with polytomous responses to open-ended 

multiple-choice questions (Yang, et al., 2017). However, Yang study has several fundamental 

differences, namely the research objectives and data analysis. The research aims to diagnose 

student errors in university on the concept of calculus, not to produce a good assessment 
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instrument. The data analysis uses parametric statistics (covariance), not using item analysis 

(classical and modern). Since the objectives and data analysis are different, the results of the 

study cannot be compared with the results of this study. However, this research has provided 

a reference for researchers in making reasoned multiple-choice questions, such as the 

suitability of items with indicators, language, and alternative answers to questions. 

 
Other studies are similar to assessment for learning with polytomous responses on multiple-

choice questions with reasons (Sarea, 2018). The similarity of Sarea's research is safe, it lies 

in the research objectives and the analysis used (classical and modern). However, the 

difference is the researchers do not develop their questions and the questions are in the form 

of closed multiple-choice questions. The results of Sarea's research states that the comparison 

of the results of the classical and modern methods of item analysis is different. The difference 

is that the level of difficulty and item discrimination in the classical method is more 

categorized as good than the modern method. In other words, the modern way of stating the 

level of difficulty and item discrimination is categorized as good even though the analysis 

method states that the items are categorized as not good. Likewise with Saepuzaman's 

research, namely the product developed in the form of multiple-choice questions with closed 

reasons. Although the products are different, the results of the research can contribute to this 

research. The contribution of both is that there is a belief in the items that are declared not 

good by classical analysis, which turn out to be good with modern analysis. The results of 

previous studies have provided support to the results of the research that the polytomous 

response instrument in the form of multiple-choice questions with open reasons can be used 

as an alternative assessment for learning, as well as other assessments (assessment as learning 

and assessment of learning) for all vocational schools in Lampung, Indonesia and even 

outside Indonesia. 
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Conclusion 

Based on the results of the research and discussion, conclusions are obtained, namely (1) the 

instrument with a polytomous response has been accepted according to classical and modern 

theory, although item discrimination in the classical theory needs to be revised; It means if 

you find items that are not in a good category with classical theory, do not be in a hurry to 

revise or replace them before the analysis of modern theory analysis, and (2) an instrument 

with a polytomous response (multiple-choice test with open reasons) can provide information 

on actual student competencies. It is evidenced by the suitability of the results of classical and 

modern analysis. So, the condition that must exist so that an instrument with a response 

polytomus can be used to determine students' abilities is the suitability of the results of the 

analysis between classical and modern theories.  

   
Recommendation 

Based on the research results, there are several recommendations for teachers, schools, and 

other researchers. For teachers, teachers should familiarize students with giving a test in the 

form of a polytomous response before giving the test. For schools, principals or other leaders 

should encourage other teachers to take advantage of this test, and develop other assessment 

instruments. For other researchers, they should conduct research by developing instruments 

with other polytomous responses (assessment of learning and assessment as learning) on 

other materials. In addition, for further research, conduct a study that develops an assessment 

instrument with a learning response polytomus (pretest). This is important, so that students' 

prior knowledge can be known so that learning can be effective. 

  
Limitations 
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The research carried out has several limitations. Firstly, the selected schools have not been 

the researchers' expectations, for example representing schools with high, medium, and low 

quality. In addition, during the collection of research data that begins with learning, it is not 

fully controlled by the researcher, so the students who are the research samples are less 

conditioned. The research is only limited to algebraic material (sequences and series, 

matrices, equations, and quadratic functions), and does not represent other mathematical 

materials, such as geometry and statistics. 
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DEVELOPMENT OF ASSESSMENT FOR LEARNING 
INSTRUMENT USING POLYTOMOUS RESPONSE 
IN MATHEMATICS IN VOCATIONAL SCHOOLS 

 
 
 
Abstract:This research is development research that aims to produce a good instrument of 

assessment in mathematics using polytomousresponse according to classical and modern 

theories. Plomp's model as a research design has five stages: preliminary investigation, 

design, realization or construction, trial, revision, and implementation (testing). The study is 

conducted in three vocational schools in Lampung, Indonesia. The study involves 413 

students consisting of 191 male students and 222 female students. The data are collected 

through questionnaires and tests. Questionnaire is to identify instruments commonly used by 

teachers so far and to validate instruments by experts. The test uses multiple-choice tests with 

open reasons as many as 40 items. The data are analyzed in two ways, namely analysis with 

classical and modern theories. The results show that the instrument of assessment in 

mathematics with polytomous response has good categories according to classical and 

modern theory, although item discrimination according to classical theory needs to be 

revised, and the instrument of assessment in mathematics with the polytomous response 

(multiple-choice tests with open reason) can provide information on the actual competency of 

students. It is evidenced by the suitability of the results of the analysis of classical and 

modern theories. 

 
Keywords:assessment for learning, classical and modern theory, multiple choice tests with  

open reason, polytomous response, vocational school 
 

 
 

Introduction 

Assessment is an important activity and needs to be done by teachers in schools. The 

conventional paradigm often interprets the assessment as a way to find out the achievement 

of student learning outcomes as a whole, so that the assessment is positioned as a separate 

activity from the learning process(Syaifuddin, 2020). If referring to the current paradigm, 

assessment in schools is divided into three parts, namely assessment as learning, 
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assessmentfor learning, dan assessment of learning (Wulan, 2018). Assessment as learning 

has almost the same function as assessment for learning but assessment as learning involves 

students in assessment, such as assessing themselves or colleagues.Assessment of learning is 

an assessment carried out after all learning ends and aims to assess student achievement. 

Assessment for learning is an assessment carried out during the learning process and aims to 

improve learning.It can play a role in preventing students from experiencing further learning 

failure because of its position between the other two assessments (Earl, 2013) as shown in the 

following assessment pyramid (Figure 1). 

 

Figur 1. Assessement pyramid 
 

Assessment activities can be applied with tests. A test is a tool or procedure used to find out 

or measure students' abilities about something with certain rules (Arikunto, 2012). According 

to the type, the test consists of two types, namely multiple choice and essay. Each form has 

advantages or disadvantages to each other. The advantage of multiple-choice over essays is 

that multiple-choice can measure multiple cognitive levels, scoring more objectively, and 

saving time. Meanwhile, essay tests can only describe students' actual abilities, but scoring 

tends to be subjective (Rosidin, 2017).The results of the preliminary research survey found 

that so far teachers have used multiple choice tests to determine students' abilities. During the 

test, students tend to guess on difficult items, sometimes students guess right and sometimes 

wrong. Of course, it is difficult to distinguish between students who answered correctly and 

guessed. Therefore, it is necessary to develop multiple choice tests that prevent students from 

guessing the answers. 
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Specifically for choice tests, in the last four decades, evaluation experts have developed 

multiple-choice tests, namely multiple-choice tests with open and closed reasons(Suwarto, 

2012). Multiple choice test with open reasons is a multiple-choice test that has alternative 

answers and questions are asked for the choice of choice. Meanwhile, multiple-choice tests 

with closed reasons are multiple-choice tests that have alternative answers, and students are 

asked to choose the reasons provided. The advantage of the choice test, compared to the free 

choice is the answer from the answer chosen, compared to the multiple tests which are not 

free to give reasons. Generally, multiple-choice tests on assessment for learning do not 

provide reasons (open or ask closed). The multiple-choice test has only true or false answers. 

If the answer is correct, then it gets a score of 1.Otherwise, if the answer is wrong, it gets a 

score of 0, and this scoring is called dichotomous. The choice test provides a choice of 

opportunities for students to get a score even though the answer is wrong and this scoring is 

called polytomous(Kartono, 2008). 

The first time, the polytomous response test was in the 80s, and the test was known as the 

two-tier multiple-choice test(Treagust, 1988). The test is in the form of multiple-choice with 

closed reasons which aim to diagnose errors in the concepts of biology, physics, and 

chemistry. Multiple choice test with closed reasons has two levels, the first level is a 

multiple-choice test and the second level is a multiple-choice test with a choice of reasons 

from the first level questions(Chandrasegaran, et al., 2007). Furthermore, studies on the 

development of multiple-choice tests with closed reasons have been carried out by many 

researchers on several concepts, such as physics on light and optical instruments 

(Widiyatmoko & Shimizu, 2018), mathematics on calculus(Khiyarunnisa & Retnawati, 

2018), chemistry on acids and base (Andaria & Hadiwinarto, 2020), biology on the 

respiratory system(Myanda, et al., 2020), mathematics on reasoning problems(Ambarwati, et 

al., 2020), biology on the human digestive system(Jamhari, 2021), mathematics on 
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mathematical connections(Lestari, et al., 2021). Meanwhile, the development of multiple-

choice tests with open reasons is still limited, namely mathematics in calculus(Yang, et al., 

2017), and outside mathematics, namely physics in Higher Order Thinking Skills(Prasetya, et 

al., 2019). 

There are two approaches to analyzing test items, namely classical and modern theory. 

Classical theory has weaknesses. It cannot separate the characteristics of respondents and test 

items. It means that the test taker's ability is only determined by the test. The characteristics 

of the test items will change when the examinees change, and the characteristics of the 

examinees will change when the items change. Thus, classical theory is considered less able 

to provide information on the actual abilities of students because the results of the assessment 

are highly dependent on the respondents. Modern theory, with item response theory, is a 

solution to overcome the weakness of classical theory because item response theory has the 

concept of releasing the relationship between respondents and test items(Saepuzaman, et al., 

2021).It means a test that has a good category not only according to classical theory but must 

be supported by test analysis according to modern theory. 

Classical theory is a measurement theory for assessing tests based on the assumption of 

measurement errors between actual results and observations, or correlation measurement 

errors based on test-takers. From the assumption, a formula for calculating the level of 

difficulty and item discrimination was developed(Hambleton & Jones, 1993). The modern 

theory is a theory of measurement to assess by comparing the average performance against 

the appearance of evidence of group ability, or the ability of test-takers predicted from their 

abilities; or better known as Item Response Theory/IRT(Hambleton & Linden, 1982). 

Classical test theory is used because it is easy to apply but has limitations in measuring the 

level of difficulty and differentiating items because the calculation of the two indicators is 
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based directly on the total score of the test takers. While modern theory with item response 

theory frees the dependence between test items and respondents (parameter invariance 

concept), responses to one test item do not affect other test items (local independence 

concept), and test items only measure one dimension or unidimensional concept(Anisa, 

2013).  

Related to the polytomous response test, a measurement innovation is needed that can 

guarantee a good test according to classical theory and modern theory. This research is 

development research that aims to produce a good instrument of assessment in mathematics 

using polytomous response according to classical and modern theories. If the results of this 

research are obtained a proper test according to classical and modern theory, it can make it 

easier for teachers to develop appropriate tests on other materials, and students can find out 

their true abilities. Finally, for practitioners or other researchers, it can be a reference in 

further research.The formulation of the problem proposed is (1) does the instrument in the 

assessment in mathematics developed with the polytomous response have a good test 

category according to classical and modern theory measurements?, and (2) does the 

assessment for learning an instrument with the polytomous response provide information on 

the actual competence of students? 

 
Research Method 

Research Design 

This research is a research and development that refers to Plomp’s (2013) modelwith the 

research procedure consisting of five stages, namely preliminary investigation, design, 

realization or construction, test phase, revision, and implementation (test). 
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Figure 2. Stages of research design 

 

The preliminary investigation stage is to identify the assessment instruments used by teachers 

so far. The design stage is to make a polytomous response test grid according to the basic 

competencies of mathematical concepts and to make an expert assessment questionnaire 

sheet. The realization or construction stage is developing the items on the polytomous 

response test, and also the expert validation process for the items on the developed 

polytomous response test. The revision stage is the improvement of items on the polytomous 

response test based on expert advice. The implementation (test) stage is to try out the 

polytomous response test to students and analyze the results of the test. 

 
Research Subject 

The subjects of the study are students of a vocational school in the province of Lampung, 

Indonesia. The research sample is determined using a non-probability sampling technique in 

the form of accidental sampling. It means taking the subject based on a subject that is easy to 

find and ready to be a respondent (Malhotra, 2006). The selected schools are three schools as 

representatives, namely the Mitra Bhakti vocational school, the Praja Utama vocational 

school, and the Ma'arif NU vocational school. The research subjects are 413 students at grade 

I (male students = 191, and female students = 222), whose mathematical abilities on the 

National Exam (NE) were categorized as moderate (average 64.67 from the ideal score of 

100). The following are the characteristics of the research subjects in detail shown in Table 1.  

 
 
 
 

Realization/construction Design Preliminary investigation 

Implementation (Test) Revision 
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Table 1. Research subjects 

Vocational 
Schools Grade 

The Number of Students 
Average of NE 

Total Male  Female 

Mitra Bhakti 
I-A 13 5 8 64.24 
I-B 23 10 13 62.4 
I-C 29 9 20 65 

Praja Utama 

I-A 40 40 0 64 
I-B 39 39 0 64.62 
I-C 43 15 28 68.72 
I-D 38 15 23 67.9 
I-E 41 14 27 67.56 
I-F 40 17 23 63.38 
I-G 40 8 23 67.74 

SMK Ma’arif NU 
I-A 31 14 17 62.1 
I-B 36 5 51 58.34 

Total 413 191 222  64.67 
 
 
Data Collecting Technique 

Data are collected using a questionnaire and test. The questionnaire contains several 

questions to the teacher about the instrument for assessment used by the teacher and also 

expert validity of the instrument developed and to determine content validity(Suhaini, et al., 

2021). The instrument is validated by two people who have expertise in mathematics and 

educational evaluation. The three aspects assessed by the expert are the suitability of the 

items with the indicators, language, and alternative answers to the questions. The score in 

validating the instrument follows the criteria as in Table 2 below. 

Table 2. Content validity score 

Description Score 
Irrelevant 1 

Quite relevant 2 
Relevant 3 

Very relevant 4 
 

 
After determining content validity, the instrument is tested on students. Then, it is continued 

by determining the validity of the construct and its reliability, with the aim that the instrument 

can be further analyzed. 

 
The instrument used is a multiple choice test with a polytomus response with open reasoning, 
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which consisted of 40 questions on the concepts of sequences and series (arithmetic and 

geometry), quadratic equations and functions, and matrices. Each item contains five answer 

choices along with the reasons. Student answers scorerefers to the polytomus score in the 

Partial Credit Model, where answer choices and reasons are related (Retnawati, 2014), as 

shown in Table 3 below. 

Table 3. Student answersscore 

Student Answers 
Score 

Answer Options Reason 
False False 1 
False Right 2 
Right False 3 
Right Right 4 

 
 
Data Analysis 

The research data obtained are analyzed in two stages, namely (1) questionnaire data analysis 

(qualitative analysis), and (2) test data analysis (empirical analysis). The following is an 

explanation of each data analysis. 

1. Questionnaire data analysis (qualitative analysis) 

The questionnaire data analyzed includetwo parts, namely identification data on the 

instruments used by the teacher and expert validation data. The identification data on the 

instrument are analyzed descriptively, and the expert validation data are analyzed for 

trends or expert agreement using the Gregory formula (Gregory, 2015), namely: 

 

         V = 
𝐷

𝐴+𝐵+𝐶+𝐷
 

 
Description: 
V = Content Validity 
A = Rater 1 and 2 are weak 
B = Rater 1 is strong, and rater 2 is weak 
C = Rater 1 is weak, and rater 2 is strong 
D = Rater 1 and 2 are strong 
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The interpretation of Gregory's formula is that the number V is in the range 0 - 1. The 

higher the number V (close to 1 or equal to 1), the higher the value of the validity of an 

item. Conversely, the lower the number V (close to 0 or equal to 0), the lower the value of 

the validity of an item. 

2. Test data analysis (empirical analysis) 

After the content validity test, it is followed by construct validity and reliability tests. The 

construct validation test uses exploratory factor analysis. The instrument is considered to 

have a good construct if the explained Kaiser-Meyer-Olkin (KMO) value is more than 0.5 

(Retnawati, 2014). Reliability test using Cronbach's Alpha formula. The instrument is said 

to have good reliability if the coefficient value of Cronbach's Alpha is 0.60 (Arikunto, 

2012). If the instrument has good construct validation, further tests can be analyzed, 

namely the level of difficulty and item discrimination. The reason for analyzing the level 

of difficulty and item discrimination is because they are both preliminary analyzes of the 

assumptions of measurement theory (Hambleton & Jones, 1993).  To simplify the process 

of analyzing the level of difficulty and item discrimination, the Iteman program is used for 

classical theory, and the Winsteps program for modern theory (Sarea & Ruslan, 2019). 

The Winsteps program is used because it has several advantages(Untary, et al., 2020), 

namely, it can analyze polytomous data and can analyze the maximum likelihood model 

using a 1-parameter logistic model. 

2.1 Analysis of test data with classical theory 

a. The item difficulty level is the percentage of the number of students who answerthe 

questions correctly or incorrectly. The difficulty of a good (medium) item is if the 

index is in the range of 0.3 to 0.7. If the index is below 0.3 then the item is 

difficult, and vice versa if the index is above 0.7 then the item is easy. 

b. Item discrimination is the item's ability to distinguish high-ability students from 
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stupid, low-ability students. Good item discrimination if it has an index above 0.3; 

and if the item discrimination index is below 0.3 then the item needs to be revised 

(Arikunto, 2012). 

2.2 Analysis of test data with modern theory 

a. The item difficulty level is the level of the student's latent trait towards the item. 

The difficulty of the items identifies the ability of about 50% of respondents who 

are expected to answer items correctly (DeMars, 2010). An item is said to be good 

if it has an index between -2 and +2 (Hambleton & Swaminathan, 1985). If the 

index is close to -2, then the item is classified as very easy, and if the index is close 

to +2, the item is classified as very difficult (Retnawati, 2014). In the Winsteps 

program, the item difficulty level is in the Measure column. 

b. Item discrimination is indicated by the slope of the curve on the item 

characteristics. The item is said to have good discrimination if the slope of the 

curve is moderate (not too gentle or steep), because if the slope of the curve is too 

gentle or steep, then the item is not good. Another opinion states that a good index 

is above 0.4 (Crocker & Algina, 1986). In the Winsteps program, the item 

discrimination is in the Pt-Measure Corr column. 

According to modern theory, before analyzing the level of difficulty and item discrimination, 

three assumptions must be tested, namely unidimensionality, local independence, and model 

fit(Hambleton, et al., 1991). Unidimensional means that each test item only measures one 

ability. There are three ways that are often used to test unidimensionality, namely the analysis 

of the Eigen values of the correlation matrix between items, the Stout-test on the 

unidimensional assumption test, and the index based on the residuals on the unidimensional 

solution(DeMars, 2010). In this study, the dimensional test uses the Eigen value analysis of 

the correlation matrix between items. 
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Local independence is the state of the respondent's answer to an item that is not influenced by 

other items. Local independence test by proving that the probability of the respondent's 

answer pattern is the same as the probability of the respondent's answer on each item. If the 

unidimensional assumption has been met, the local independence assumption has also been 

met (DeMars, 2010). Model fit test to find out whether the model used is in accordance with 

the items. Test the fit of the model by measuring Outfit Mean Square (MNSQ) and Pt-

Measure. If the Outfit MNSQ value is 0.5 to 1.5 and the Pt-Measure Corr is positive, it is said 

that the item fits the model (Linacre, 2012). In addition, the information function and 

Standard Error Measurement (SEM) are analyzed which aims to further explain the latent 

ability as measured by using a test that is expressed through item donations. 

 
Findings/Results 

 
1. Analysis of Questionnaire Data 

Based on the results of the questionnaire, it is found that so far the teacher has never used the 

polytomous response instrument with a multiple-choice test with open reasons. As many as 

80% of teachers use essay tests and 20% of teachers use multiple-choice, with each 

instrument consisting of 2-5 items. In addition, about 10% of teachers use this assessment as 

a learning improvement, such as improving lesson plans and teaching models/methods. The 

results of the questionnaire stated that 90% of teachers who do not use assessment as an 

improvement in learning are caused by several aspects, such as teachers are not 

understanding assessment (20%), teachersare not knowing how to analyze assessments 

(50%), and teachers are not knowing how to develop good assessment questions (30%). The 

following is a summary of the questionnaire data from the identification of assessment for 

learning instruments. 
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Figure 3. Description of teacher condition in assessment for learning 

 
 

Content Validity 

The results of the two expert assessments show that the content validation instrument is good. 

Furthermore, the analysis of expert judgment agreement with the Gregory Index formula is 

obtained as shown in Table 4 below. 

Table 4. Index Gregory items 
 

 Rater 1 
weak strong 

Rater 2 
weak 0 0 
strong 0 40 

Index Gregory 1 
 

 
Based on the results of the assessment in Table 4, it can be concluded that the instrument is 

valid because the value of V reaches a value of 1. Therefore, the instrument test can be 

continued.In addition to providing assessments, the experts also provide some suggestions for 

improvements to the instrument, namely the preparation of questions using the ABCD format 

(Audience, Behavior, Competence, and Degree), avoiding the use of ambiguous language or 

statements, improving mathematical concepts, making alternative answer choices that are 

misleading, and arrange them in order. 

 
2.  Analysis of TestData 

Construct Validity 

After testing the instrument, it is followed by a construct validity test. The results of thetest 

80%

20%

Test type

essay

multiple
choice

10%

90%

Assessment

revised

not revised

20%

50%

30%

The cause 

not
understandin
g
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with exploratory factor analysis are shown in Table 5. 

Table 5. Exploratory factor analysis 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
Bartlett's Test of Sphericity Approx. Chi-Square 1936.378 

Df 780 
Sig. .000 

 
Based on Table 5, the explained KMO value is 0.76 (more than 0.5), and it can be concluded 

that the variables and samples used to allow for further analysis. 

 
Reliability 

The results of the estimation of the reliability of the instrument obtained the Cronbach's 

Alpha coefficient value of 0.89 (more than 0.6). It means that the instrument has good 

reliability so that the analysis of the level of difficulty and item discrimination can be 

continued according to the classical and modern methods. 

Table 6. Item reliability 

Cronbach’s Alpha N of Items 
0.892 40 

 
 
2.1  Analysis of Test Data with Classical Theory 

Analysis of test data with classical theory does not require testing assumptions, but the 

analysis of the level of difficulty and item discrimination can be directly calculated. The 

results of the analysis of the level of difficulty and item discrimination are obtained as shown 

in Table 7 below. 

Table 7. Level of difficulty and item discrimination 
Item Level of 

difficulty 
Category Discrimination Category Item Level of 

difficulty 
Category Discrimination Category 

1 0.538 good 0.196 Revised 21 0.482 good 0.143 revised 
2 0.487 good 0.179 Revised 22 0.535 good 0.429 good 
3 0.528 good 0.214 Revised 23 0.492 good 0.250 revised 
4 0.540 good 0.304 Good 24 0.438 good -0.071 revised 
5 0.489 good 0.089 Revised 25 0.436 good -0.107 revised 
6 0.446 good -0.161 Revised 26 0.385 good -0.286 revised 
7 0.438 good -0.232 Revised 27 0.383 good -0.321 revised 
8 0.453 good -0.143 Revised 28 0.416 good -0.143 revised 
9 0.414 good -0.143 Revised 29 0.458 good -0.125 revised 

10 0.409 good -0.339 Revised 30 0.385 good -0.375 revised 
11 0.438 good -0.143 Revised 31 0.404 good -0.321 revised 
12 0.436 good -0.036 Revised 32 0.433 good -0.250 revised 
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13 0.400 good -0.321 Revised 33 0.441 good 0,036 revised 
14 0.450 good -0.036 Revised 34 0.424 good -0.268 revised 
15 0.462 good 0.250 Revised 35 0.412 good -0.321 revised 
16 0.453 good -0.089 Revised 36 0.431 good -0.304 revised 
17 0.416 good -0.143 Revised 37 0.404 good -0.232 revised 
18 0.419 good -0.196 Revised 38 0.363 good -0.482 revised 
19 0.431 good -0.232 Revised 39 0.230 good -0.929 revised 
20 0.441 good -0.089 Revised 40 0.211 good -1.071 revised 

 
 
Based on Table 7, it is found that all items have an item difficulty level in the index range of 

0.3 to 0.7, sothey are included in the good category. Meanwhile, only two items on 

discrimination have good categories, and the remaining items need to be revised. The results 

indicate that all items are good based on the level of difficulty, but almost all items need to be 

revised for item discrimination. 

 
2.2 Analysis of Test Data with Modern Theory 

Unidimensional Assumption Test 

The unidimensional assumption test is the first assumption test with factor analysis. Factor 

analysis begins by testing the adequacy of the sample to be used in the analysis, constructing 

a variance-covariance matrix, then calculating the eigenvalues. The eigenvalue is then used to 

calculate the percentage of explained variance, as well as describe the scree plot(Retnawati, 

2014). The output of factor analysis is the Kaiser-Meyer-Olkin Measure of Sampling 

Adequacy (KMO) statistic and scree plot. 

Table 8. KMO test 

Kaiser-Meyer-Olkin Measure of Sampling 
Adequacy. 

.760 

Bartlett's Test of 
Sphericity 

Approx. Chi-Square 1936.37
8 

Df 780 
Sig. .000 

 
 
The unidimensional test is based on the cumulative percentage of eigenvalues and scree plots. 

If the cumulative percentage of eigenvalues in the first factor is more than 20%, then the 

unidimensional assumption is accepted (Retnawati, 2014). In Table 9, it can be seen that the 
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cumulative percentage of the eigenvalues in the first factor is 20.220%. The cumulative 

percentage of the eigenvalues has exceeded 20%,so the instrument in the study is proven to 

only measure one factor or dimension. 

Table 9. Total variance explained 

Component 
Initial Eigenvalues 

Total Variance (%) Cumulative (%) 
1 8.088 20.220 20.220 
2 1.458 3.646 23.865 

 
 
In addition, the unidimensional test can also be seen on the scree plot which is based on the 

number of factors marked by the steepness of the graph with the acquisition of eigenvalues.  

 

Figure 4. Scree plot unidimensi 
 
 
Based on the scree plot, it is known that the eigenvalues immediately slope on the second 

factor. It shows that there is only one dominant factor in the developed instrument. The 

results prove that the test kit meets the unidimensional assumption or in other words only 

measures one dominant factor. 

 
Local Independence Assumption Test 

The local independence assumption test will be accepted if the respondent's answer to one 

item does not affect the respondent's answer to another item. Thus, the score of one item 
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should not be determined or dependent on the scores of other items. It confirms that the 

assumption is automatically proven after being proven by the unidimensionality of the 

respondent's data on a test (Retnawati, 2014). 

Table 10. Covariance matrix 

 K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 

K1 0.0486                

K2 0.012 0.0042               

K3 0.0105 0.0034 0.0032              

K4 0.0317 0.0106 0.0093 0.0293             

K5 0.01 0.0032 0.0029 0.0085 0.0028           

K6 0.0069 0.0023 0.0021 0.0062 0.002 0.0016         

K7 0.0036 0.0011 0.0009 0.0028 0.0009 0.0007 0.0004       

K8 0.0041 0.0015 0.0012 0.0037 0.0011 0.0008 0.0004 0.0006     

K9 0.0074 0.0024 0.0022 0.0065 0.002 0.0015 0.0007 0.0009 0.0017   
K10 0.021 0.0061 0.0054 0.0148 0.0051 0.0039 0.0017 0.0025 0.0043 0.0196 

 
Data in Table 10 shows the results of the variance-covariance values between groups of 

students' abilities. It can be seen that the covariance value between the ability interval groups 

located on the diagonal is small and close to zero. It can be concluded that there is no 

correlation, so it can be said that the local independence assumption test is accepted. 

 
Model Fit 

The model fit test is analyzed using the Winsteps program. The item requirements are called 

fit to the model if the Outfit MNSQ value is 0.5 to 1.5 and the Outfit ZSTD value is -2 to 2, 

and the Pt-Measure Corr is positive, then it can be said that the item fits the 

model(Sumintono & Widhiarso, 2015). An item is considered fit if one of the conditions is 

accepted. In addition, it can also be seen from the MNSQ infit of 0.77 to 1.3, but at this stage, 

the fit of the model is only taken on the MNSQ and Pt-Measure outfit values. Based on the 

results of the analysis, all items match the model or fit (Table 11). 
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Table 11. Item fit on model 

 
 
Difficulty Level 

The item difficulty level is analyzed using the Winsteps program, and the results obtained can 

be presented in Table 12 (Measure column). The item difficulty level is in the range of -0.70 

to 0.84.From Table 12, the highest difficulty level is item 40 (difficulty level 0.84), and the 

lowest difficulty level is item 1 (difficulty level -0.70). Since the difficulty level is in the 

range of -2 and 2, it can be concluded that all items are in the good category. If further 

divided into three categories, the difficulty level of items in the range of -0.7 to 0.84 is 

moderate (Sumintono & Widhiarso, 2015). It can also be seen on the difficult map items, 

namely the difficulty level is in the range of -2 and 2. 
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Table 12. Item difficulty level 

 
 

 
 

Figure 5. Item difficult map 
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Item Discrimination 

The item discrimination analysis used the Winsteps program and the results are presented in 

Table 13 (column PT-Measure Corr). Item discrimination is in the range of 0.23 to 0.74; with 

details of 27 items having an index above 0.4 (good category), and 13 items having an index 

below 0.4 (bad category). However, the 13 items can be used as an instrument as long as the 

index is above 0(Alagumalai, et al., 2005). 

Table 12. Item discrimination 
 

 
 
 
Comparative Analysis between Classical and Modern Theory 

The results of the analysis of classical and modern theory obtained the index of difficulty 

level and item discrimination as follows. 
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Table 14. Analysis classical and modern theories 

Parameter 
Classical Theory Modern Theory 

Many Items with 
Good Category 

Percentage Many Items with 
Good Category 

Percentage 

difficulty level 40 100 40 100 
Item discrimination 2 0.05 27 67.5 

 
 
Based on Table 14, the level of item difficulty analyzed by classical and modern theory has 

the same results (good category). However, item discrimination using modern theory has 

more items in good category than using classical theory. If we compare the index of 

discriminatory items between classical (Table 7) and modern (Table 13), it can be seen that 

there is a match between the categories of item discrimination. It means that if the item 

discrimination is not good with the classical theory, then the item discrimination is also not 

good with the modern theory (13 items correspond to the item discrimination index, and 27 

do not match). 

 
Information and Measurement Error (SEM) Function 

The function of information to reveal latent ability is measured by using a test that is 

expressed through item donation. The test information function is also the sum of the 

functions of each item. The information function is inversely proportional to measurement 

error or Standard Error Measurement (SEM). The value of the information function of the 

test device will be high if the items that make up the test have a high information function. 

The following is a picture of the curve of the relationship between the information function 

and SEM. 
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Figure 5. Graph of information function and measurement error 
 
 
Figure 5 shows that the instrument provides a maximum of 22.36 information and has the 

smallest measurement error of 0.21 if it is given to students with moderate ability, which is 

0.2. The lower limit and upper limit of the interval is the ability score where the graph of the 

information function and the SEM graph intersect in that interval. The graph indicates that 

the greater the value of the information function, the smaller the measurement error (SEM). 

Item information function states the strength or contribution of test items in revealing the 

latent trait as measured by the test. With the item information function, it is known which 

items match the model, thus helping in the selection of test items (Retnawati, 2014). In 

conclusion, the characteristics of the test kit are suitable for students with moderate abilities.  

 
Based on the test results, in addition to knowing the quality of the developed test instruments, 

it can also be seen the ability of students to work on the questions given. Instrument analysis 

is based on two patterns of student answers that have the same tendency based on Bloom's 

Taxonomy (Bloom, 1956). A total of 6 student answers were selected as samples with 

different abilities (high, medium, and low). 

 
Item 1: the cognitive domain to be achieved is C2 (Understanding). Based on students' 

answers, the two dominant patterns of student answers are (1) students have understood the 

general form of arithmetic sequences and know the first term and other terms, and (2) 

students have not been able to formulate general forms in arithmetic sequences and perform 
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algebraic operations on general forms. arithmetic sequence. 

Question 1: Pattern 1: Pattern 2: 

 
  

Figure 6. Student answers in item 1 
 

 
Item 2: the cognitive domain to be achieved is C2 (understanding). Based on students' 

answers, the two dominant patterns of student answers are (1) being able to understand and 

determine the number of terms in a sequence by using the general formula for an arithmetic 

sequence or determining the number of arithmetic sequences without using a general formula 

(only writing down all the terms from the first term until the last term), and (2) students who 

can already use the general formula for arithmetic sequences but have not been able to 

determine the number of arithmetic sequences because of errors in performing algebraic 

operations on general arithmetic sequences. 

Question2: Pattern 1 Pattern 2 

 
  

Figure 7. Student answers in item 2 
 
 
Item 3: the cognitive domain to be achieved is C3 (applying). Based on students' answers, the 

two dominant patterns of student answers are (1) students have understood and determined 

the difference or difference between two non-adjacent arithmetic sequences using the general 

formula for arithmetic sequences, and (2) other students can determine the number of 

arithmetic sequences even though they are not using a general formula or by writing the 
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terms of the known terms and inserting several terms. 

Question 3: Pattern 1 Pattern 2 

 
  

 

Figure 8. Student answers in item 3 
 
 
Item 4: the cognitive domain to be achieved is C3 (applying). Based on students' answers, the 

two dominant patterns of student answers are (1) students have understood and can determine 

the nth term in an arithmetic sequence that is known to be two non-adjacent terms using the 

general formula for arithmetic sequences, and (2) students cannot determine the number of 

arithmetic sequences because it does not use a general formula, but by writing the terms of 

the known terms and inserting several terms and continuing until the nth term. 

Question  4: Pattern 1 Pattern 2 

   
Figure 9. Student answers in item 4 

 
 
Item 5: the cognitive domain to be achieved is C1 (remembering). Based on students' 

answers, the two dominant patterns of student answers are (1) students have understood and 

determined the middle term of an arithmetic sequence, and (2) students can determine the 

middle term of an arithmetic sequence but do not use general formulas, but by writing the 

terms from known terms and inserts several terms and then defines them. 
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Question 5: Answer Pattern 1 Answer Pattern 2 

  
 

Figure 10. Student answers in item 5 
 
 
Description of Instrument Development and Student Ability 

The instrument developed from this research is a multiple-choice test with open reasons and 

all parameters have been accepted. This instrument is a combination of multiple-choice test 

and essay. Multiple-choice tests are easier to check students' answers but students' 

mathematical thinking processes cannot be known in depth. While the essay test has the 

advantage of being able to find out deeper mathematical thinking processes but it takes a long 

time to check the answers. 

 
Assessment of learning instruments that have been carried out with item analysis and the 

results of student analysis is one of the important sources of composite scores to be reported. 

In the final report, the test taker's ability score should be changed to a score of 0 - 10 from 0 - 

100, according to the needs of the school. The transformation uses a linear transformation by 

dividing the score by the ideal score and then the result is multiplied by 10 to get a value in 

the range 0 – 10 or multiplied by 100 to get a score of 0 – 100. In the range 0 – 10, the score 

obtained by students taking the test the highest mathematics learning was 8.56 and the lowest 

was 4.31. In the range 0 – 100, the scores obtained by students with the highest mathematics 

is 85.625 and the lowest is 43.125. 

 
The results of the assessment of students' mathematical abilities are presented in the form of 

very low to very high predicates. The results of the test analysis show that most students have 

low and very low abilities, namely 62% (253 students). Meanwhile, students who have high 
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and very high abilities are 38% (160 students). The results of another analysis find that 

students who have high abilities tend to work according to the concepts that have been given 

by the teacher but do not follow the completion steps, students who have moderate abilities 

can solve problems according to the concepts that have been given by the teacher and the 

steps, and there are students who have abilities but are not able to use the concepts given by 

the teacher and are not even able to give clear reasons.. 

 
Another result of this study is that teachers agree to provide learning assessments with 

multiple choice questions with open-ended reasons because the instrument is easier for 

teachers to find out students' difficulties in certain materials. In this way, teachers can also 

provide remedial or other assistance to students who have learning difficulties. It means that 

the polytomous response instrument can be used as a way to determine which students need 

remedial or not. In general, previous research stateshow to determine students who need 

remedial only one test, namely multiple-choice tests(Gierl, et al., 2017)or essays(Putri, et al., 

2020). 

 

Discussion 

This research is development research to produce an instrument using polytomous response. 

The instrument is a multiple-choice test with open reasons. This instrument is analyzed by 

classical and modern theory. There are differences in the results of the analysis between 

classical and modern theories, namely item discrimination. Classical theory analysis obtains 

38 items with bad criteria and only 2 items with good criteria. In contrast, modern theory 

analysis obtains 27 items with good criteria and 13 items with bad criteria. According to 

evaluation theory, modern theory aims to cover the weaknesses of classical theory. The 

results of classical theory analysis are often categorized as not good but the results of the 

modern analysis are categorized as good, and vice versa(Retnawati, 2014). It means, if you 
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find items that are not in a good category with classical theory, do not be in a hurry to revise 

or replace them before the analysis of modern theory analysis. 

  
Research on assessment for learning with polytomous responses with multiple-choice 

questions (having open reasons) is still limited. When compared to previous research, there is 

only one study on assessment for learning with polytomous responses to open-ended 

multiple-choice questions(Yang, et al., 2017). However, Yang study has several fundamental 

differences, namely the research objectives and data analysis. The research aims to diagnose 

student errors in university on the concept of calculus, not to produce a good assessment 

instrument. The data analysis uses parametric statistics (covariance), not using item analysis 

(classical and modern). Since the objectives and data analysis are different, the results of the 

study cannot be compared with the results of this study. However, this research has provided 

a reference for researchers in making reasoned multiple-choice questions, such as the 

suitability of items with indicators, language, and alternative answers to questions. 

 
Other studies are similar to assessment for learning with polytomous responses on multiple-

choice questions with reasons(Sarea, 2018). The similarity of Sarea's research is safe, it lies 

in the research objectives and the analysis used (classical and modern). However, the 

difference is the researchers do not develop their questions and the questions are in the form 

of closed multiple-choice questions. The results of Sarea's research states that the comparison 

of the results of the classical and modern methods of item analysis is different. The difference 

is that the level of difficulty and item discrimination in the classical method is more 

categorized as good than the modern method. In other words, the modern way of stating the 

level of difficulty and item discrimination is categorized as good even though the analysis 

method states that the items are categorized as not good. Likewise with Saepuzaman's 

research, namely the product developed in the form of multiple-choice questions with closed 
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reasons. Although the products are different, the results of the research can contribute to this 

research. The contribution of both is that there is a belief in the items that are declared not 

good by classical analysis, which turn out to be good with modern analysis.The results of 

previous studies have provided support to the results of the research that the polytomous 

response instrument in the form of multiple-choice questions with open reasons can be used 

as an alternative assessment for learning, as well as other assessments (assessment as learning 

and assessment of learning) for all vocational schools in Lampung, Indonesia and even 

outside Indonesia. 

 
Conclusion 

Based on the results of the research and discussion, conclusions are obtained, namely (1) the 

instrument with a polytomous response has been accepted according to classical and modern 

theory, although item discrimination in the classical theory needs to be revised; It means if 

you find items that are not in a good category with classical theory, do not be in a hurry to 

revise or replace them before the analysis of modern theory analysis, and (2) an instrument 

with a polytomous response (multiple-choice test with open reasons) can provide information 

on actual student competencies. It is evidenced by the suitability of the results of classical and 

modern analysis.So, the condition that must exist so that an instrument with a response 

polytomus can be used to determine students' abilities is the suitability of the results of the 

analysis between classical and modern theories. 

   
Recommendation 

Based on the research results, there are several recommendations for teachers, schools, and 

other researchers. For teachers, teachers should familiarize students with giving a test in the 

form of a polytomous response before giving the test. For schools, principals or other leaders 

should encourage other teachers to take advantage of this test, and develop other assessment 
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instruments. For other researchers, they should conduct research by developing instruments 

with other polytomous responses (assessment of learning and assessment as learning) on 

other materials.In addition, for further research, conduct a study that develops an assessment 

instrument with a learning response polytomus (pretest). This is important, so that students' 

prior knowledge can be known so that learning can be effective. 

  
Limitations 

The research carried out has several limitations. Firstly, the selected schools have not been 

the researchers' expectations, for example representing schools with high, medium, and low 

quality. In addition, during the collection of research data that begins with learning, it is not 

fully controlled by the researcher, so the students who are the research samples are less 

conditioned. The research is only limited to algebraic material (sequences and series, 

matrices, equations, and quadratic functions), and does not represent other mathematical 

materials, such as geometry and statistics. 
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No Reviewer Code Reviews Corrections made by the author 

1. R2612 Title:  
The title should be “The development 
of an assessment instrument using 
Polytomous response in mathematics” 
 

Title:  
The Development of an Assessment Instrument Using Polytomous 

Response in Mathematics 
 
 

2. R2612 Abstract: 
Please use past tense in the abstract. 
For example, write showed instead of 
show. Use “Questionnaire was to 
identify” instead  of “Questionnaire is 

to identify 

Abstract: 
The study was conducted in three vocational schools in Lampung, Indonesia. 
The study involves 413 students consisting of 191 male students and 222 
female students. The data were collected through questionnaires and tests. 
Questionnaire was to identify instruments commonly used by teachers so far 
and to validate instruments by experts. The test used multiple-choice tests with 
open reasons as many as 40 items. The data were analyzed in two ways, namely 
analysis with classical and modern theories.  (p.1) 

3. R2612 Introduction: 
The revisions to my previous 
comments are not satisfactory. The 
introduction was shortened but its 
current version does not still explain 
what the problem is. From the authors’ 

writing, we do not have adequate 
information about the strengths and 
weaknesses of the existing 
instruments. The explanations are 
superficial.  
 
My previous questions remain valid. 
What do we know about the existing 
instruments? What do we need to 
know about the existing instruments?   
 

Introduction: 
What do we know about the existing instruments? 
Each type of test has strengths or weaknesses with each other. The strength of 
multiple-choice tests over essays is that multiple-choice tests can be conducted 
for many students, are more objective, and the test results can be known more 
quickly; but has a weakness, namely the multiple choice test is not able to see 
the actual abilities of students and the answers tend to guess or try it out 
(Rosidin, 2017). In addition, the strength of the multiple choice test has a 
scoring certainty compared to the essay test, namely 1 and 0 (Getting a score of 
1 for the correct answer, and a score of 0 for the wrong answer choice). (p. 2) 
 
researchers have found weaknesses in the test, such as students' misconceptions 
cannot be known in detail (Antara, et al., 2019), the test instrument is difficult 
to construct (Khusnah, 2019), student answers are still guessing (Myanda, et 
al., 2020). However, there are strengths in the closed polytomous response test, 
such as  the consistency of student answers errors is easy to observe (Treagust, 
1988), and The suitability between the student's answer choices and the reason 
is easy to know (Diani, et al., 2019). (pp. 3-4) 
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However, this classical theory has a weakness, namely it cannot separate the 
characteristics of students and items, also the characteristics of items will 
change when students change. So, classical theory is considered less able to 
provide information about students' actual abilities. (p. 5) 
 

What do we need to know about the existing instruments?   
To reduce the weakness of the closed polytomous response test, the experts 
modified the test to be the open polytomous response test. (p. 4) 
 
Until now, research on the open polytomous response test is still very limited,  
(p. 4) 
 
Because there is still limited research on the open polytomous response test, it 
is necessary to conduct research on research subjects with other characteristics. 
This research was conducted on students in vocational schools who have 
different characteristics from students in college or high school. The 
characteristic difference is students in vocational schools place mathematics as 
a secondary subject, while students in colleges and high schools place 
mathematics as a primary subject (Oktaria, 2016). In addition, graduate 
students in vocational schools are more oriented towards practical abilities and 
skills, and in contrast to graduate students in colleges and high schools are 
academically oriented (Permendikbud, 2016). Therefore, it is reasonable to 
conduct research by developing the open polytomous response test for students 
in vocational schools. The test instrument developed must be accountable as a 
condition of a good test, and it is necessary to analyze the quality of the item 
(Rosidin, 2017). (p. 4) 
 
Therefore, experts suggest that the test instrument is accountable, the quality of 
the items must be good according to the analysis of classical and modern theory 
(p. 5) 
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4. R2612 Method: 
Use the past tense “The instrument is 

validated by two people…” 
 

Method: 
The instrument was validated by two people 

5. R2612 Discussion: 
I could not understand “The similarity 

of Sarea's research is safe…” 
 
The word “the product” is not 
acceptable in an educational paper. - 
“Although the products are different 

…”. 
 

Discussion: 
“The similarity of Sarea's research is safe…”  
[The word "safe" removed] 
The similarity with Sarea's research lies in the research objectives and the 
analysis used (classic and modern). (p. 26). 
 
“the product” is not acceptable in an educational paper. - “Although the 

products are different …”.  
[The word "product" is removed, and the sentence is corrected] 
Likewise with Saepuzaman's research the closed polytomous response test 
provide confidence that items that are not good according to classical theory are 
actually good items according to modern theory. The results of previous studies 
have provided support for the development of instruments on the polytomus 
response test, ... 

 
6.. R2612 Conclusion: 

The new knowledge is not explained in 
the literature?  
 
Rewrite – “the condition that must 

exist so that an instrument with a 
response polytomous can be used to 
determine students' abilities is the 
suitability of the results of the analysis 
between classical and modern 
theories” 
 

Conclusion: 
[The sentence at the conclusion is changed] 
...... So, the test instrument requirements are accountable (qualifies for a 
good test) is a good test instrument according to the analysis of the two 
theories (classical and modern theory)  (p. 27) 
 
It is based on the literature: 
Therefore, experts suggest that the test instrument is accountable, the 
quality of the items must be good according to the analysis of classical 
and modern theory (Retnawati, 2014).   (p. 5)  

7. R2612 Language: 
The use of the language is still 
problematic. 

Language:  
Overall, the sentence in the article has been improved. 
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8. R2612 Test: 
The developed instrument should 
be given in an appendix.  
 

Test: 
The developed instrument is already in the appendix. 
Appendix  
Instrument of the Open Polytomous Response Test  (pp. 33-36) 
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The Development of an Assessment Instrument Using Polytomous 
Response in Mathematics 

 
 
 
Abstract: This research is development research aimed to produce a good instrument of 

assessment in mathematics using polytomous response according to classical and modern 

theories. This research design uses the Plomp model which consists of five stages, namely: 

preliminary investigation, design, realization or construction, trial, revision, and 

implementation (testing). The study was conducted in three vocational schools in Lampung, 

Indonesia. The study involves 413 students consisting of 191 male students and 222 female 

students. The data were collected through questionnaires and tests. Questionnaire was to 

identify instruments commonly used by teachers so far and to validate instruments by experts. 

The test used multiple-choice tests with open reasons as many as 40 items. The data were 

analyzed in two ways, namely analysis with classical and modern theories. The results show 

that the open polytomous response test have a good category according to classical and 

modern theory, and the open polytomous response test can provide information on the actual 

competence of students; this is observed in the students' arguments in giving reasons for their 

choices. Therefore, the open polytomous response test can can be used as an alternative to  

learning assessment.  

 
Key words: assessment for learning, classical and modern theory, multiple choice tests with     

  open reason, polytomous response, vocational school 
 
 
 

Introduction 

Assessment is an important activity and needs to be done by teachers in schools. The 

conventional paradigm often interprets the assessment as a way to find out the achievement 

of student learning outcomes as a whole, so that the assessment is positioned as a separate 

activity from the learning process (Sya20). If referring to the current paradigm, assessment in 

schools is divided into three parts, namely assessment as learning, assessment for learning, 

and assessment of learning (Wul18). Assessment as learning has almost the same function as 

assessment for learning but assessment as learning involves students in assessment, such as 



Attachments:  Revision 2_Article Sugeng Sutiarso et al.docx          Sun, Mar 13, 2022 at 7:51 PM                                                         
 
 

2 
 

assessing themselves or colleagues. Assessment of learning is an assessment carried out after 

all learning ends and aims to assess student achievement. Assessment for learning is an 

assessment carried out during the learning process and aims to improve learning. It can play a 

role in preventing students from experiencing further learning failure because of its position 

between the other two assessments (Ear13) as shown in the following assessment pyramid 

(Figure 1). 

 

Figure 1. Assessement Pyramid 
 

Assessment activities can be applied with tests. A test is a tool or procedure used to find out 

or measure students' abilities about something with certain rules (Ari12). A test consists of 

two types, namely multiple choice and essay. Multiple choice test is a form of assessment in 

which each item provides an answer choice, and one of the choices is the correct answer. The 

essay test is a form of assessment that requires answers in sentences or words. Each type of 

test has strengths or weaknesses with each other. The strength of multiple-choice tests over 

essays is that multiple-choice tests can be conducted for many students, are more objective, 

and the test results can be known more quickly; but has a weakness, namely the multiple 

choice test is not able to see the actual abilities of students and the answers tend to guess or 

try it out (Ros17). In addition, the strength of the multiple choice test has a scoring certainty 

compared to the essay test, namely 1 and 0 (Getting a score of 1 for the correct answer, and a 

score of 0 for the wrong answer choice). Multiple choice tests with only two answer choices 

are called dichotomous tests, and multiple choice tests with more than two answer choices are 

called polytomous tests (Kar08).  
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Until now, multiple choice tests are still widely used by teachers to assess students' abilities, 

especially students with a large number and wide area. To reduce the weakness of multiple 

choice tests, in the last four decades, experts have developed multiple choice tests by 

combining multiple choice tests and essays into multiple choice tests with reasons, and called 

polytomous tests with responses; or abbreviated the polytomous response test (Suw12). The 

polytomous response test score is 1-4. Score 4 for the correct answer and reason, score 3 for 

correct answer but wrong reason, score 2 for wrong answer but correct reason, and score 1 for 

wrong answer and reason (Kar08). 

In the 80s, the first time that was focused on and developed by experts was the closed 

polytomous response test (Tre88), and this test aims to diagnose misconceptions in biology, 

physics, and chemistry. This test consists of two levels; The first level is choosing answers on 

the multiple choice test, and the second level is choosing reasons based on the answer choices 

at the first level (Cha07). Several studies on the closed polytomous response test have been 

carried out, such as tests on light and optical materials (Wid18), test on calculus material 

(Khi18), test on acid and base material (And20), test on reasoning material (Placeholder2), 

test on human digestive system material (Jam21), test on mathematical connection material 

(Les21). Meanwhile, the development of multiple-choice tests with open reasons is still 

limited, namely mathematics in calculus (Yan17), and outside mathematics, namely physics 

in Higher Order Thinking Skills (Pra19).  Although the closed polytomous response test has 

been widely developed, researchers have found weaknesses in the test, such as students' 

misconceptions cannot be known in detail (Ant19), the test instrument is difficult to construct 

(MKh19), student answers are still guessing (Mya20). However, there are strengths in the 

closed polytomous response test, such as  the consistency of student answers errors is easy to 

observe (Tre88), and The suitability between the student's answer choices and the reason is 

easy to know (Dia19). 
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To reduce the weakness of the closed polytomous response test, the experts modified the test 

to be the open polytomous response test. The open polytomous response test is a form of 

multiple choice test that provides a place to write arguments for the answer choices (Ret14). 

Until now, research on the open polytomous response test is still very limited, such as tests on 

calculus material in universities (Yan17), and tests on physics material in high school 

(Pra19). Because there is still limited research on the open polytomous response test, it is 

necessary to conduct research on research subjects with other characteristics. This research 

was conducted on students in vocational schools who have different characteristics from 

students in college or high school. The characteristic difference is students in vocational 

schools place mathematics as a secondary subject, while students in colleges and high schools 

place mathematics as a primary subject (Okt16). In addition, graduate students in vocational 

schools are more oriented towards practical abilities and skills, and in contrast to graduate 

students in colleges and high schools are academically oriented (Per162). Therefore, it is 

reasonable to conduct research by developing the open polytomous response test for students 

in vocational schools. The test instrument developed must be accountable as a condition of a 

good test, and it is necessary to analyze the quality of the item (Ros17). 

There are two theories in analyzing item quality, namely classical and modern theory. 

Classical theory is a measurement theory for assessing tests based on the assumption of 

measurement errors between actual results and observations, and from the assumption, a 

formula for calculating the level of difficulty and item discrimination was developed 

(Ham93). Modern theory is a measurement theory to assess students' abilities by comparing 

students' abilities with their group abilities, and is known as Item Response Theory/IRT 

(Ham82).  Classical theory is widely used by teachers because it is easy to apply. However, 

this classical theory has a weakness, namely it cannot separate the characteristics of students 

and items, also the characteristics of items will change when students change. So, classical 
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theory is considered less able to provide information about students' actual abilities. Modern 

theory is a solution to overcome the weaknesses of classical theory, because in modern theory 

an item does not affect other items (local independence), and items only measure one 

dimension/unidimensional (Ani13) , and an item eliminates the relationship between 

respondents and items (parameter invariance) (Sae21). Therefore, experts suggest that the test 

instrument is accountable, the quality of the items must be good according to the analysis of 

classical and modern theory (Ret14). 

This research is a development research that aims to produce a good open polytomous 

response test according to classical and modern theory. The problem formulations proposed 

are (1) does the open polytomous response test have a good category according to classical 

and modern theory?, and (2) can the open polytomous response test provide information on 

the actual competence of students?. 

 

Methodology 

Research Design 

This research is a research and development that refers to Plomp’s model (Plo13) with the 

research procedure consisting of five stages, namely preliminary investigation, design, 

realization or construction, test phase, revision, and implementation (test). 

 

 
 
 
 
 

 
 

Figure 2. Stages of Research Design 

 

Realization/construction Design Preliminary investigation 

Implementation (Test) Revision 
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The preliminary investigation stage is to identify the assessment instruments used by teachers 

so far. The design stage is to make the open polytomous response test grid according to the 

basic competencies of mathematical concepts and to make an expert assessment 

questionnaire sheet. The realization or construction stage is developing the items test, and 

also the expert validation process for the items test. The revision stage is the improvement of 

items test based on expert advice. The implementation (test) stage is to try out the test to 

students, and analyze the results of the test. 

 
Research Subject 

The subjects of the study are students of a vocational school in the province of Lampung, 

Indonesia. The research sample is determined using a non-probability sampling technique in 

the form of accidental sampling. It means taking the subject based on a subject that is easy to 

find and ready to be a respondent (Mal06). The selected schools are three schools as 

representatives, namely the Mitra Bhakti vocational school, the Praja Utama vocational 

school, and the Ma'arif NU vocational school. The research subjects are 413 students at grade 

I (male students = 191, and female students = 222), whose mathematical abilities on the 

National Exam (NE) were categorized as moderate (average 64.67 from the ideal score of 

100). The following are the characteristics of the research subjects in detail shown in Table 1. 

 
 
 

 

Table 1. Research Subjects 

Vocational 
Schools Grade 

The Number of Students 
Average of NE 

Total Male  Female 

Mitra Bhakti 
I-A 13 5 8 64.24 
I-B 23 10 13 62.4 
I-C 29 9 20 65 

Praja Utama 

I-A 40 40 0 64 
I-B 39 39 0 64.62 
I-C 43 15 28 68.72 
I-D 38 15 23 67.9 
I-E 41 14 27 67.56 
I-F 40 17 23 63.38 
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I-G 40 8 23 67.74 

SMK Ma’arif NU 
I-A 31 14 17 62.1 
I-B 36 5 51 58.34 

Total 413 191 222  64.67 
 
 
Data Collecting Technique 

Data were collected using a questionnaire and test. The questionnaire contains several 

questions to the teacher about the instrument for assessment used by the teacher and also 

expert validity of the instrument developed and to determine content validity (Suh21). The 

instrument was validated by two people who have expertise in mathematics and educational 

evaluation. The three aspects assessed by the expert are the suitability of the items with the 

indicators, language, and alternative answers to the questions. The score in validating the 

instrument follows the criteria as in Table 2 below. 

Table 2. Content Validity Score 

Description Score 
Irrelevant 1 

Quite relevant 2 
Relevant 3 

Very relevant 4 
 

 
After determining content validity, the instrument was tested on students. Then, it was 

continued by determining the validity of the construct and its reliability, with the aim that the 

instrument can be further analyzed. 

 
The instrument used was the open polytomous response test which consisted of 40 questions 

on the concepts of sequences and series (arithmetic and geometry), quadratic equations and 

functions, and matrices. Each item contains five answer choices along with the reasons. 

Student answers score refers to the polytomous score in the Partial Credit Model, where 

answer choices and reasons are related (Ret14), as shown in Table 3 below. 

Table 3. Student Answers Score 

Student Answers Score 
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Answer Options Reason 
False False 1 
False Right 2 
Right False 3 
Right Right 4 

 
 
Data Analysis 

The research data obtained are analyzed in two stages, namely (1) questionnaire data analysis 

(qualitative analysis), and (2) test data analysis (empirical analysis). The following is an 

explanation of each data analysis. 

1. Questionnaire data analysis (qualitative analysis) 

The questionnaire data analyzed include two parts, namely identification data on the 

instruments used by the teacher and expert validation data. The identification data on the 

instrument are analyzed descriptively, and the expert validation data are analyzed for 

trends or expert agreement using the Gregory formula (Gre15), namely: 

 

         V = 
𝐷

𝐴+𝐵+𝐶+𝐷
 

 
Description: 
   V = Content Validity 
   A = Rater 1 and 2 are weak 
   B = Rater 1 is strong, and rater 2 is weak 
   C = Rater 1 is weak, and rater 2 is strong 
   D = Rater 1 and 2 are strong 
 
 
The interpretation of Gregory's formula is that the number V is in the range 0 - 1. The 

higher the number V (close to 1 or equal to 1), the higher the value of the validity of an 

item. Conversely, the lower the number V (close to 0 or equal to 0), the lower the value of 

the validity of an item. 

2. Test data analysis (empirical analysis) 

After the content validity test, it is followed by construct validity and reliability tests. The 

construct validation test uses exploratory factor analysis. The instrument is considered to 
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have a good construct if the explained Kaiser-Meyer-Olkin (KMO) value is more than 0.5 

(Ret14). Reliability test using Cronbach's Alpha formula. The instrument is said to have 

good reliability if the coefficient value of Cronbach's Alpha is 0.60 (Ari12). If the 

instrument has good construct validation, further tests can be analyzed, namely the level of 

difficulty and item discrimination. The reason for analyzing the level of difficulty and item 

discrimination is because they are both preliminary analyzes of the assumptions of 

measurement theory  (Ham93).  To simplify the process of analyzing the level of difficulty 

and item discrimination, the Iteman program is used for classical theory, and the Winsteps 

program for modern theory (Sar19). The Winsteps program is used because it has several 

advantages (Unt20), namely, it can analyze polytomous data and can analyze the 

maximum likelihood model using a 1-parameter logistic model. 

2.1  Analysis of test data with classical theory 

a. The item difficulty level is the percentage of the number of students who answer 

the questions correctly or incorrectly. The difficulty of a good (medium) item is if 

the index is in the range of 0.3 to 0.7. If the index is below 0.3 then the item is 

difficult, and vice versa if the index is above 0.7 then the item is easy. 

b. Item discrimination is the item's ability to distinguish high-ability students from 

stupid, low-ability students. Good item discrimination if it has an index above 0.3; 

and if the item discrimination index is below 0.3 then the item needs to be revised  

(Ari12). 

2.2  Analysis of test data with modern theory 

a. The item difficulty level is the level of the student's latent trait towards the item. 

The difficulty of the items identifies the ability of about 50% of respondents who 

are expected to answer items correctly (DeM10). An item is said to be good if it 

has an index between -2 and +2 (Ham85). If the index is close to -2, then the item 
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is classified as very easy, and if the index is close to +2, the item is classified as 

very difficult (Ret14). In the Winsteps program, the item difficulty level is in the 

Measure column. 

b. Item discrimination is indicated by the slope of the curve on the item 

characteristics. The item is said to have good discrimination if the slope of the 

curve is moderate (not too gentle or steep), because if the slope of the curve is too 

gentle or steep, then the item is not good. Another opinion states that a good index 

is above 0.4 (Cro86). In the Winsteps program, the item discrimination is in the Pt-

Measure Corr column. 

According to modern theory, before analyzing the level of difficulty and item discrimination, 

three assumptions must be tested, namely unidimensional, local independence, and model fit 

(Ham91). Unidimensional means that each test item only measures one ability. There are 

three ways that are often used to test unidimensionality, namely the analysis of the Eigen 

values of the correlation matrix between items, the Stout-test on the unidimensional 

assumption test, and the index based on the residuals on the unidimensional solution 

(DeM10). In this study, the dimensional test uses the Eigen value analysis of the correlation 

matrix between items. 

 
Local independence is the state of the respondent's answer to an item that is not influenced by 

other items. Local independence test by proving that the probability of the respondent's 

answer pattern is the same as the probability of the respondent's answer on each item. If the 

unidimensional assumption has been met, the local independence assumption has also been 

met (DeM10). Model fit test to find out whether the model used is in accordance with the 

items. Test the fit of the model by measuring Outfit Mean Square (MNSQ) and Pt-Measure. 

If the Outfit MNSQ value is 0.5 to 1.5 and the Pt-Measure Corr is positive, it is said that the 

item fits the model (Lin12). In addition, the information function and standard error 



Attachments:  Revision 2_Article Sugeng Sutiarso et al.docx          Sun, Mar 13, 2022 at 7:51 PM                                                         
 
 

11 
 

measurement (SEM) are analyzed which aims to further explain the latent ability as measured 

by using a test that is expressed through item donations. 

 
Findings/Results 

 
Analysis of Questionnaire Data 

Based on the results of the questionnaire, it is found that so far the teacher has never used the 

polytomous response instrument with a multiple-choice test with open reasons. As many as 

80% of teachers use essay tests and 20% of teachers use multiple choice tests, with each 

instrument consisting of 2-5 items. In addition, about 10% of teachers use this assessment as 

a learning improvement, such as improving lesson plans and teaching models/methods. The 

results of the questionnaire stated that 90% of teachers who do not use assessment as an 

improvement in learning are caused by several aspects, such as teachers are not 

understanding assessment (20%), teachers are not knowing how to analyze assessments 

(50%), and teachers are not knowing how to develop good assessment questions (30%). The 

following is a summary of the questionnaire data from the identification of assessment for 

learning instruments. 

 

 
Figure 3. Description of Teacher Condition in Assessment for Learning 

 
 
Content Validity 

The results of the two expert assessments show that the content validation instrument is good. 

Furthermore, the analysis of expert judgment agreement with the Gregory Index formula is 
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obtained as shown in Table 4 below. 

Table 4. Index Gregory Items 
 

 Rater 1 
weak strong 

Rater 2 
weak 0 0 
strong 0 40 

Index Gregory 1 
 

 
Based on the results of the assessment in Table 4, it can be concluded that the instrument is 

valid because the value of V reaches a value of 1. Therefore, the instrument test can be 

continued. In addition to providing assessments, the experts also provide some suggestions 

for improvements to the instrument, namely the preparation of questions using the ABCD 

format (Audience, Behavior, Competence, and Degree), avoiding the use of ambiguous 

language or statements, improving mathematical concepts, making alternative answer choices 

that are misleading, and arrange them in order. 

 
Analysis of Test Data 

Construct Validity 

After testing the instrument, it is followed by a construct validity test. The results of the test 

with exploratory factor analysis are shown in Table 5. 

Table 5. Exploratory Factor Analysis 

KMO and Bartlett's Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
Bartlett's Test of Sphericity Approx. Chi-Square 1936.378 

Df 780 
Sig. .000 

 
Based on Table 5, the explained KMO value is 0.76 (more than 0.5), and it can be concluded 

that the variables and samples used to allow for further analysis. 

 
Reliability 

The results of the estimation of the reliability of the instrument obtained the Cronbach's 
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Alpha coefficient value of 0.89 (more than 0.6). It means that the instrument has good 

reliability so that the analysis of the level of difficulty and item discrimination can be 

continued according to the classical and modern methods. 

Table 6. Item Reliability 

Cronbach’s Alpha N of Items 
0.892 40 

 
 
Analysis of Test Data with Classical Theory 

Analysis of test data with classical theory does not require testing assumptions, but the 

analysis of the level of difficulty and item discrimination can be directly calculated. The 

results of the analysis of the level of difficulty and item discrimination are obtained as shown 

in Table 7 below. 

Table 7. Level of Difficulty and Item Discrimination 
Item Level of 

difficulty 

Category Discrimination Category Item Level of 

difficulty 

Category Discrimination Category 

1 0.538 good 0.196 Revised 21 0.482 good 0.143 revised 

2 0.487 good 0.179 Revised 22 0.535 good 0.429 good 

3 0.528 good 0.214 Revised 23 0.492 good 0.250 revised 

4 0.540 good 0.304 Good 24 0.438 good -0.071 revised 

5 0.489 good 0.089 Revised 25 0.436 good -0.107 revised 

6 0.446 good -0.161 Revised 26 0.385 good -0.286 revised 

7 0.438 good -0.232 Revised 27 0.383 good -0.321 revised 

8 0.453 good -0.143 Revised 28 0.416 good -0.143 revised 

9 0.414 good -0.143 Revised 29 0.458 good -0.125 revised 

10 0.409 good -0.339 Revised 30 0.385 good -0.375 revised 

11 0.438 good -0.143 Revised 31 0.404 good -0.321 revised 

12 0.436 good -0.036 Revised 32 0.433 good -0.250 revised 

13 0.400 good -0.321 Revised 33 0.441 good 0,036 revised 

14 0.450 good -0.036 Revised 34 0.424 good -0.268 revised 

15 0.462 good 0.250 Revised 35 0.412 good -0.321 revised 

16 0.453 good -0.089 Revised 36 0.431 good -0.304 revised 

17 0.416 good -0.143 Revised 37 0.404 good -0.232 revised 

18 0.419 good -0.196 Revised 38 0.363 good -0.482 revised 

19 0.431 good -0.232 Revised 39 0.230 good -0.929 revised 

20 0.441 good -0.089 Revised 40 0.211 good -1.071 revised 

 
 
Based on Table 7, it is found that all items have an item difficulty level in the index range of 

0.3 to 0.7, so they are included in the good category. Meanwhile, only two items on 
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discrimination have good categories, and the remaining items need to be revised. The results 

indicate that all items are good based on the level of difficulty, but almost all items need to be 

revised for item discrimination. 

 
Analysis of Test Data with Modern Theory 

Unidimensional Assumption Test 

The unidimensional assumption test is the first assumption test with factor analysis. Factor 

analysis begins by testing the adequacy of the sample to be used in the analysis, constructing 

a variance-covariance matrix, then calculating the eigenvalues. The eigenvalue is then used to 

calculate the percentage of explained variance, as well as describe the scree plot (Ret14). The 

output of factor analysis is the Kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO) 

statistic and scree plot. 

Table 8. KMO Test 

KMO Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
 Sig. .000 

 
 
The unidimensional test is based on the cumulative percentage of eigenvalues and scree plots. 

If the cumulative percentage of eigenvalues in the first factor is more than 20%, then the 

unidimensional assumption is accepted (Ret14). In Table 9, it can be seen that the cumulative 

percentage of the eigenvalues in the first factor is 20.220%. The cumulative percentage of the 

eigenvalues has exceeded 20%, so the instrument in the study is proven to only measure one 

factor or dimension. 

Table 9. Total Variance Explained 

Component 
Initial Eigenvalues 

Total Variance (%) Cumulative (%) 
1 8.088 20.220 20.220 
2 1.458 3.646 23.865 

 
 
In addition, the unidimensional test can also be seen on the scree plot which is based on the 
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number of factors marked by the steepness of the graph with the acquisition of eigenvalues. 

 

Figure 4. Scree Plot Unidimensi 
 
 
Based on the scree plot, it is known that the eigenvalues immediately slope on the second 

factor. It shows that there is only one dominant factor in the developed instrument. The 

results prove that the test kit meets the unidimensional assumption or in other words only 

measures one dominant factor. 

Local Independence Assumption Test 

The local independence assumption test will be accepted if the respondent's answer to one 

item does not affect the respondent's answer to another item. Thus, the score of one item 

should not be determined or dependent on the scores of other items. It confirms that the 

assumption is automatically proven after being proven by the unidimensionality of the 

respondent's data on a test (Ret14). 

Table 10. Covariance Matrix 

 K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 

K1 0.0486                

K2 0.012 0.0042               

K3 0.0105 0.0034 0.0032              

K4 0.0317 0.0106 0.0093 0.0293             

K5 0.01 0.0032 0.0029 0.0085 0.0028           

K6 0.0069 0.0023 0.0021 0.0062 0.002 0.0016         

K7 0.0036 0.0011 0.0009 0.0028 0.0009 0.0007 0.0004       

K8 0.0041 0.0015 0.0012 0.0037 0.0011 0.0008 0.0004 0.0006     

K9 0.0074 0.0024 0.0022 0.0065 0.002 0.0015 0.0007 0.0009 0.0017   
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K10 0.021 0.0061 0.0054 0.0148 0.0051 0.0039 0.0017 0.0025 0.0043 0.0196 

 
 
Data in Table 10 shows the results of the variance-covariance values between groups of 

students' abilities. It can be seen that the covariance value between the ability interval groups 

located on the diagonal is small and close to zero. It can be concluded that there is no 

correlation, so it can be said that the local independence assumption test is accepted. 

Model Fit 

The model fit test is analyzed using the Winsteps program. The item requirements are called 

fit to the model if the Outfit MNSQ value is 0.5 to 1.5 and the Outfit ZSTD value is -2 to 2, 

and the Pt-Measure Corr is positive, then it can be said that the item fits the model (Sum15). 

An item is considered fit if one of the conditions is accepted. In addition, it can also be seen 

from the MNSQ infit of 0.77 to 1.3, but at this stage, the fit of the model is only taken on the 

MNSQ and Pt-Measure outfit values. Based on the results of the analysis, all items match the 

model or fit (Table 11). 

 
 
 
 
 

Table 11. Item Fit on Model 
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Difficulty Level 

The item difficulty level is analyzed using the Winsteps program, and the results obtained can 

be presented in Table 12 (Measure column). The item difficulty level is in the range of -0.70 

to 0.84.  From Table 12, the highest difficulty level is item 40 (difficulty level 0.84), and the 

lowest difficulty level is item 1 (difficulty level -0.70). Since the difficulty level is in the 

range of -2 and 2, it can be concluded that all items are in the good category. If further 

divided into three categories, the difficulty level of items in the range of -0.7 to 0.84 is 

moderate (Sum15). It can also be seen on the difficult map items, namely the difficulty level 

is in the range of -2 and 2. 

 

 

Table 12. Item Difficulty Level 
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Figure 5. Item Difficulty Map 
Item Discrimination 
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The item discrimination analysis used the Winsteps program and the results are presented in 

Table 13 (column PT-Measure Corr). Item discrimination is in the range of 0.23 to 0.74; with 

details of 27 items having an index above 0.4 (good category), and 13 items having an index 

below 0.4 (bad category). However, the 13 items can be used as an instrument as long as the 

index is above 0 (Placeholder1). 

Table 13. Item Discrimination 

 
 
Comparative Analysis between Classical and Modern Theory 

The results of the analysis of classical and modern theory obtained the index of difficulty 

level and item discrimination as follows. 

 

Table 14. Analysis Classical and Modern Theories 

Parameter Classical Theory Modern Theory 
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Many Items with 
Good Category 

Percentage Many Items with 
Good Category 

Percentage 

Difficulty level 40 100 40 100 
Item discrimination 2 0.05 27 67.5 

 
 
Based on Table 14, the level of item difficulty analyzed by classical and modern theory has 

the same results (good category). However, item discrimination using modern theory has 

more items in good category than using classical theory. If we compare the index of 

discriminatory items between classical (Table 7) and modern (Table 13), it can be seen that 

there is a match between the categories of item discrimination. It means that if the item 

discrimination is not good with the classical theory, then the item discrimination is also not 

good with the modern theory (13 items correspond to the item discrimination index, and 27 

do not match). 

Information and Measurement Error (SEM) Function 

The function of information to reveal latent ability is measured by using a test that is 

expressed through item donation. The test information function is also the sum of the 

functions of each item. The information function is inversely proportional to measurement 

error or Standard Error Measurement (SEM). The value of the information function of the 

test device will be high if the items that make up the test have a high information function. 

The following is a picture of the curve of the relationship between the information function 

and SEM. 

 

 
 

Figure 5. Graph of Information Function and Measurement Error 
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Figure 5 shows that the instrument provides a maximum of 22.36 information and has the 

smallest measurement error of 0.21 if it is given to students with moderate ability, which is 

0.2. The lower limit and upper limit of the interval is the ability score where the graph of the 

information function and the SEM graph intersect in that interval. The graph indicates that 

the greater the value of the information function, the smaller the measurement error (SEM). 

Item information function states the strength or contribution of test items in revealing the 

latent trait as measured by the test. With the item information function, it is known which 

items match the model, thus helping in the selection of test items (Ret14). In conclusion, the 

characteristics of the test kit are suitable for students with moderate abilities. 

 
Based on the test results, in addition to knowing the quality of the developed test instruments, 

it can also be seen the ability of students to work on the questions given. Instrument analysis 

is based on two patterns of student answers that have the same tendency based on Bloom's 

Taxonomy (Blo56). A total of 6 student answers were selected as samples with different 

abilities (high, medium, and low). 

 
Item 1: the cognitive domain to be achieved is C2 (Understanding). Based on students' 

answers, the two dominant patterns of student answers are (1) students have understood the 

general form of arithmetic sequences and know the first term and other terms, and (2) 

students have not been able to formulate general forms in arithmetic sequences and perform 

algebraic operations on general forms. arithmetic sequence. 

Question 1: Pattern 1: Pattern 2: 
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Figure 6. Student Answers in Item 1 
 

 
Item 2: the cognitive domain to be achieved is C2 (understanding). Based on students' 

answers, the two dominant patterns of student answers are (1) being able to understand and 

determine the number of terms in a sequence by using the general formula for an arithmetic 

sequence or determining the number of arithmetic sequences without using a general formula 

(only writing down all the terms from the first term until the last term), and (2) students who 

can already use the general formula for arithmetic sequences but have not been able to 

determine the number of arithmetic sequences because of errors in performing algebraic 

operations on general arithmetic sequences. 

Question 2: Pattern 1 Pattern 2 

 
  

Figure 7. Student Answers in Item 2 
 
 
Item 3: the cognitive domain to be achieved is C3 (applying). Based on students' answers, the 

two dominant patterns of student answers are (1) students have understood and determined 

the difference or difference between two non-adjacent arithmetic sequences using the general 

formula for arithmetic sequences, and (2) other students can determine the number of 

arithmetic sequences even though they are not using a general formula or by writing the 

terms of the known terms and inserting several terms. 

Question 3: Pattern 1 Pattern 2 
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Figure 8. Student Answers in Item 3 
 
 
Item 4: the cognitive domain to be achieved is C3 (applying). Based on students' answers, the 

two dominant patterns of student answers are (1) students have understood and can determine 

the nth term in an arithmetic sequence that is known to be two non-adjacent terms using the 

general formula for arithmetic sequences, and (2) students cannot determine the number of 

arithmetic sequences because it does not use a general formula, but by writing the terms of 

the known terms and inserting several terms and continuing until the nth term. 

Question  4: Pattern 1 Pattern 2 

 
  

Figure 9. Student Answers in Item 4 
 
  
Item 5: the cognitive domain to be achieved is C1 (remembering). Based on students' 

answers, the two dominant patterns of student answers are (1) students have understood and 

determined the middle term of an arithmetic sequence, and (2) students can determine the 

middle term of an arithmetic sequence but do not use general formulas, but by writing the 

terms from known terms and inserts several terms and then defines them. 

 

 

Question 5: Answer Pattern 1 Answer Pattern 2 
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Figure 10. Student Answers in Item 5 
 
 
Description of Instrument Development and Student Ability 

The instrument developed from this research is the open polytomous response test and all 

parameters have been accepted. This instrument is a combination of multiple choice test and 

essay. Multiple choice tests are easier to check students' answers but students' mathematical 

thinking processes cannot be known in depth. While the essay test has the advantage of being 

able to find out deeper mathematical thinking processes but it takes a long time to check the 

answers. 

 
Assessment of learning instruments that have been carried out with item analysis and the 

results of student analysis is one of the important sources of composite scores to be reported. 

In the final report, the test taker's ability score should be changed to a score of 0 - 10 from 0 - 

100, according to the needs of the school. The transformation uses a linear transformation by 

dividing the score by the ideal score and then the result is multiplied by 10 to get a value in 

the range 0 – 10 or multiplied by 100 to get a score of 0 – 100. In the range 0 – 10, the score 

obtained by students taking the test the highest mathematics learning was 8.56 and the lowest 

was 4.31. In the range 0 – 100, the scores obtained by students with the highest mathematics 

is 85.625 and the lowest is 43.125. 

 
The results of the assessment of students' mathematical abilities are presented in the form of 

very low to very high predicates. The results of the test analysis show that most students have 

low and very low abilities, namely 62% (253 students). Meanwhile, students who have high 
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and very high abilities are 38% (160 students). The results of another analysis find that 

students who have high abilities tend to work according to the concepts that have been given 

by the teacher but do not follow the completion steps, students who have moderate abilities 

can solve problems according to the concepts that have been given by the teacher and the 

steps, and there are students who have abilities but are not able to use the concepts given by 

the teacher and are not even able to give clear reasons.. 

 
Another result of this study is that teachers agree to provide learning assessments with 

multiple choice questions with open-ended reasons because the instrument is easier for 

teachers to find out students' difficulties in certain materials. In this way, teachers can also 

provide remedial or other assistance to students who have learning difficulties. It means that 

the polytomous response instrument can be used as a way to determine which students need 

remedial or not. In general, previous research states how to determine students who need 

remedial only one test, namely multiple-choice tests (Gie17)  or essays (Ana20). 

 

Discussion 

This research is development research to produce the open polytomous response test. The 

instrument is a multiple choice test with open reasons. This instrument is analyzed by 

classical and modern theory. There are differences in the results of the analysis between 

classical and modern theories, namely item discrimination. Classical theory analysis obtains 

38 items with bad criteria and only 2 items with good criteria. In contrast, modern theory 

analysis obtains 27 items with good criteria and 13 items with bad criteria. According to 

evaluation theory, modern theory aims to cover the weaknesses of classical theory. The 

results of classical theory analysis are often categorized as not good but the results of the 

modern analysis are categorized as good, and vice versa (Ret14). It means, if you find items 

that are not in a good category with classical theory, do not be in a hurry to revise or replace 
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them before the analysis of modern theory analysis. 

   
Research on assessment for learning with the open polytomous response test is still limited. 

When compared to previous research, there is only one study on assessment for learning with 

polytomous responses (Yan17). However, Yang study has several fundamental differences, 

namely the research objectives and data analysis. The research aims to diagnose student 

errors in university on the concept of calculus, not to produce a good assessment instrument. 

The data analysis uses parametric statistics (covariance), not using item analysis (classical 

and modern). Since the objectives and data analysis are different, the results of the study 

cannot be compared with the results of this study. However, this research has provided a 

reference for researchers in making reasoned multiple choice tests, such as the suitability of 

items with indicators, language, and alternative answers to questions. 

 
Other studies are similar to assessment for learning with the open polytomous response test 

(Sar18).  The similarity with Sarea's research lies in the research objectives and the analysis 

used (classic and modern). However, the difference is the researchers do not develop their 

questions and the questions are in the form of the closed polytomous response test. The 

results of Sarea's research states that the comparison of the results of the classical and modern 

theory of item analysis is different. The difference is that the level of difficulty and item 

discrimination in the classical theory is more categorized as good than the modern method. In 

other words, the modern way of stating the level of difficulty and item discrimination is 

categorized as good even though the analysis method states that the items are categorized as 

not good. Likewise with Saepuzaman's research the closed polytomous response test provide 

confidence that items that are not good according to classical theory are actually good items 

according to modern theory. The results of previous studies have provided support for the 

development of instruments on the polytomus response test, and this test instrument can be 
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used as an alternative to all learning assessment (assessment: as learning, for learning, and of 

learning) for all vocational schools in Lampung, Indonesia and even outside Indonesia. 

 

Conclusion 

Based on the results of the research and discussion, conclusions are obtained, namely (1) the 

open polytomous response test have a good category according to classical and modern 

theory. So, the test instrument requirements are accountable (qualifies for a good test) is a 

good test instrument according to the analysis of the two theories (classical and modern 

theory), and (2) the open polytomous response test can provide information on the actual 

competence of students; this is observed in the students' arguments in giving reasons for their 

choices. this is observed in the students' arguments in giving reasons for their choices. 

Therefore, the open polytomous response test can can be used as an alternative to learning 

assessment.   

 
Recommendation 

Based on the research results, there are several recommendations for teachers, schools, and 

other researchers. For teachers, teachers should familiarize students with giving a test in the 

form of a polytomous response before giving the test. For schools, principals or other leaders 

should encourage other teachers to take advantage of this test, and develop other assessment 

instruments. For other researchers, they should conduct research by developing instruments 

with other polytomous responses (assessment of learning and assessment as learning) on 

other materials. In addition, for further research, conduct a study that develops an assessment 

instrument with a learning response polytomous (pretest). This is important, so that students' 

prior knowledge can be known so that learning can be effective. 

Limitations 
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The research carried out has several limitations. Firstly, the selected schools have not been 

the researchers' expectations, for example representing schools with high, medium, and low 

quality. In addition, during the collection of research data that begins with learning, it is not 

fully controlled by the researcher, so the students who are the research samples are less 

conditioned. The research is only limited to algebraic material (sequences and series, 

matrices, equations, and quadratic functions), and does not represent other mathematical 

materials, such as geometry and statistics. 
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Appendix 
 

Instrument of the Open Polytomous Response Test 
 

 
Name of  Student  : ………………………………. 

Class/Department : ………………………………. 

School    : ………………………………. 

 

Instructions :  Mark (x) one of the correct answer choices, and give the reason   
                         (use another piece of paper to write down your reason) 
 

1. Given an arithmetic sequence: 3, 8, 13, 18, ....  
The formula for the nth term of the sequence is .... 
A. Un = 5n – 3                C.    Un = 4n – 1 
B. Un = 5n – 2                D.   Un = 3n + 2 
C. Un = 4n – 1 
 
Reason: ..................................................... 
 

2.  Given an arithmetic sequence: 2, 5, 8, 11, …, 68.  
 The number of terms in the sequence is… 

A. 12                              D.   23 
B. 13                              E.   24 
C. 22 
 
Reason: ...................................................... 

3. An arithmetic sequence, the 5th term is 31 and the 
8th term is 46. The difference between the 
sequences is... 
A. 5                                D.    8 
B. 6                                E.   11 
C. 7 
 
Reason: ...................................................... 
 

4. The 4th and 9th terms of an arithmetic sequence are 
110 and 150. The 30th terms of the arithmetic 
sequence are... 

A. 308                            D.   344 
B. 318                            E.    354 
C. 326 

          
      Reason: .............................................................. 

5. An arithmetic sequence is: 3, 8, 13, 18, …, 103.  
Then the middle term of the sequence is … 
A. 53                             D.    11   
B. 52                             E.     10 
C. 20 
D. 11 
E. 10 
 
Reason: ....................................................... 
 

6.  Given the arithmetic sequence: 4, 10, 16, 22, …. .   
     If two  numbers are inserted in every two  
      consecutive terms then the 10th term of the sequence    
     is... 

A. 18                             D.   24 
B. 20                             E.   26 
C. 22 
 
Reason: ................................................................. 

 
7.   The nth term of an arithmetic series is Un = 3n – 5.  
       The formula for the sum of the first n terms of the 
       series is ... 

A. 𝑆𝑛 =
𝑛

2
(3𝑛 − 7)             D.    𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

B. 𝑆𝑛 =
𝑛

2
(3𝑛 − 5)             E.    𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

C. 𝑆𝑛 =
𝑛

2
(3𝑛 − 4) 

         Reason: ......................................................... 

8.  The sum of the first n terms of an arithmetic series.  
      Sn = n2 – 19n. The formula for the nth term of the  
     Series is...... 
       

A. 5n – 20                      D.   2n – 20 
B. 5n – 10                      E.    2n – 10 
C. 2n – 30 
 
Reason: .................................................................. 

9.  The sum of all integers between 100 and 300 which 
are divisible by 5 is ...𝑆𝑛 =

𝑛

2
(3𝑛 − 7) 

A. 8.200                               D.  7.600 
B. 8.000                               E.  7.400 
C. 7.800 
 
Reason: ........................................................ 
 

10.   PT. Angkasa Jaya in the first year produced 5,000 
units. In the second year, production was reduced 
by 80 units per year. In what year did the company 
produce 3,000 units? 
A. 24                               D.  27 
B. 25                               E.   28 
C. 26 
 
Reason: ............................................................... 
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11.  The middle term of an arithmetic sequence is 25.  
        If the difference is 4 and the 5th term is 21.  
         Then the sum of all the terms in the sequence is ... 

A. 175                                   D.   295 
B. 189                                   E.   375 
C. 275 
 
Reason: ........................................................ 
 

12. A number of candies are distributed among five 
children according to the rules of an arithmetic 
sequence. The younger the child, the more candy he 
gets. If the second child receives 11 pieces of candy 
and the fourth child 19 pieces, then the total number 
of candies is... pieces 
A. 60                               D.    75 
B. 65                               E.    80 
C. 70  
 
Reason: ................................................................. 

 
13. The sum of the first n terms of a series is 2n2-n.  
        So the 12th term of the series is... 

A. 564                                   D.   45 
B. 276                                   E.   36 
C. 48 
 
Reason: ................................................................... 
 

14. The number of terms in the geometric sequence:  
         3, 6, 12, ..., 3072 is ... 

A. 9                                 D.   12 
B. 10                               E.    13 
C. 11 

          
        Reason: ................................................................... 
 

15.   A geometric sequence has the 2nd term is 8, and 
the 5th term is 64. The 7th term of the sequence is 
... 
A. 32                                     D.   256 
B. 64                                     E.   512 
C. 128 
 
Reason: ................................................................... 
 

16. The value of the middle term of the geometric 
sequence:  
6, 3, …, 3/512  is … 
𝐴.  

1

16
                                  𝐷.  

4

16
 

𝐵.  
2

16
                                  𝐸.   

5

16
 

𝐶.  
3

16
     

Reason:............................................... 
 

17.   A piece of wire is cut with the first piece being 8 
cm, and the next piece 1.5 times the previous cut. 
Then the 5th piece is... cm 
A. 18                                     D.   35 
B. 24                                     E.   40,5 
C. 27,5 
 
Reason: .................................................................... 

 

18.  The sum of an infinite geometric series is 12 and the 
first term is 9. The ratio is ... 
A. 

3

4
                                     D.  −

1

2
 

B. 
1

4
                                     E.  −

3

4
 

C. 
1

3
 

 
        Reason: .................................................................. 
 

19. A  ball falls from a height of 10 m and bounces 
back 3/4 times its previous height. The total 
number of paths until the ball stops is....  m 
A. 60                                    D.   90 
B. 70                                    E.   100  
C. 80  

         
       Reason: ........................................................ 

 

20. Given [4 8 5
6 3 1

] = [
2𝑎 𝑏 + 𝑎 5
6 3 1

].  

 
The value of  3a + b is ... 
A. 8                                    D.   14 
B. 10                                  E.   20 
C. 12 

          
       Reason: ......................................................... 

21. Given  𝐾 = [
𝑎 2 3
5 4 𝑏
8 3𝑐 11

]  and  𝐿 =

[
6 2 3
5 4 2𝑎
8 4𝑏 11

].  

 
If K = L, then c is  ... 
A. 12                                      D.   15 
B. 13                                      E.   16 
C. 14 
Reason: 
...................................................................... 
 

22. Given 𝐴 = [
1 2
3 4

] , 𝐵 = [
2 3
0 1

],  𝐶 = [
5 2

−1 0
].  

 
Then  (A + C) – (A + B) is ... 

𝐴.   [
5 4
5 4

]                           𝐷.   [
3 −1

−1 −1
] 

𝐵.   [
4 7
2 5

]                           𝐸.    [
7 −1
1 −1

] 

𝐶.  [
4 0

−4 −4
] 

Reason: ..................................................................... 
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23. Given matrix  𝑃 = [
1 3 1
2 4 5
0 7 6

], then (𝑃𝑡)𝑡 adalah 

... 

𝐴.   [
1 2 0
3 3 7
1 5 6

]                         D.   [
0 7 6
2 4 5
1 3 1

] 

𝐵.   [
1 3 1
3 3 7
1 5 6

]                         E.    [
0 7 6
2 4 5
1 3 1

] 

𝐶.   [
1 3 1
2 4 5
0 7 6

] 

           Reason: ................................................................. 
 

24. Given matrix 𝐴 = [
2𝑥 −5
3 𝑦

], 𝐵 = [
𝑦 2
2 4

],  and 

𝐶 = [
8 −3
5 2𝑥

].   

 
If  A + B = C,  then  x + y = ... 
A. –5                                D.   3                                          
B. –1                                E.   5 
C. 1 
 
Reason: .......................................................... 
 

25. If  𝐴 = [3 5] and 𝐵 = [
1 4
2 6

],  then 2AB adalah 

... 
𝐴.   [13 42]                             D.   [13 84] 
𝐵.   [26 84]                             E.    [30 36] 
𝐶.   [26 42] 

         Reason: ................................................................... 
 

 

26. If  [ 1 −3
−2 4

], 𝐵 = [
−2 0
1 3

], and 𝐶 = [
3 −1
1 −2

]  

 
then  A(B – C) = ... 
 

𝐴.   [
−5 −14
10 18

]                       D.    [ 1 −2
−2 2

] 

𝐵.   [
−5 −4
10 6

]                          E.    [−7 19
−2 20

] 

𝐶.   [
1 −16

−2 22
] 

       Reason: .......................................................... 

27.  Matrix X  that satisfies  [1 2
3 4

] 𝑋 = [
4 3
2 1

]  is ... 

𝐴.    [
−6 −5
5 4

]                       D.    [ 4 −2
−3 1

]  

𝐵.    [
5 −6
4 5

]                          E.    [ 4 −2
−3 1

] 

𝐶.    [
−6 −5
4 5

] 

Reason: ............................................................ 

28. If  matrix 𝐴 = [
3 −𝑥
6 8

] is singular matrix.  

Value of x that satisfies is …. 
 
A.  – 5                                D.   3 
B. – 4                                 E.   4 
C. – 3 

          
       Reason: ........................................................... 

 

29. Given matrix A = [
0 2 3

−2 0 4
−3 −4 0

], then matrix 

determinant  A is ... 
A. 0                                      D.   2 
B. 1                                      E.   4 
C. 2 
 
Reason: ................................................................ 

 
 

30. Transpose matrix P adalah PT. If 𝑃 = [
4 7
3 5

] then 

matrix (PT) – 1 is  ... 

𝐴.    [
−5 7
3 −2

]                       𝐷.   [
−3 5
4 −7

] 

𝐵.   [
3 −4

−5 7
]                        𝐸.   [

4 −3
−7 5

] 

𝐶.   [
−5 3
7 −4

] 

Reason: ................................................................... 

31. Given 𝐴 = [
4 3
2 2

] and 𝐵 = [
5 2
3 1

].  

Inverse matrix AB adalah (AB) – 1 = ... 

𝐴.   
1

2
[
−6 11
16 −29

]                𝐷.  −
1

2
[

6 11
16 29

] 

𝐵.   
1

2
[
29 11
16 6

]                     𝐸.   −
1

2
[
−6 11
16 −29

] 

𝐶.  −
1

2
[
29 11
16 6

] 

Reason: ............................................................... 

 

32. The roots of the quadratic equation  3 dan – 4 are ... 
𝐴.   𝑥2 + 𝑥 − 12 = 0 
𝐵.   𝑥2 − 𝑥 − 12 = 0 
𝐶.   𝑥2 − 𝑥 + 12 = 0 
𝐷.   𝑥2 − 3𝑥 + 4 = 0 
𝐸.   𝑥2 − 4𝑥 + 3 = 0 
 
Reason: ..................................................................... 

33. The roots of the quadratic equation 5𝑥2 + 4𝑥 −
12 = 0 are … 

34. The roots of the equation 𝑥2 − 2𝑥 − 3 = 0 are 𝑥1 
and 𝑥2.  If 𝑥1 > 𝑥2, then  𝑥1 − 𝑥2 is  … 
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𝐴.  − 2 dan 
5

6
                              𝐷.   − 2 dan −

6

5
 

𝐵.   2 dan −
5

6
                                  𝐸.   − 2 dan 

6

5
 

𝐶.   2 dan 
6

5
 

Reason: ................................................................. 

𝐴.   − 4                                        D.  2 
𝐵.   − 2                                        E.  4 
𝐶.   0 

          
       Reason: .......................................................... 

35. The roots of the quadratic equation  2𝑥2 − 3𝑥 −
9 = 0 are  𝑥1 dan 𝑥2.  Value of  𝑥1

2 + 𝑥2
2  is  … 

 
𝐴.   11

1

4
                                       D.  −6

3

4
 

𝐵.   6
3

4
                                         𝐸.  − 11

1

4
 

𝐶.   2
1

4
 

Reason: .............................................................. 

36. The roots of the quadratic equation:  
 𝑥2 + 2𝑥 + 3 = 0 are α dan β. The quadratic 
equation  (α – 2) dan (β – 2) is  … 
a. 𝑥2 + 6𝑥 + 5 = 0 
b. 𝑥2 + 6𝑥 + 7 = 0 
c. 𝑥2 + 6𝑥 + 11 = 0 
d. 𝑥2 − 2𝑥 + 3 = 0 
e. 𝑥2 + 2𝑥 + 11 = 0 
 
Reason: ......................................................... 
 

37.  A quadratic function that has a minimum value 2  
for  x = 1 and has a value of 3 for x = 2 is … 
A. 𝑦 = 𝑥2 − 2𝑥 + 1 
B. 𝑦 = 𝑥2 − 2𝑥 + 3 
C. 𝑦 = 𝑥2 + 2𝑥 − 1 
D. 𝑦 = 𝑥2 + 2𝑥 + 1 
E. 𝑦 = 𝑥2 + 2𝑥 + 3 
 
Reason: ............................................................. 
 

 

38. The figure  below is a graph of the quadratic 
equation ? … 
𝐴.   𝑦 = 𝑥2 + 2𝑥 + 3 
𝐵.   𝑦 = 𝑥2 − 2𝑥 − 3 
𝐶.   𝑦 = −𝑥2 + 2𝑥 − 3 
𝐷.   𝑦 = −𝑥2 − 2𝑥 + 3 
𝐸.   𝑦 = −𝑥2 + 2𝑥 + 3 

           
       Reason: ......................... 

39.  If f is a quadratic function whose graph passes 
through the points (1,0), (4,0) and (0, –4) then the 
value of f(7) is … 
A.  – 16                                    D.  – 19 
B. – 17                                     E.   – 20 
C. – 18 
 
Reason: ...................................................... 
 

40. The graph equation of a quadratic function has an 
extreme point  (–1, 4) and through (0, 3) is  … 
𝐴.   𝑦 = −𝑥2 + 2𝑥 − 3        𝐷.   𝑦 = −𝑥2 − 2𝑥 − 5 
𝐵.   𝑦 = −𝑥2 + 2𝑥 + 3         𝐸.   𝑦 = −𝑥2 − 2𝑥 + 5 
𝐶.   𝑦 = −𝑥2 − 2𝑥 + 3 
 
Reason: .............................................................. 
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The Development of an Assessment Instrument Using Polytomous 
Response in Mathematics 

 
 
 
 
Abstract: This research is development research aimed to produce a good instrument of 

assessment in mathematics using polytomous response according to classical and modern 

theories. This research design uses the Plomp model which consists of five stages, namely: 

preliminary investigation, design, realization or construction, trial, revision, and 

implementation (testing). The study was conducted in three vocational schools in Lampung, 

Indonesia. The study involves 413 students consisting of 191 male students and 222 female 

students. The data were collected through questionnaires and tests. Questionnaire was to 

identify instruments commonly used by teachers so far and to validate instruments by experts. 

The test used multiple-choice tests with open reasons as many as 40 items. The data were 

analyzed in two ways, namely analysis with classical and modern theories. The results show 

that the open polytomous response test have a good category according to classical and 

modern theory, and the open polytomous response test can provide information on the actual 

competence of students; this is observed in the students' arguments in giving reasons for their 

choices. Therefore, the open polytomous response test can can be used as an alternative to  

learning assessment.  

 
Key words: assessment for learning, classical and modern theory, multiple choice tests with     

  open reason, polytomous response, vocational school 
 
 
 

Introduction 

Assessment is an important activity and needs to be done by teachers in schools. The 

conventional paradigm often interprets the assessment as a way to find out the achievement 

of student learning outcomes as a whole, so that the assessment is positioned as a separate 

activity from the learning process (Syaifuddin, 2020). If referring to the current paradigm, 

assessment in schools is divided into three parts, namely assessment as learning, assessment 

for learning, and assessment of learning (Wulan, 2018). Assessment as learning has almost 
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the same function as assessment for learning but assessment as learning involves students in 

assessment, such as assessing themselves or colleagues. Assessment of learning is an 

assessment carried out after all learning ends and aims to assess student achievement. 

Assessment for learning is an assessment carried out during the learning process and aims to 

improve learning. It can play a role in preventing students from experiencing further learning 

failure because of its position between the other two assessments (Earl, 2013) as shown in the 

following assessment pyramid (Figure 1). 

 

Figure 1. Assessement Pyramid 
 

Assessment activities can be applied with tests. A test is a tool or procedure used to find out 

or measure students' abilities about something with certain rules (Arikunto, 2012). A test 

consists of two types, namely multiple choice and essay. Multiple choice test is a form of 

assessment in which each item provides an answer choice, and one of the choices is the 

correct answer. The essay test is a form of assessment that requires answers in sentences or 

words. Each type of test has strengths or weaknesses with each other. The strength of 

multiple-choice tests over essays is that multiple-choice tests can be conducted for many 

students, are more objective, and the test results can be known more quickly; but has a 

weakness, namely the multiple choice test is not able to see the actual abilities of students and 

the answers tend to guess or try it out (Rosidin, 2017). In addition, the strength of the 

multiple choice test has a scoring certainty compared to the essay test, namely 1 and 0 

(Getting score of 1 for the correct answer, and  score 0 for the wrong answer choice). 
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Multiple choice tests with only two answer choices are called dichotomous tests, and multiple 

choice tests with more than two answer choices are called polytomous tests (Kartono, 2008).  

Until now, multiple choice tests are still widely used by teachers to assess students' abilities, 

especially students with a large number and wide area. To reduce the weakness of multiple 

choice tests, in the last four decades, experts have developed multiple choice tests by 

combining multiple choice tests and essays into multiple choice tests with reasons, and called 

polytomous tests with responses; or abbreviated the polytomous response test (Suwarto, 

2012). The polytomous response test score is 1-4. Score 4 for the correct answer and reason, 

score 3 for correct answer but wrong reason, score 2 for wrong answer but correct reason, and 

score 1 for wrong answer and reason (Kartono, 2008). 

In the 80s, the first time that was focused on and developed by experts was the closed 

polytomous response test (Treagust, 1988), and this test aims to diagnose misconceptions in 

biology, physics, and chemistry. This test consists of two levels; The first level is choosing 

answers on the multiple choice test, and the second level is choosing reasons based on the 

answer choices at the first level  (Chandrasegaran et al., 2007). Several studies on the closed 

polytomous response test have been carried out, such as tests on light and optical materials 

(Widiyatmoko & Shimizu, 2018), test on calculus material (Khiyarunnisa & Retnawati, 

2018), test on acid and base material (Andaria & Hadiwinarto, 2020), test on reasoning 

material (Ambarwati et al., 2020), test on human digestive system material (Jamhari, 2021), 

test on mathematical connection material (Lestari et al., 2021). Meanwhile, the development 

of multiple-choice tests with open reasons is still limited, namely mathematics in calculus  

(Yang et al., 2017), and outside mathematics, namely physics in Higher Order Thinking 

Skills (Prasetya et al., 2019).  Although the closed polytomous response test has been widely 

developed, researchers have found weaknesses in the test, such as students' misconceptions 
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cannot be known in detail   (Antara et al., 2019), the test instrument is difficult to construct 

(Khusnah, 2019), student answers are still guessing  (Myanda et al., 2020). However, there 

are strengths in the closed polytomous response test, such as  the consistency of student 

answers errors is easy to observe (Treagust, 1988), and The suitability between the student's 

answer choices and the reason is easy to know (Diani et al., 2019). 

To reduce the weakness of the closed polytomous response test, the experts modified the test 

to be the open polytomous response test. The open polytomous response test is a form of 

multiple choice test that provides a place to write arguments for the answer choices   

(Retnawati, 2014). Until now, research on the open polytomous response test is still very 

limited, such as tests on calculus material in universities (Yang et al., 2017), and tests on 

physics material in high school (Prasetya et al., 2019). Because there is still limited research 

on the open polytomous response test, it is necessary to conduct research on research subjects 

with other characteristics. This research was conducted on students in vocational schools who 

have different characteristics from students in college or high school. The characteristic 

difference is students in vocational schools place mathematics as a secondary subject, while 

students in colleges and high schools place mathematics as a primary subject (Oktaria, 2016). 

In addition, graduate students in vocational schools are more oriented towards practical 

abilities and skills, and in contrast to graduate students in colleges and high schools are 

academically oriented (Permendikbud, 2016). Therefore, it is reasonable to conduct research 

by developing the open polytomous response test for students in vocational schools. The test 

instrument developed must be accountable as a condition of a good test, and it is necessary to 

analyze the quality of the item (Rosidin, 2017). 

There are two theories in analyzing item quality, namely classical and modern theory. 

Classical theory is a measurement theory for assessing tests based on the assumption of 



Attachments:  2nd Revision_Article Sugeng Sutiarso et al.docx      Tue, Mar 15, 2022 at 7:14 PM 
 
 
 

5 
 

measurement errors between actual results and observations, and from the assumption, a 

formula for calculating the level of difficulty and item discrimination was developed   

(Hambleton & Jones, 1993). Modern theory is a measurement theory to assess students' 

abilities by comparing students' abilities with their group abilities, and is known as Item 

Response Theory/IRT (Hambleton & Linden, 1982).  Classical theory is widely used by 

teachers because it is easy to apply. However, this classical theory has a weakness, namely it 

cannot separate the characteristics of students and items, also the characteristics of items will 

change when students change. So, classical theory is considered less able to provide 

information about students' actual abilities. Modern theory is a solution to overcome the 

weaknesses of classical theory, because in modern theory an item does not affect other items 

(local independence), and items only measure one dimension/unidimensional (Anisa, 2013) , 

and an item eliminates the relationship between respondents and items (parameter invariance) 

(Saepuzaman et al., 2021). Therefore, experts suggest that the test instrument is accountable, 

the quality of the items must be good according to the analysis of classical and modern theory 

(Retnawati, 2014). 

This research is a development research that aims to produce a good open polytomous 

response test according to classical and modern theory. The problem formulations proposed 

are (1) does the open polytomous response test have a good category according to classical 

and modern theory?, and (2) can the open polytomous response test provide information on 

the actual competence of students?. 

 
Methodology 

Research Design 

This research is a research and development that refers to Plomp’s model  (Plomp, 2013) with 

the research procedure consisting of five stages, namely preliminary investigation, design, 
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realization or construction, test phase, revision, and implementation (test). 

 
 
 
 
 

 
 

Figure 2. Stages of Research Design 

 

The preliminary investigation stage is to identify the assessment instruments used by teachers 

so far. The design stage is to make the open polytomous response test grid according to the 

basic competencies of mathematical concepts and to make an expert assessment 

questionnaire sheet. The realization or construction stage is developing the items test, and 

also the expert validation process for the items test. The revision stage is the improvement of 

items test based on expert advice. The implementation (test) stage is to try out the test to 

students, and analyze the results of the test. 

 
Research Subject 

The subjects of the study are students of a vocational school in the province of Lampung, 

Indonesia. The research sample is determined using a non-probability sampling technique in 

the form of accidental sampling. It means taking the subject based on a subject that is easy to 

find and ready to be a respondent (Malhotra, 2006). The selected schools are three schools as 

representatives, namely the Mitra Bhakti vocational school, the Praja Utama vocational 

school, and the Ma'arif NU vocational school. The research subjects are 413 students at grade 

I (male students = 191, and female students = 222), whose mathematical abilities on the 

National Exam (NE) were categorized as moderate (average 64.67 from the ideal score of 

100). The following are the characteristics of the research subjects in detail shown in Table 1. 

 
 

Realization/construction Design Preliminary investigation 

Implementation (Test) Revision 
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Table 1. Research Subjects 

Vocational 
Schools Grade 

The Number of Students 
Average of NE 

Total Male  Female 

Mitra Bhakti 
I-A 13 5 8 64.24 
I-B 23 10 13 62.4 
I-C 29 9 20 65 

Praja Utama 

I-A 40 40 0 64 
I-B 39 39 0 64.62 
I-C 43 15 28 68.72 
I-D 38 15 23 67.9 
I-E 41 14 27 67.56 
I-F 40 17 23 63.38 
I-G 40 8 23 67.74 

SMK Ma’arif NU 
I-A 31 14 17 62.1 
I-B 36 5 51 58.34 

Total 413 191 222  64.67 
 
 
Data Collecting Technique 

Data were collected using a questionnaire and test. The questionnaire contains several 

questions to the teacher about the instrument for assessment used by the teacher and also 

expert validity of the instrument developed and to determine content validity  (Suhaini et al., 

2021). The instrument was validated by two people who have expertise in mathematics and 

educational evaluation. The three aspects assessed by the expert are the suitability of the 

items with the indicators, language, and alternative answers to the questions. The score in 

validating the instrument follows the criteria as in Table 2 below. 

Table 2. Content Validity Score 

Description Score 
Irrelevant 1 

Quite relevant 2 
Relevant 3 

Very relevant 4 
 

After determining content validity, the instrument was tested on students. Then, it was 

continued by determining the validity of the construct and its reliability, with the aim that the 

instrument can be further analyzed. 

 
The instrument used was the open polytomous  response test which consisted of 40 questions 
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on the concepts of sequences and series (arithmetic and geometry), quadratic equations and 

functions, and matrices. Each item contains five answer choices along with the reasons. 

Student answers score refers to the polytomous score in the Partial Credit Model, where 

answer choices and reasons are related (Retnawati, 2014), as shown in Table 3 below. 

Table 3. Student Answers Score 

Student Answers 
Score 

Answer Options Reason 
False False 1 
False Right 2 
Right False 3 
Right Right 4 

 
 
Data Analysis 

The research data obtained are analyzed in two stages, namely (1) questionnaire data analysis 

(qualitative analysis), and (2) test data analysis (empirical analysis). The following is an 

explanation of each data analysis. 

1. Questionnaire data analysis (qualitative analysis) 

The questionnaire data analyzed include two parts, namely identification data on the 

instruments used by the teacher and expert validation data. The identification data on the 

instrument are analyzed descriptively, and the expert validation data are analyzed for 

trends or expert agreement using the Gregory formula (Gregory, 2015), namely: 

 

         V = 
𝐷

𝐴+𝐵+𝐶+𝐷
 

 
Description: 
   V = Content Validity 
   A = Rater 1 and 2 are weak 
   B = Rater 1 is strong, and rater 2 is weak 
   C = Rater 1 is weak, and rater 2 is strong 
   D = Rater 1 and 2 are strong 
 
The interpretation of Gregory's formula is that the number V is in the range 0 - 1. The 

higher the number V (close to 1 or equal to 1), the higher the value of the validity of an 
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item. Conversely, the lower the number V (close to 0 or equal to 0), the lower the value of 

the validity of an item. 

2. Test data analysis (empirical analysis) 

After the content validity test, it is followed by construct validity and reliability tests. The 

construct validation test uses exploratory factor analysis. The instrument is considered to 

have a good construct if the explained Kaiser-Meyer-Olkin (KMO) value is more than 0.5 

(Retnawati, 2014). Reliability test using Cronbach's Alpha formula. The instrument is said 

to have good reliability if the coefficient value of Cronbach's Alpha is 0.60 (Arikunto, 

2012). If the instrument has good construct validation, further tests can be analyzed, 

namely the level of difficulty and item discrimination. The reason for analyzing the level 

of difficulty and item discrimination is because they are both preliminary analyzes of the 

assumptions of measurement theory (Hambleton & Jones, 1993).  To simplify the process 

of analyzing the level of difficulty and item discrimination, the Iteman program is used for 

classical theory, and the Winsteps program for modern theory (Sarea & Ruslan, 2019). 

The Winsteps program is used because it has several advantages (Untary et al., 2020), 

namely, it can analyze polytomous data and can analyze the maximum likelihood model 

using a 1-parameter logistic model. 

2.1  Analysis of test data with classical theory 

a. The item difficulty level is the percentage of the number of students who answer 

the questions correctly or incorrectly. The difficulty of a good (medium) item is if 

the index is in the range of 0.3 to 0.7. If the index is below 0.3 then the item is 

difficult, and vice versa if the index is above 0.7 then the item is easy. 

b. Item discrimination is the item's ability to distinguish high-ability students from 

stupid, low-ability students. Good item discrimination if it has an index above 0.3; 

and if the item discrimination index is below 0.3 then the item needs to be revised 
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(Arikunto, 2012). 

2.2  Analysis of test data with modern theory 

a. The item difficulty level is the level of the student's latent trait towards the item. 

The difficulty of the items identifies the ability of about 50% of respondents who 

are expected to answer items correctly (DeMars, 2010). An item is said to be good 

if it has an index between -2 and +2  (Hambleton & Swaminathan, 1985). If the 

index is close to -2, then the item is classified as very easy, and if the index is close 

to +2, the item is classified as very difficult (Retnawati, 2014). In the Winsteps 

program, the item difficulty level is in the Measure column. 

b. Item discrimination is indicated by the slope of the curve on the item 

characteristics. The item is said to have good discrimination if the slope of the 

curve is moderate (not too gentle or steep), because if the slope of the curve is too 

gentle or steep, then the item is not good. Another opinion states that a good index 

is above 0.4 (Crocker & Algina, 1986). In the Winsteps program, the item 

discrimination is in the Pt-Measure Corr column. 

According to modern theory, before analyzing the level of difficulty and item discrimination, 

three assumptions must be tested, namely unidimensional, local independence, and model fit  

(Hambleton et al., 1991). Unidimensional means that each test item only measures one 

ability. There are three ways that are often used to test unidimensionality, namely the analysis 

of the Eigen values of the correlation matrix between items, the Stout-test on the 

unidimensional assumption test, and the index based on the residuals on the unidimensional 

solution (DeMars, 2010). In this study, the dimensional test uses the Eigen value analysis of 

the correlation matrix between items. 

 
Local independence is the state of the respondent's answer to an item that is not influenced by 



Attachments:  2nd Revision_Article Sugeng Sutiarso et al.docx      Tue, Mar 15, 2022 at 7:14 PM 
 
 
 

11 
 

other items. Local independence test by proving that the probability of the respondent's 

answer pattern is the same as the probability of the respondent's answer on each item. If the 

unidimensional assumption is accepted, the local independence assumption will automatically 

be accepted (DeMars, 2010). Model fit test to find out whether the model used is in 

accordance with the items. Test the fit of the model by measuring Outfit Mean Square 

(MNSQ) and Pt-Measure. If the Outfit MNSQ value is 0.5 to 1.5 and the Pt-Measure Corr is 

positive, it is said that the item fits the model (Linacre, 2012). In addition, the information 

function and standard error measurement (SEM) are analyzed which aims to further explain 

the latent ability as measured by using a test that is expressed through item donations. 

 
 

Findings/Results 

 
Analysis of Questionnaire Data 

Based on the results of the questionnaire, it is found that so far the teacher has never used the 

polytomous response instrument with a multiple-choice test with open reasons. As many as 

80% of teachers use essay tests and 20% of teachers use multiple choice tests, with each 

instrument consisting of 2-5 items. In addition, about 10% of teachers use this assessment as 

a learning improvement, such as improving lesson plans and teaching models/methods. The 

results of the questionnaire stated that 90% of teachers who do not use assessment as an 

improvement in learning are caused by several aspects, such as teachers are not 

understanding assessment (20%), teachers are not knowing how to analyze assessments 

(50%), and teachers are not knowing how to develop good assessment questions (30%). The 

following is a summary of the questionnaire data from the identification of assessment for 

learning instruments. 
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Figure 3. Description of Teacher Condition in Assessment for Learning 

 
 
Content Validity 

The results of the two expert assessments show that the content validation instrument is good. 

Furthermore, the analysis of expert judgment agreement with the Gregory Index formula is 

obtained as shown in Table 4 below. 

Table 4. Index Gregory Items 
 

 Rater 1 
weak strong 

Rater 2 
weak 0 0 
strong 0 40 

Index Gregory 1 
 

 
Based on the results of the assessment in Table 4, it can be concluded that the instrument is 

valid because the value of V reaches a value of 1. Therefore, the instrument test can be 

continued. In addition to providing assessments, the experts also provide some suggestions 

for improvements to the instrument, namely the preparation of questions using the ABCD 

format (Audience, Behavior, Competence, and Degree), avoiding the use of ambiguous 

language or statements, improving mathematical concepts, making alternative answer choices 

that are misleading, and arrange them in order. 

 
Analysis of Test Data 

Construct Validity 

After testing the instrument, it is followed by a construct validity test. The results of the test 

80%

20%

Test type

essay

multiple
choice

10%

90%

Assessment

revised

not revised

20%

50%

30%

The cause 

not
understandin
g
not knowing

not
developing
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with exploratory factor analysis are shown in Table 5. 

Table 5. Exploratory Factor Analysis 

KMO and Bartlett's Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
Bartlett's Test of Sphericity Approx. Chi-Square 1936.378 

Df 780 
Sig. .000 

 
Based on Table 5, the explained KMO value is 0.76 (more than 0.5), and it can be concluded 

that the variables and samples used to allow for further analysis. 

 
Reliability 

The results of the estimation of the reliability of the instrument obtained the Cronbach's 

Alpha coefficient value of 0.89 (more than 0.6). It means that the instrument has good 

reliability so that the analysis of the level of difficulty and item discrimination can be 

continued according to the classical and modern methods. 

Table 6. Item Reliability 

Cronbach’s Alpha N of Items 
0.892 40 

 
 
Analysis of Test Data with Classical Theory 

Analysis of test data with classical theory does not require testing assumptions, but the 

analysis of the level of difficulty and item discrimination can be directly calculated. The 

results of the analysis of the level of difficulty and item discrimination are obtained as shown 

in Table 7 below. 

Table 7. Level of Difficulty and Item Discrimination 
Item Level of 

difficulty 

Category Discrimination Category Item Level of 

difficulty 

Category Discrimination Category 

1 0.538 good 0.196 Revised 21 0.482 good 0.143 revised 

2 0.487 good 0.179 Revised 22 0.535 good 0.429 good 

3 0.528 good 0.214 Revised 23 0.492 good 0.250 revised 

4 0.540 good 0.304 Good 24 0.438 good -0.071 revised 

5 0.489 good 0.089 Revised 25 0.436 good -0.107 revised 

6 0.446 good -0.161 Revised 26 0.385 good -0.286 revised 
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7 0.438 good -0.232 Revised 27 0.383 good -0.321 revised 

8 0.453 good -0.143 Revised 28 0.416 good -0.143 revised 

9 0.414 good -0.143 Revised 29 0.458 good -0.125 revised 

10 0.409 good -0.339 Revised 30 0.385 good -0.375 revised 

11 0.438 good -0.143 Revised 31 0.404 good -0.321 revised 

12 0.436 good -0.036 Revised 32 0.433 good -0.250 revised 

13 0.400 good -0.321 Revised 33 0.441 good 0,036 revised 

14 0.450 good -0.036 Revised 34 0.424 good -0.268 revised 

15 0.462 good 0.250 Revised 35 0.412 good -0.321 revised 

16 0.453 good -0.089 Revised 36 0.431 good -0.304 revised 

17 0.416 good -0.143 Revised 37 0.404 good -0.232 revised 

18 0.419 good -0.196 Revised 38 0.363 good -0.482 revised 

19 0.431 good -0.232 Revised 39 0.230 good -0.929 revised 

20 0.441 good -0.089 Revised 40 0.211 good -1.071 revised 

 
 
Based on Table 7, it is found that all items have an item difficulty level in the index range of 

0.3 to 0.7, so they are included in the good category. Meanwhile, only two items on 

discrimination have good categories, and the remaining items need to be revised. The results 

indicate that all items are good based on the level of difficulty, but almost all items need to be 

revised for item discrimination. 

 
Analysis of Test Data with Modern Theory 

Unidimensional Assumption Test 

The unidimensional assumption test is the first assumption test with factor analysis. Factor 

analysis begins by testing the adequacy of the sample to be used in the analysis, constructing 

a variance-covariance matrix, then calculating the eigenvalues. The eigenvalue is then used to 

calculate the percentage of explained variance, as well as describe the scree plot (Retnawati, 

2014). The output of factor analysis is the Kaiser-Meyer-Olkin Measure of Sampling 

Adequacy (KMO) statistic and scree plot. 

Table 8. KMO Test 

KMO Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
 Sig. .000 
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The unidimensional test is based on the cumulative percentage of eigenvalues and scree plots. 

If the cumulative percentage of eigenvalues in the first factor is more than 20%, then the 

unidimensional assumption is accepted (Retnawati, 2014). In Table 9, it can be seen that the 

cumulative percentage of the eigenvalues in the first factor is 20.220%. The cumulative 

percentage of the eigenvalues has exceeded 20%, so the instrument in the study is proven to 

only measure one factor or dimension. 

Table 9. Total Variance Explained 

Component 
Initial Eigenvalues 

Total Variance (%) Cumulative (%) 
1 8.088 20.220 20.220 
2 1.458 3.646 23.865 

 
 
In addition, the unidimensional test can also be seen on the scree plot which is based on the 

number of factors marked by the steepness of the graph with the acquisition of eigenvalues. 

 

Figure 4. Scree Plot Unidimensi 
 
 
Based on the scree plot, it is known that the eigenvalues immediately slope on the second 

factor. It shows that there is only one dominant factor in the developed instrument. The 

results prove that the test kit meets the unidimensional assumption or in other words only 

measures one dominant factor. 
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Local Independence Assumption Test 

The local independence assumption test will be accepted if the respondent's answer to one 

item does not affect the respondent's answer to another item. Thus, the score of one item 

should not be determined or dependent on the scores of other items. It confirms that the 

assumption is automatically proven after being proven by the unidimensionality of the 

respondent's data on a test (Retnawati, 2014). 

Table 10. Covariance Matrix 

 K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 

K1 0.0486                

K2 0.012 0.0042               

K3 0.0105 0.0034 0.0032              

K4 0.0317 0.0106 0.0093 0.0293             

K5 0.01 0.0032 0.0029 0.0085 0.0028           

K6 0.0069 0.0023 0.0021 0.0062 0.002 0.0016         

K7 0.0036 0.0011 0.0009 0.0028 0.0009 0.0007 0.0004       

K8 0.0041 0.0015 0.0012 0.0037 0.0011 0.0008 0.0004 0.0006     

K9 0.0074 0.0024 0.0022 0.0065 0.002 0.0015 0.0007 0.0009 0.0017   

K10 0.021 0.0061 0.0054 0.0148 0.0051 0.0039 0.0017 0.0025 0.0043 0.0196 

 
 
Data in Table 10 shows the results of the variance-covariance values between groups of 

students' abilities. It can be seen that the covariance value between the ability interval groups 

located on the diagonal is small and close to zero. It can be concluded that there is no 

correlation, so it can be said that the local independence assumption test is accepted. 

Model Fit 

The model fit test is analyzed using the Winsteps program. The item requirements are called 

fit to the model if the Outfit MNSQ value is 0.5 to 1.5 and the Outfit ZSTD value is -2 to 2, 

and the Pt-Measure Corr is positive, then it can be said that the item fits the model 

(Sumintono & Widhiarso, 2015). An item is considered fit if one of the conditions is 

accepted. In addition, it can also be seen from the MNSQ infit of 0.77 to 1.3, but at this stage, 

the fit of the model is only taken on the MNSQ and Pt-Measure outfit values. Based on the 

results of the analysis, all items match the model or fit (Table 11). 
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Table 11. Item Fit on Model 

 
 
 
Difficulty Level 

The item difficulty level is analyzed using the Winsteps program, and the results obtained can 

be presented in Table 12 (Measure column). The item difficulty level is in the range of -0.70 

to 0.84.  From Table 12, the highest difficulty level is item 40 (difficulty level 0.84), and the 

lowest difficulty level is item 1 (difficulty level -0.70). Since the difficulty level is in the 

range of -2 and 2, it can be concluded that all items are in the good category. If further 

divided into three categories, the difficulty level of items in the range of -0.7 to 0.84 is 

moderate (Sumintono & Widhiarso, 2015). It can also be seen on the difficult map items, 

namely the difficulty level is in the range of -2 and 2. 



Attachments:  2nd Revision_Article Sugeng Sutiarso et al.docx      Tue, Mar 15, 2022 at 7:14 PM 
 
 
 

18 
 

 

 

 

Table 12. Item Difficulty Level 
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Figure 5. Item Difficulty Map 
Item Discrimination 

The item discrimination analysis used the Winsteps program and the results are presented in 

Table 13 (column PT-Measure Corr). Item discrimination is in the range of 0.23 to 0.74; with 

details of 27 items having an index above 0.4 (good category), and 13 items having an index 

below 0.4 (bad category). However, the 13 items can be used as an instrument as long as the 

index is above 0 (Alagumalai et al., 2005). 

Table 13. Item Discrimination 
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Comparative Analysis between Classical and Modern Theory 

The results of the analysis of classical and modern theory obtained the index of difficulty 

level and item discrimination as follows. 

 

Table 14. Analysis Classical and Modern Theories 

Parameter 
Classical Theory Modern Theory 

Many Items with 
Good Category 

Percentage Many Items with 
Good Category 

Percentage 

Difficulty level 40 100 40 100 
Item discrimination 2 0.05 27 67.5 

 
 
Based on Table 14, the level of item difficulty analyzed by classical and modern theory has 

the same results (good category). However, item discrimination using modern theory has 
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more items in good category than using classical theory. If we compare the index of 

discriminatory items between classical (Table 7) and modern (Table 13), it can be seen that 

there is a match between the categories of item discrimination. It means that if the item 

discrimination is not good with the classical theory, then the item discrimination is also not 

good with the modern theory (13 items correspond to the item discrimination index, and 27 

do not match). 

Information and Measurement Error (SEM) Function 

The function of information to reveal latent ability is measured by using a test that is 

expressed through item donation. The test information function is also the sum of the 

functions of each item. The information function is inversely proportional to measurement 

error or Standard Error Measurement (SEM). The value of the information function of the 

test device will be high if the items that make up the test have a high information function. 

The following is a picture of the curve of the relationship between the information function 

and SEM. 

 

 
 

Figure 5. Graph of Information Function and Measurement Error 
 
 
Figure 5 shows that the instrument provides a maximum of 22.36 information and has the 

smallest measurement error of 0.21 if it is given to students with moderate ability, which is 

0.2. The lower limit and upper limit of the interval is the ability score where the graph of the 

information function and the SEM graph intersect in that interval. The graph indicates that 
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the greater the value of the information function, the smaller the measurement error (SEM). 

Item information function states the strength or contribution of test items in revealing the 

latent trait as measured by the test. With the item information function, it is known which 

items match the model, thus helping in the selection of test items (Retnawati, 2014). In 

conclusion, the characteristics of the test kit are suitable for students with moderate abilities. 

 
Based on the test results, in addition to knowing the quality of the developed test instruments, 

it can also be seen the ability of students to work on the questions given. Instrument analysis 

is based on two patterns of student answers that have the same tendency based on Bloom's 

Taxonomy (Bloom, 1956). A total of 6 student answers were selected as samples with 

different abilities (high, medium, and low). 

 
Item 1: the cognitive domain to be achieved is C2 (Understanding). Based on students' 

answers, the two dominant patterns of student answers are (1) students have understood the 

general form of arithmetic sequences and know the first term and other terms, and (2) 

students have not been able to formulate general forms in arithmetic sequences and perform 

algebraic operations on general forms. arithmetic sequence. 

Question 1: Pattern 1: Pattern 2: 

 

  

Figure 6. Student Answers in Item 1 
 

 
Item 2: the cognitive domain to be achieved is C2 (understanding). Based on students' 

answers, the two dominant patterns of student answers are (1) being able to understand and 

determine the number of terms in a sequence by using the general formula for an arithmetic 
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sequence or determining the number of arithmetic sequences without using a general formula 

(only writing down all the terms from the first term until the last term), and (2) students who 

can already use the general formula for arithmetic sequences but have not been able to 

determine the number of arithmetic sequences because of errors in performing algebraic 

operations on general arithmetic sequences. 

Question 2: Pattern 1 Pattern 2 

 
  

Figure 7. Student Answers in Item 2 
 
 
Item 3: the cognitive domain to be achieved is C3 (applying). Based on students' answers, the 

two dominant patterns of student answers are (1) students have understood and determined 

the difference or difference between two non-adjacent arithmetic sequences using the general 

formula for arithmetic sequences, and (2) other students can determine the number of 

arithmetic sequences even though they are not using a general formula or by writing the 

terms of the known terms and inserting several terms. 

Question 3: Pattern 1 Pattern 2 

 
 

 
 

Figure 8. Student Answers in Item 3 
 
 
Item 4: the cognitive domain to be achieved is C3 (applying). Based on students' answers, the 

two dominant patterns of student answers are (1) students have understood and can determine 
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the nth term in an arithmetic sequence that is known to be two non-adjacent terms using the 

general formula for arithmetic sequences, and (2) students cannot determine the number of 

arithmetic sequences because it does not use a general formula, but by writing the terms of 

the known terms and inserting several terms and continuing until the nth term. 

Question  4: Pattern 1 Pattern 2 

 
  

Figure 9. Student Answers in Item 4 
 
  
Item 5: the cognitive domain to be achieved is C1 (remembering). Based on students' 

answers, the two dominant patterns of student answers are (1) students have understood and 

determined the middle term of an arithmetic sequence, and (2) students can determine the 

middle term of an arithmetic sequence but do not use general formulas, but by writing the 

terms from known terms and inserts several terms and then defines them. 

 

 

Question 5: Answer Pattern 1 Answer Pattern 2 

 
 

 

Figure 10. Student Answers in Item 5 
 
 
Description of Instrument Development and Student Ability 

The instrument developed from this research is the open polytomous response test and all 
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parameters have been accepted. This instrument is a combination of multiple choice test and 

essay. Multiple choice tests are easier to check students' answers but students' mathematical 

thinking processes cannot be known in depth. While the essay test has the advantage of being 

able to find out deeper mathematical thinking processes but it takes a long time to check the 

answers. 

 
Assessment of learning instruments that have been carried out with item analysis and the 

results of student analysis is one of the important sources of composite scores to be reported. 

In the final report, the test taker's ability score should be changed to a score of 0 - 10 from 0 - 

100, according to the needs of the school. The transformation uses a linear transformation by 

dividing the score by the ideal score and then the result is multiplied by 10 to get a value in 

the range 0 – 10 or multiplied by 100 to get a score of 0 – 100. In the range 0 – 10, the score 

obtained by students taking the test the highest mathematics learning was 8.56 and the lowest 

was 4.31. In the range 0 – 100, the scores obtained by students with the highest mathematics 

is 85.625 and the lowest is 43.125. 

 
The results of the assessment of students' mathematical abilities are presented in the form of 

very low to very high predicates. The results of the test analysis show that most students have 

low and very low abilities, namely 62% (253 students). Meanwhile, students who have high 

and very high abilities are 38% (160 students). The results of another analysis find that 

students who have high abilities tend to work according to the concepts that have been given 

by the teacher but do not follow the completion steps, students who have moderate abilities 

can solve problems according to the concepts that have been given by the teacher and the 

steps, and there are students who have abilities but are not able to use the concepts given by 

the teacher and are not even able to give clear reasons.. 
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Another result of this study is that teachers agree to provide learning assessments with 

multiple choice questions with open-ended reasons because the instrument is easier for 

teachers to find out students' difficulties in certain materials. In this way, teachers can also 

provide remedial or other assistance to students who have learning difficulties. It means that 

the polytomous response instrument can be used as a way to determine which students need 

remedial or not. In general, previous research states how to determine students who need 

remedial only one test, namely multiple-choice tests  (Gierl et al., 2017)  or essays (Putri et 

al., 2020). 

Discussion 

This research is development research to produce the open polytomous response test. The 

instrument is a multiple choice test with open reasons. This instrument is analyzed by 

classical and modern theory. There are differences in the results of the analysis between 

classical and modern theories, namely item discrimination. Classical theory analysis obtains 

38 items with bad criteria and only 2 items with good criteria. In contrast, modern theory 

analysis obtains 27 items with good criteria and 13 items with bad criteria. According to 

evaluation theory, modern theory aims to cover the weaknesses of classical theory. The 

results of classical theory analysis are often categorized as not good but the results of the 

modern analysis are categorized as good, and vice versa (Retnawati, 2014). It means, if you 

find items that are not in a good category with classical theory, do not be in a hurry to revise 

or replace them before the analysis of modern theory analysis. 

   
Research on assessment for learning with the open polytomous response test is still limited. 

When compared to previous research, there is only one study on assessment for learning with 

polytomous responses (Yang et al., 2017). However, Yang study has several fundamental 

differences, namely the research objectives and data analysis. The research aims to diagnose 
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student errors in university on the concept of calculus, not to produce a good assessment 

instrument. The data analysis uses parametric statistics (covariance), not using item analysis 

(classical and modern). Since the objectives and data analysis are different, the results of the 

study cannot be compared with the results of this study. However, this research has provided 

a reference for researchers in making reasoned multiple choice tests, such as the suitability of 

items with indicators, language, and alternative answers to questions. 

 
Other studies are similar to assessment for learning with the open polytomous response test 

(Sarea, 2018).  The similarity with Sarea's research lies in the research objectives and the 

analysis used (classic and modern). However, the difference is the researchers do not develop 

their questions and the questions are in the form of the closed polytomous response test. The 

results of Sarea's research states that the comparison of the results of the classical and modern 

theory of item analysis is different. The difference is that the level of difficulty and item 

discrimination in the classical theory is more categorized as good than the modern method. In 

other words, the modern way of stating the level of difficulty and item discrimination is 

categorized as good even though the analysis method states that the items are categorized as 

not good. Likewise with Saepuzaman's research the closed polytomous response test provide 

confidence that items that are not good according to classical theory are actually good items 

according to modern theory. The results of previous studies have provided support for the 

development of instruments on the polytomus response test, and this test instrument can be 

used as an alternative to all learning assessment (assessment: as learning, for learning, and of 

learning) for all vocational schools in Lampung, Indonesia and even outside Indonesia. 

 

Conclusion 

Based on the results of the research and discussion, conclusions are obtained, namely (1) the 

open polytomous response test have a good category according to classical and modern 
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theory. So, the test instrument requirements are accountable (qualifies for a good test) is a 

good test instrument according to the analysis of the two theories (classical and modern 

theory), and (2) the open polytomous response test can provide information on the actual 

competence of students; this is observed in the students' arguments in giving reasons for their 

choices. this is observed in the students' arguments in giving reasons for their choices. 

Therefore, the open polytomous response test can can be used as an alternative to learning 

assessment.   

 
Recommendation 

Based on the research results, there are several recommendations for teachers, schools, and 

other researchers. For teachers, teachers should familiarize students with giving a test in the 

form of a polytomous response before giving the test. For schools, principals or other leaders 

should encourage other teachers to take advantage of this test, and develop other assessment 

instruments. For other researchers, they should conduct research by developing instruments 

with other polytomous responses (assessment of learning and assessment as learning) on 

other materials. In addition, for further research, conduct a study that develops an assessment 

instrument with a learning response polytomous (pretest). This is important, so that students' 

prior knowledge can be known so that learning can be effective. 

 

Limitations 

The research carried out has several limitations. Firstly, the selected schools have not been 

the researchers' expectations, for example representing schools with high, medium, and low 

quality. In addition, during the collection of research data that begins with learning, it is not 

fully controlled by the researcher, so the students who are the research samples are less 

conditioned. The research is only limited to algebraic material (sequences and series, 
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matrices, equations, and quadratic functions), and does not represent other mathematical 

materials, such as geometry and statistics. 
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Appendix 
 

Instrument of the Open Polytomous Response Test 
 

 
Name of  Student  : ………………………………. 

Class/Department : ………………………………. 

School    : ………………………………. 
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Instructions :  Mark (x) one of the correct answer choices, and give the reason   
                         (use another piece of paper to write down your reason) 
 

1. Given an arithmetic sequence: 3, 8, 13, 18, ....  
The formula for the nth term of the sequence is .... 
A. Un = 5n – 3                C.    Un = 4n – 1 
B. Un = 5n – 2                D.   Un = 3n + 2 
C. Un = 4n – 1 
 
Reason: ..................................................... 
 

2.  Given an arithmetic sequence: 2, 5, 8, 11, …, 68.  
 The number of terms in the sequence is… 

A. 12                              D.   23 
B. 13                              E.   24 
C. 22 
 
Reason: ...................................................... 

3. An arithmetic sequence, the 5th term is 31 and the 
8th term is 46. The difference between the 
sequences is... 
A. 5                                D.    8 
B. 6                                E.   11 
C. 7 
 
Reason: ...................................................... 
 

4. The 4th and 9th terms of an arithmetic sequence are 
110 and 150. The 30th terms of the arithmetic 
sequence are... 

A. 308                            D.   344 
B. 318                            E.    354 
C. 326 

          
      Reason: .............................................................. 

5. An arithmetic sequence is: 3, 8, 13, 18, …, 103.  
Then the middle term of the sequence is … 
A. 53                             D.    11   
B. 52                             E.     10 
C. 20 
D. 11 
E. 10 
 
Reason: ....................................................... 
 

6.  Given the arithmetic sequence: 4, 10, 16, 22, …. .   
     If two  numbers are inserted in every two  
      consecutive terms then the 10th term of the sequence    
     is... 

A. 18                             D.   24 
B. 20                             E.   26 
C. 22 
 
Reason: ................................................................. 

 
7.   The nth term of an arithmetic series is Un = 3n – 5.  
       The formula for the sum of the first n terms of the 
       series is ... 

A. 𝑆𝑛 =
𝑛

2
(3𝑛 − 7)             D.    𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

B. 𝑆𝑛 =
𝑛

2
(3𝑛 − 5)             E.    𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

C. 𝑆𝑛 =
𝑛

2
(3𝑛 − 4) 

         Reason: ......................................................... 

8.  The sum of the first n terms of an arithmetic series.  
      Sn = n2 – 19n. The formula for the nth term of the  
     Series is...... 
       

A. 5n – 20                      D.   2n – 20 
B. 5n – 10                      E.    2n – 10 
C. 2n – 30 
 
Reason: .................................................................. 

9.  The sum of all integers between 100 and 300 which 
are divisible by 5 is ...𝑆𝑛 =

𝑛

2
(3𝑛 − 7) 

A. 8.200                               D.  7.600 
B. 8.000                               E.  7.400 
C. 7.800 
 
Reason: ........................................................ 
 

10.   PT. Angkasa Jaya in the first year produced 5,000 
units. In the second year, production was reduced 
by 80 units per year. In what year did the company 
produce 3,000 units? 
A. 24                               D.  27 
B. 25                               E.   28 
C. 26 
 
Reason: ............................................................... 

11.  The middle term of an arithmetic sequence is 25.  
        If the difference is 4 and the 5th term is 21.  
         Then the sum of all the terms in the sequence is ... 

A. 175                                   D.   295 
B. 189                                   E.   375 
C. 275 
 
Reason: ........................................................ 
 

12. A number of candies are distributed among five 
children according to the rules of an arithmetic 
sequence. The younger the child, the more candy he 
gets. If the second child receives 11 pieces of candy 
and the fourth child 19 pieces, then the total number 
of candies is... pieces 
A. 60                               D.    75 
B. 65                               E.    80 
C. 70  
 
Reason: ................................................................. 

 
13. The sum of the first n terms of a series is 2n2-n.  14. The number of terms in the geometric sequence:  
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        So the 12th term of the series is... 
A. 564                                   D.   45 
B. 276                                   E.   36 
C. 48 
 
Reason: ................................................................... 
 

         3, 6, 12, ..., 3072 is ... 
A. 9                                 D.   12 
B. 10                               E.    13 
C. 11 

          
        Reason: ................................................................... 
 

15.   A geometric sequence has the 2nd term is 8, and 
the 5th term is 64. The 7th term of the sequence is 
... 
A. 32                                     D.   256 
B. 64                                     E.   512 
C. 128 
 
Reason: ................................................................... 
 

16. The value of the middle term of the geometric 
sequence:  
6, 3, …, 3/512  is … 
𝐴.  

1

16
                                  𝐷.  

4

16
 

𝐵.  
2

16
                                  𝐸.   

5

16
 

𝐶.  
3

16
     

Reason:............................................... 
 

17.   A piece of wire is cut with the first piece being 8 
cm, and the next piece 1.5 times the previous cut. 
Then the 5th piece is... cm 
A. 18                                     D.   35 
B. 24                                     E.   40,5 
C. 27,5 
 
Reason: .................................................................... 

 

18.  The sum of an infinite geometric series is 12 and the 
first term is 9. The ratio is ... 

A. 
3

4
                                     D.  −

1

2
 

B. 
1

4
                                     E.  −

3

4
 

C. 
1

3
 

 
        Reason: .................................................................. 
 

19. A  ball falls from a height of 10 m and bounces 
back 3/4 times its previous height. The total 
number of paths until the ball stops is....  m 
A. 60                                    D.   90 
B. 70                                    E.   100  
C. 80  

         
       Reason: ........................................................ 

 

20. Given [4 8 5
6 3 1

] = [
2𝑎 𝑏 + 𝑎 5
6 3 1

].  

 
The value of  3a + b is ... 
A. 8                                    D.   14 
B. 10                                  E.   20 
C. 12 

          
       Reason: ......................................................... 

21. Given  𝐾 = [
𝑎 2 3
5 4 𝑏
8 3𝑐 11

]  and  𝐿 =

[
6 2 3
5 4 2𝑎
8 4𝑏 11

].  

 
If K = L, then c is  ... 
A. 12                                      D.   15 
B. 13                                      E.   16 
C. 14 
Reason: 
...................................................................... 
 

22. Given 𝐴 = [
1 2
3 4

] , 𝐵 = [
2 3
0 1

],  𝐶 = [
5 2

−1 0
].  

 
Then  (A + C) – (A + B) is ... 

𝐴.   [
5 4
5 4

]                           𝐷.   [
3 −1

−1 −1
] 

𝐵.   [
4 7
2 5

]                           𝐸.    [
7 −1
1 −1

] 

𝐶.  [
4 0

−4 −4
] 

Reason: ..................................................................... 

 

23. Given matrix  𝑃 = [
1 3 1
2 4 5
0 7 6

], then (𝑃𝑡)𝑡 adalah 

... 

𝐴.   [
1 2 0
3 3 7
1 5 6

]                         D.   [
0 7 6
2 4 5
1 3 1

] 

𝐵.   [
1 3 1
3 3 7
1 5 6

]                         E.    [
0 7 6
2 4 5
1 3 1

] 

𝐶.   [
1 3 1
2 4 5
0 7 6

] 

24. Given matrix 𝐴 = [
2𝑥 −5
3 𝑦

], 𝐵 = [
𝑦 2
2 4

],  and 

𝐶 = [
8 −3
5 2𝑥

].   

 
If  A + B = C,  then  x + y = ... 
A. –5                                D.   3                                          
B. –1                                E.   5 
C. 1 
 
Reason: .......................................................... 
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           Reason: ................................................................. 
 

25. If  𝐴 = [3 5] and 𝐵 = [
1 4
2 6

],  then 2AB adalah 

... 
𝐴.   [13 42]                             D.   [13 84] 
𝐵.   [26 84]                             E.    [30 36] 
𝐶.   [26 42] 

         Reason: ................................................................... 
 

 

26. If  [ 1 −3
−2 4

], 𝐵 = [
−2 0
1 3

], and 𝐶 = [
3 −1
1 −2

]  

 
then  A(B – C) = ... 
 

𝐴.   [
−5 −14
10 18

]                       D.    [ 1 −2
−2 2

] 

𝐵.   [
−5 −4
10 6

]                          E.    [−7 19
−2 20

] 

𝐶.   [
1 −16

−2 22
] 

       Reason: .......................................................... 

27.  Matrix X  that satisfies  [1 2
3 4

] 𝑋 = [
4 3
2 1

]  is ... 

𝐴.    [
−6 −5
5 4

]                       D.    [ 4 −2
−3 1

]  

𝐵.    [
5 −6
4 5

]                          E.    [ 4 −2
−3 1

] 

𝐶.    [
−6 −5
4 5

] 

Reason: ............................................................ 

28. If  matrix 𝐴 = [
3 −𝑥
6 8

] is singular matrix.  

Value of x that satisfies is …. 
 
A.  – 5                                D.   3 
B. – 4                                 E.   4 
C. – 3 

          
       Reason: ........................................................... 

 

29. Given matrix A = [
0 2 3

−2 0 4
−3 −4 0

], then matrix 

determinant  A is ... 
A. 0                                      D.   2 
B. 1                                      E.   4 
C. 2 
 
Reason: ................................................................ 

 
 

30. Transpose matrix P adalah PT. If 𝑃 = [
4 7
3 5

] then 

matrix (PT) – 1 is  ... 

𝐴.    [
−5 7
3 −2

]                       𝐷.   [
−3 5
4 −7

] 

𝐵.   [
3 −4

−5 7
]                        𝐸.   [

4 −3
−7 5

] 

𝐶.   [
−5 3
7 −4

] 

Reason: ................................................................... 

31. Given 𝐴 = [
4 3
2 2

] and 𝐵 = [
5 2
3 1

].  

Inverse matrix AB adalah (AB) – 1 = ... 

𝐴.   
1

2
[
−6 11
16 −29

]                𝐷.  −
1

2
[

6 11
16 29

] 

𝐵.   
1

2
[
29 11
16 6

]                     𝐸.   −
1

2
[
−6 11
16 −29

] 

𝐶.  −
1

2
[
29 11
16 6

] 

Reason: ............................................................... 

 

32. The roots of the quadratic equation  3 dan – 4 are ... 
𝐴.   𝑥2 + 𝑥 − 12 = 0 
𝐵.   𝑥2 − 𝑥 − 12 = 0 
𝐶.   𝑥2 − 𝑥 + 12 = 0 
𝐷.   𝑥2 − 3𝑥 + 4 = 0 
𝐸.   𝑥2 − 4𝑥 + 3 = 0 
 
Reason: ..................................................................... 

33. The roots of the quadratic equation 5𝑥2 + 4𝑥 −
12 = 0 are … 
𝐴.  − 2 dan 

5

6
                              𝐷.   − 2 dan −

6

5
 

𝐵.   2 dan −
5

6
                                  𝐸.   − 2 dan 

6

5
 

𝐶.   2 dan 
6

5
 

Reason: ................................................................. 

34. The roots of the equation 𝑥2 − 2𝑥 − 3 = 0 are 𝑥1 
and 𝑥2.  If 𝑥1 > 𝑥2, then  𝑥1 − 𝑥2 is  … 
𝐴.   − 4                                        D.  2 
𝐵.   − 2                                        E.  4 
𝐶.   0 

          
       Reason: .......................................................... 

35. The roots of the quadratic equation  2𝑥2 − 3𝑥 −
9 = 0 are  𝑥1 dan 𝑥2.  Value of  𝑥1

2 + 𝑥2
2  is  … 

 

36. The roots of the quadratic equation:  
 𝑥2 + 2𝑥 + 3 = 0 are α dan β. The quadratic 
equation  (α – 2) dan (β – 2) is  … 
a. 𝑥2 + 6𝑥 + 5 = 0 
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𝐴.   11
1

4
                                       D.  −6

3

4
 

𝐵.   6
3

4
                                         𝐸.  − 11

1

4
 

𝐶.   2
1

4
 

Reason: .............................................................. 

b. 𝑥2 + 6𝑥 + 7 = 0 
c. 𝑥2 + 6𝑥 + 11 = 0 
d. 𝑥2 − 2𝑥 + 3 = 0 
e. 𝑥2 + 2𝑥 + 11 = 0 
 
Reason: ......................................................... 
 

37.  A quadratic function that has a minimum value 2  
for  x = 1 and has a value of 3 for x = 2 is … 
A. 𝑦 = 𝑥2 − 2𝑥 + 1 
B. 𝑦 = 𝑥2 − 2𝑥 + 3 
C. 𝑦 = 𝑥2 + 2𝑥 − 1 
D. 𝑦 = 𝑥2 + 2𝑥 + 1 
E. 𝑦 = 𝑥2 + 2𝑥 + 3 
 
Reason: ............................................................. 
 

 

38. The figure  below is a graph of the quadratic 
equation ? … 
𝐴.   𝑦 = 𝑥2 + 2𝑥 + 3 
𝐵.   𝑦 = 𝑥2 − 2𝑥 − 3 
𝐶.   𝑦 = −𝑥2 + 2𝑥 − 3 
𝐷.   𝑦 = −𝑥2 − 2𝑥 + 3 
𝐸.   𝑦 = −𝑥2 + 2𝑥 + 3 

           
       Reason: ......................... 

39.  If f is a quadratic function whose graph passes 
through the points (1,0), (4,0) and (0, –4) then the 
value of f(7) is … 
A.  – 16                                    D.  – 19 
B. – 17                                     E.   – 20 
C. – 18 
 
Reason: ...................................................... 
 

40. The graph equation of a quadratic function has an 
extreme point  (–1, 4) and through (0, 3) is  … 
𝐴.   𝑦 = −𝑥2 + 2𝑥 − 3        𝐷.   𝑦 = −𝑥2 − 2𝑥 − 5 
𝐵.   𝑦 = −𝑥2 + 2𝑥 + 3         𝐸.   𝑦 = −𝑥2 − 2𝑥 + 5 
𝐶.   𝑦 = −𝑥2 − 2𝑥 + 3 
 
Reason: .............................................................. 
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The Development of an Assessment Instrument Using Polytomous 
Response in Mathematics 

 
 
 
 
Abstract:This research is development research aimed to produce a good instrument of 

assessment in mathematics using polytomousresponse according to classical and modern 

theories. This research design uses the Plomp model which consists of five stages, namely: 

preliminary investigation, design, realization or construction, trial, revision, and 

implementation (testing). The study was conducted in three vocational schools in Lampung, 

Indonesia. The study involves 413 students consisting of 191 male students and 222 female 

students. The data were collected through questionnaires and tests. Questionnaire wasto 

identify instruments commonly used by teachers so far and to validate instruments by experts. 

The test used multiple-choice tests with open reasons as many as 40 items. The data 

wereanalyzed in two ways, namely analysis with classical and modern theories. The results 

show that the open polytomous response test have a good category according to classical and 

modern theory, and the open polytomous response test can provide information on the actual 

competence of students; this is observed in the students' arguments in giving reasons for their 

choices. Therefore, the open polytomous response test can can be used as an alternative to  

learning assessment.  

 
Keywords:assessment for learning, classical and modern theory, multiple choice tests with  

open reason, polytomous response, vocational school 
 
 
 

Introduction 

Assessment is an important activity and needs to be done by teachers in schools. The 

conventional paradigm often interprets the assessment as a way to find out the achievement 

of student learning outcomes as a whole, so that the assessment is positioned as a separate 

activity from the learning process(Syaifuddin, 2020). If referring to the current paradigm, 

assessment in schools is divided into three parts, namely assessment as learning, assessment 

for learning, and assessment of learning(Wulan, 2018). Assessment as learning has almost the 

Attachments: 3rd round_EU-JER_21112502244011_R2613.doc             Wed, Mar 16, 2022 at 7:00 PM 
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same function as assessment for learning but assessment as learning involves students in 

assessment, such as assessing themselves or colleagues.Assessment of learning is an 

assessment carried out after all learning ends and aims to assess student achievement. 

Assessment for learning is an assessment carried out during the learning process and aims to 

improve learning.It can play a role in preventing students from experiencing further learning 

failure because of its position between the other two assessments(Earl, 2013)as shown in the 

following assessment pyramid (Figure 1). 

 

Figure 1. Assessement Pyramid 
 

Assessment activities can be applied with tests. A test is a tool or procedure used to find out 

or measure students' abilities about something with certain rules(Arikunto, 2012). Atest 

consists of two types, namely multiple choice and essay.Multiple choice test is a form of 

assessment in which each item provides an answer choice, and one of the choices is the 

correct answer. The essay test is a form of assessment that requires answers in sentences or 

words. Each type of test has strengths or weaknesses with each other. The strength of 

multiple-choice tests over essays is that multiple-choice tests can be conducted for many 

students, are more objective, and the test results can be known more quickly; but has a 

weakness, namely the multiple choice test is not able to see the actual abilities of students and 

the answers tend to guess or try it out(Rosidin, 2017).In addition, the strength of the multiple 

choice test has a scoring certainty compared to the essay test, namely 1 and 0 (Getting score 

of 1 for the correct answer, and  score 0 for the wrong answer choice).Multiple choice tests 
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with only two answer choices are called dichotomous tests, and multiple choice tests with 

more than two answer choices are called polytomous tests(Kartono, 2008). 

Until now, multiple choice tests are still widely used by teachers to assess students' abilities, 

especially students with a large number and wide area. To reduce the weakness of multiple 

choice tests, in the last four decades, experts have developed multiple choice tests by 

combining multiple choice tests and essays into multiple choice tests with reasons, and called 

polytomous tests with responses; or abbreviated the polytomous response test(Suwarto, 

2012). The polytomous response test score is 1-4. Score 4 for the correct answer and reason, 

score 3 for correct answer but wrong reason, score 2 for wrong answer but correct reason, and 

score 1 for wrong answer and reason(Kartono, 2008). 

In the 80s, the first time that was focused on and developed by experts was the closed 

polytomous response test(Treagust, 1988), and this test aims to diagnose misconceptions in 

biology, physics, and chemistry. This test consists of two levels; The first level is choosing 

answers on the multiple choice test, and the second level is choosing reasons based on the 

answer choices at the first level(Chandrasegaran et al., 2007). Several studies on the closed 

polytomous response test have been carried out, such as tests on light and optical materials 

(Widiyatmoko & Shimizu, 2018), test on calculus material(Khiyarunnisa & Retnawati, 2018), 

test on acid and base material(Andaria & Hadiwinarto, 2020), test on reasoning 

material(Ambarwati et al., 2020), test on human digestive system material(Jamhari, 2021), 

test on mathematical connection material(Lestari et al., 2021). Meanwhile, the development 

of multiple-choice tests with open reasons is still limited, namely mathematics in 

calculus(Yang et al., 2017), and outside mathematics, namely physics in Higher Order 

Thinking Skills(Prasetya et al., 2019). Although the closed polytomous response test has been 

widely developed, researchers have found weaknesses in the test, such as students' 
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misconceptions cannot be known in detail(Antara et al., 2019), the test instrument is difficult 

to construct(Khusnah, 2019), student answers are still guessing(Myanda et al., 2020). 

However, there are strengths in the closed polytomous response test, such as  the consistency 

of student answers errors is easy to observe(Treagust, 1988), and The suitability between the 

student's answer choices and the reason is easy to know(Diani et al., 2019). 

To reduce the weakness of the closed polytomous response test, the experts modified the test 

to be the open polytomous response test.The open polytomous response test is a form of 

multiple choice test that provides a place to write arguments for the answer 

choices(Retnawati, 2014). Until now, research on the open polytomous response test is still 

very limited, such as tests on calculus material in universities(Yang et al., 2017), and tests on 

physics material in high school(Prasetya et al., 2019). Because there is still limited research 

on the open polytomous response test, it is necessary to conduct research on research subjects 

with other characteristics. This research was conducted on students in vocational schools who 

have different characteristics from students in college or high school. The characteristic 

difference is students in vocational schools place mathematics as a secondary subject, while 

students in colleges and high schools place mathematics as a primary subject(Oktaria, 2016). 

In addition, graduate students in vocational schools are more oriented towards practical 

abilities and skills, and in contrast to graduate students in colleges and high schools are 

academically oriented(Permendikbud, 2016). Therefore, it is reasonable to conduct research 

by developing the open polytomous response testfor students in vocational schools. The test 

instrument developed must be accountable as a condition of a good test, and it is necessary to 

analyze the quality of the item(Rosidin, 2017). 

There are two theories in analyzing item quality, namely classical and modern theory. 

Classical theory is a measurement theory for assessing tests based on the assumption of 
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measurement errors between actual results and observations, and from the assumption, a 

formula for calculating the level of difficulty and item discrimination was 

developed(Hambleton & Jones, 1993). Modern theory is a measurement theory to assess 

students' abilities by comparing students' abilities with their group abilities, and is known as 

Item Response Theory/IRT(Hambleton & Linden, 1982).  Classical theory is widely used by 

teachers because it is easy to apply. However, this classical theory has a weakness, namely it 

cannot separate the characteristics of students and items, also the characteristics of items will 

change when students change. So, classical theory is considered less able to provide 

information about students' actual abilities. Modern theory is a solution to overcome the 

weaknesses of classical theory, because in modern theory an item does not affect other items 

(local independence), and items only measure one dimension/unidimensional (Anisa, 2013) , 

and an item eliminates the relationship between respondents and items (parameter 

invariance)(Saepuzaman et al., 2021). Therefore, experts suggest that the test instrument is 

accountable, the quality of the items must be good according to the analysis of classical and 

modern theory(Retnawati, 2014). 

This research is a development research that aims to produce a good open polytomous 

response test according to classical and modern theory. The problem formulations proposed 

are (1) does the open polytomous response test have a good category according to classical 

and modern theory?, and (2) can the open polytomous response test provide information on 

the actual competence of students?. 

 
Methodology 

Research Design 

This research is a research and development that refers to Plomp’s model(Plomp, 2013)with 

the research procedure consisting of five stages, namely preliminary investigation, design, 
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realization or construction, test phase, revision, and implementation (test). 

 
 
 
 
 

 
 

Figure 2. Stages of Research Design 

 

The preliminary investigation stage is to identify the assessment instruments used by teachers 

so far. The design stage is to make the open polytomous response test grid according to the 

basic competencies of mathematical concepts and to make an expert assessment 

questionnaire sheet. The realization or construction stage is developing the items test, and 

also the expert validation process for the items test. The revision stage is the improvement of 

items test based on expert advice. The implementation (test) stage is to try out the test to 

students, and analyze the results of the test. 

 
Research Subject 

The subjects of the study are students of a vocational school in the province of Lampung, 

Indonesia. The research sample is determined using a non-probability sampling technique in 

the form of accidental sampling. It means taking the subject based on a subject that is easy to 

find and ready to be a respondent(Malhotra, 2006). The selected schools are three schools as 

representatives, namely the Mitra Bhakti vocational school, the Praja Utama vocational 

school, and the Ma'arif NU vocational school. The research subjects are 413 students at grade 

I (male students = 191, and female students = 222), whose mathematical abilities on the 

National Exam (NE) were categorized as moderate (average 64.67 from the ideal score of 

100). The following are the characteristics of the research subjects in detail shown in Table 1. 

 
 
 

Realization/construction Design Preliminary investigation 

Implementation (Test) Revision 
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Table 1. Research Subjects 

Vocational 
Schools Grade 

The Number of Students 
Average of NE 

Total Male  Female 

Mitra Bhakti 
I-A 13 5 8 64.24 
I-B 23 10 13 62.4 
I-C 29 9 20 65 

Praja Utama 

I-A 40 40 0 64 
I-B 39 39 0 64.62 
I-C 43 15 28 68.72 
I-D 38 15 23 67.9 
I-E 41 14 27 67.56 
I-F 40 17 23 63.38 
I-G 40 8 23 67.74 

SMK Ma’arif NU 
I-A 31 14 17 62.1 
I-B 36 5 51 58.34 

Total 413 191 222  64.67 
 
 
Data Collecting Technique 

Data were collected using a questionnaire and test. The questionnaire contains several 

questions to the teacher about the instrument for assessment used by the teacher and also 

expert validity of the instrument developed and to determine content validity(Suhaini et al., 

2021). The instrument was validated by two people who have expertise in mathematics and 

educational evaluation. The three aspects assessed by the expert are the suitability of the 

items with the indicators, language, and alternative answers to the questions. The score in 

validating the instrument follows the criteria as in Table 2 below. 

Table 2. Content Validity Score 

Description Score 
Irrelevant 1 

Quite relevant 2 
Relevant 3 

Very relevant 4 
 

After determining content validity, the instrument was tested on students. Then, it was 

continued by determining the validity of the construct and its reliability, with the aim that the 

instrument can be further analyzed. 

 
The instrument used wasthe open polytomousresponse testwhich consisted of 40 questions on 

the concepts of sequences and series (arithmetic and geometry), quadratic equations and 
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functions, and matrices. Each item contains five answer choices along with the reasons. 

Student answers scorerefers to the polytomous score in the Partial Credit Model, where 

answer choices and reasons are related(Retnawati, 2014), as shown in Table 3 below. 

Table 3. Student AnswersScore 

Student Answers 
Score 

Answer Options Reason 
False False 1 
False Right 2 
Right False 3 
Right Right 4 

 
 
Data Analysis 

The research data obtained are analyzed in two stages, namely (1) questionnaire data analysis 

(qualitative analysis), and (2) test data analysis (empirical analysis). The following is an 

explanation of each data analysis. 

1. Questionnaire data analysis (qualitative analysis) 

The questionnaire data analyzed includetwo parts, namely identification data on the 

instruments used by the teacher and expert validation data. The identification data on the 

instrument are analyzed descriptively, and the expert validation data are analyzed for 

trends or expert agreement using the Gregory formula(Gregory, 2015), namely: 

 

         V = 
𝐷

𝐴+𝐵+𝐶+𝐷
 

 
Description: 
V = Content Validity 
A = Rater 1 and 2 are weak 
B = Rater 1 is strong, and rater 2 is weak 
C = Rater 1 is weak, and rater 2 is strong 
D = Rater 1 and 2 are strong 
 
The interpretation of Gregory's formula is that the number V is in the range 0 - 1. The 

higher the number V (close to 1 or equal to 1), the higher the value of the validity of an 

item. Conversely, the lower the number V (close to 0 or equal to 0), the lower the value of 
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the validity of an item. 

2. Test data analysis (empirical analysis) 

After the content validity test, it is followed by construct validity and reliability tests. The 

construct validation test uses exploratory factor analysis. The instrument is considered to 

have a good construct if the explained Kaiser-Meyer-Olkin (KMO) value is more than 

0.5(Retnawati, 2014). Reliability test using Cronbach's Alpha formula. The instrument is 

said to have good reliability if the coefficient value of Cronbach's Alpha is 0.60(Arikunto, 

2012). If the instrument has good construct validation, further tests can be analyzed, 

namely the level of difficulty and item discrimination. The reason for analyzing the level 

of difficulty and item discrimination is because they are both preliminary analyzes of the 

assumptions of measurement theory(Hambleton & Jones, 1993).  To simplify the process 

of analyzing the level of difficulty and item discrimination, the Iteman program is used for 

classical theory, and the Winsteps program for modern theory(Sarea & Ruslan, 2019). The 

Winsteps program is used because it has several advantages(Untary et al., 2020), namely, 

it can analyze polytomous data and can analyze the maximum likelihood model using a 1-

parameter logistic model. 

2.1 Analysis of test data with classical theory 

a. The item difficulty level is the percentage of the number of students who answerthe 

questions correctly or incorrectly. The difficulty of a good (medium) item is if the 

index is in the range of 0.3 to 0.7. If the index is below 0.3 then the item is 

difficult, and vice versa if the index is above 0.7 then the item is easy. 

b. Item discrimination is the item's ability to distinguish high-ability students from 

stupid, low-ability students. Good item discrimination if it has an index above 0.3; 

and if the item discrimination index is below 0.3 then the item needs to be revised 

(Arikunto, 2012). 
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2.2 Analysis of test data with modern theory 

a. The item difficulty level is the level of the student's latent trait towards the item. 

The difficulty of the items identifies the ability of about 50% of respondents who 

are expected to answer items correctly(DeMars, 2010). An item is said to be good 

if it has an index between -2 and +2(Hambleton & Swaminathan, 1985). If the 

index is close to -2, then the item is classified as very easy, and if the index is close 

to +2, the item is classified as very difficult(Retnawati, 2014). In the Winsteps 

program, the item difficulty level is in the Measure column. 

b. Item discrimination is indicated by the slope of the curve on the item 

characteristics. The item is said to have good discrimination if the slope of the 

curve is moderate (not too gentle or steep), because if the slope of the curve is too 

gentle or steep, then the item is not good. Another opinion states that a good index 

is above 0.4(Crocker & Algina, 1986). In the Winsteps program, the item 

discrimination is in the Pt-Measure Corr column. 

According to modern theory, before analyzing the level of difficulty and item discrimination, 

three assumptions must be tested, namely unidimensional, local independence, and model 

fit(Hambleton et al., 1991). Unidimensional means that each test item only measures one 

ability. There are three ways that are often used to test unidimensionality, namely the analysis 

of the Eigen values of the correlation matrix between items, the Stout-test on the 

unidimensional assumption test, and the index based on the residuals on the unidimensional 

solution(DeMars, 2010). In this study, the dimensional test uses the Eigen value analysis of 

the correlation matrix between items. 

 
Local independence is the state of the respondent's answer to an item that is not influenced by 

other items. Local independence test by proving that the probability of the respondent's 

answer pattern is the same as the probability of the respondent's answer on each item. If the 
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unidimensional assumption is accepted, the local independence assumption will automatically 

be accepted(DeMars, 2010). Model fit test to find out whether the model used is in 

accordance with the items. Test the fit of the model by measuring Outfit Mean Square 

(MNSQ) and Pt-Measure. If the Outfit MNSQ value is 0.5 to 1.5 and the Pt-Measure Corr is 

positive, it is said that the item fits the model(Linacre, 2012). In addition, the information 

function and standard error measurement (SEM) are analyzed which aims to further explain 

the latent ability as measured by using a test that is expressed through item donations. 

 
 

Findings/Results 

 
Analysis of Questionnaire Data 

Based on the results of the questionnaire, it is found that so far the teacher has never used the 

polytomous response instrument with a multiple-choice test with open reasons. As many as 

80% of teachers use essay tests and 20% of teachers use multiple choice tests, with each 

instrument consisting of 2-5 items. In addition, about 10% of teachers use this assessment as 

a learning improvement, such as improving lesson plans and teaching models/methods. The 

results of the questionnaire stated that 90% of teachers who do not use assessment as an 

improvement in learning are caused by several aspects, such as teachers are not 

understanding assessment (20%), teachersare not knowing how to analyze assessments 

(50%), and teachers are not knowing how to develop good assessment questions (30%). The 

following is a summary of the questionnaire data from the identification of assessment for 

learning instruments. 
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Figure 3. Description of Teacher Condition in Assessment for Learning 

 
 
Content Validity 

The results of the two expert assessments show that the content validation instrument is good. 

Furthermore, the analysis of expert judgment agreement with the Gregory Index formula is 

obtained as shown in Table 4 below. 

Table 4. Index Gregory Items 
 

 Rater 1 
weak strong 

Rater 2 
weak 0 0 
strong 0 40 

Index Gregory 1 
 

 
Based on the results of the assessment in Table 4, it can be concluded that the instrument is 

valid because the value of V reaches a value of 1. Therefore, the instrument test can be 

continued. In addition to providing assessments, the experts also provide some suggestions 

for improvements to the instrument, namely the preparation of questions using the ABCD 

format (Audience, Behavior, Competence, and Degree), avoiding the use of ambiguous 

language or statements, improving mathematical concepts, making alternative answer choices 

that are misleading, and arrange them in order. 

 
Analysis of Test Data 

Construct Validity 

After testing the instrument, it is followed by a construct validity test. The results of thetest 

80%
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with exploratory factor analysis are shown in Table 5. 

Table 5. Exploratory Factor Analysis 

KMO and Bartlett's Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
Bartlett's Test of Sphericity Approx. Chi-Square 1936.378 

Df 780 
Sig. .000 

 
Based on Table 5, the explained KMO value is 0.76 (more than 0.5), and it can be concluded 

that the variables and samples used to allow for further analysis. 

 
Reliability 

The results of the estimation of the reliability of the instrument obtained the Cronbach's 

Alpha coefficient value of 0.89 (more than 0.6). It means that the instrument has good 

reliability so that the analysis of the level of difficulty and item discrimination can be 

continued according to the classical and modern methods. 

Table 6. Item Reliability 

Cronbach’s Alpha N of Items 
0.892 40 

 
 
Analysis of Test Data with Classical Theory 

Analysis of test data with classical theory does not require testing assumptions, but the 

analysis of the level of difficulty and item discrimination can be directly calculated. The 

results of the analysis of the level of difficulty and item discrimination are obtained as shown 

in Table 7 below. 

Table 7. Level of Difficulty and Item Discrimination 
Item Level of 

difficulty 

Category Discrimination Category Item Level of 

difficulty 

Category Discrimination Category 

1 0.538 good 0.196 Revised 21 0.482 good 0.143 revised 

2 0.487 good 0.179 Revised 22 0.535 good 0.429 good 

3 0.528 good 0.214 Revised 23 0.492 good 0.250 revised 

4 0.540 good 0.304 Good 24 0.438 good -0.071 revised 

5 0.489 good 0.089 Revised 25 0.436 good -0.107 revised 

6 0.446 good -0.161 Revised 26 0.385 good -0.286 revised 

7 0.438 good -0.232 Revised 27 0.383 good -0.321 revised 
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8 0.453 good -0.143 Revised 28 0.416 good -0.143 revised 

9 0.414 good -0.143 Revised 29 0.458 good -0.125 revised 

10 0.409 good -0.339 Revised 30 0.385 good -0.375 revised 

11 0.438 good -0.143 Revised 31 0.404 good -0.321 revised 

12 0.436 good -0.036 Revised 32 0.433 good -0.250 revised 

13 0.400 good -0.321 Revised 33 0.441 good 0,036 revised 

14 0.450 good -0.036 Revised 34 0.424 good -0.268 revised 

15 0.462 good 0.250 Revised 35 0.412 good -0.321 revised 

16 0.453 good -0.089 Revised 36 0.431 good -0.304 revised 

17 0.416 good -0.143 Revised 37 0.404 good -0.232 revised 

18 0.419 good -0.196 Revised 38 0.363 good -0.482 revised 

19 0.431 good -0.232 Revised 39 0.230 good -0.929 revised 

20 0.441 good -0.089 Revised 40 0.211 good -1.071 revised 

 
 
Based on Table 7, it is found that all items have an item difficulty level in the index range of 

0.3 to 0.7, sothey are included in the good category. Meanwhile, only two items on 

discrimination have good categories, and the remaining items need to be revised. The results 

indicate that all items are good based on the level of difficulty, but almost all items need to be 

revised for item discrimination. 

 
Analysis of Test Data with Modern Theory 

Unidimensional Assumption Test 

The unidimensional assumption test is the first assumption test with factor analysis. Factor 

analysis begins by testing the adequacy of the sample to be used in the analysis, constructing 

a variance-covariance matrix, then calculating the eigenvalues. The eigenvalue is then used to 

calculate the percentage of explained variance, as well as describe the scree plot(Retnawati, 

2014). The output of factor analysis is the Kaiser-Meyer-Olkin Measure of Sampling 

Adequacy (KMO) statistic and scree plot. 

Table 8. KMO Test 

KMO Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
 Sig. .000 

 
 
The unidimensional test is based on the cumulative percentage of eigenvalues and scree plots. 
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If the cumulative percentage of eigenvalues in the first factor is more than 20%, then the 

unidimensional assumption is accepted(Retnawati, 2014). In Table 9, it can be seen that the 

cumulative percentage of the eigenvalues in the first factor is 20.220%. The cumulative 

percentage of the eigenvalues has exceeded 20%,so the instrument in the study is proven to 

only measure one factor or dimension. 

Table 9. Total Variance Explained 

Component 
Initial Eigenvalues 

Total Variance (%) Cumulative (%) 
1 8.088 20.220 20.220 
2 1.458 3.646 23.865 

 
 
In addition, the unidimensional test can also be seen on the scree plot which is based on the 

number of factors marked by the steepness of the graph with the acquisition of eigenvalues. 

 

Figure 4. Scree Plot Unidimensi 
 
 
Based on the scree plot, it is known that the eigenvalues immediately slope on the second 

factor. It shows that there is only one dominant factor in the developed instrument. The 

results prove that the test kit meets the unidimensional assumption or in other words only 

measures one dominant factor. 

Local Independence Assumption Test 

The local independence assumption test will be accepted if the respondent's answer to one 
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item does not affect the respondent's answer to another item. Thus, the score of one item 

should not be determined or dependent on the scores of other items. It confirms that the 

assumption is automatically proven after being proven by the unidimensionality of the 

respondent's data on a test(Retnawati, 2014). 

Table 10. Covariance Matrix 

 K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 

K1 0.0486                

K2 0.012 0.0042               

K3 0.0105 0.0034 0.0032              

K4 0.0317 0.0106 0.0093 0.0293             

K5 0.01 0.0032 0.0029 0.0085 0.0028           

K6 0.0069 0.0023 0.0021 0.0062 0.002 0.0016         

K7 0.0036 0.0011 0.0009 0.0028 0.0009 0.0007 0.0004       

K8 0.0041 0.0015 0.0012 0.0037 0.0011 0.0008 0.0004 0.0006     

K9 0.0074 0.0024 0.0022 0.0065 0.002 0.0015 0.0007 0.0009 0.0017   
K10 0.021 0.0061 0.0054 0.0148 0.0051 0.0039 0.0017 0.0025 0.0043 0.0196 

 
 
Data in Table 10 shows the results of the variance-covariance values between groups of 

students' abilities. It can be seen that the covariance value between the ability interval groups 

located on the diagonal is small and close to zero. It can be concluded that there is no 

correlation, so it can be said that the local independence assumption test is accepted. 

Model Fit 

The model fit test is analyzed using the Winsteps program. The item requirements are called 

fit to the model if the Outfit MNSQ value is 0.5 to 1.5 and the Outfit ZSTD value is -2 to 2, 

and the Pt-Measure Corr is positive, then it can be said that the item fits the 

model(Sumintono & Widhiarso, 2015). An item is considered fit if one of the conditions is 

accepted. In addition, it can also be seen from the MNSQ infit of 0.77 to 1.3, but at this stage, 

the fit of the model is only taken on the MNSQ and Pt-Measure outfit values. Based on the 

results of the analysis, all items match the model or fit (Table 11). 
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Table 11. Item Fit on Model 

 
 
 
Difficulty Level 

The item difficulty level is analyzed using the Winsteps program, and the results obtained can 

be presented in Table 12 (Measure column). The item difficulty level is in the range of -0.70 

to 0.84.From Table 12, the highest difficulty level is item 40 (difficulty level 0.84), and the 

lowest difficulty level is item 1 (difficulty level -0.70). Since the difficulty level is in the 

range of -2 and 2, it can be concluded that all items are in the good category. If further 

divided into three categories, the difficulty level of items in the range of -0.7 to 0.84 is 

moderate(Sumintono & Widhiarso, 2015). It can also be seen on the difficult map items, 

namely the difficulty level is in the range of -2 and 2. 

 

 

 



18 
 

Table 12. Item Difficulty Level 

 
 

 
 

Figure 5. Item Difficulty Map 
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Item Discrimination 

The item discrimination analysis used the Winsteps program and the results are presented in 

Table 13 (column PT-Measure Corr). Item discrimination is in the range of 0.23 to 0.74; with 

details of 27 items having an index above 0.4 (good category), and 13 items having an index 

below 0.4 (bad category). However, the 13 items can be used as an instrument as long as the 

index is above 0(Alagumalai et al., 2005). 

Table 13. Item Discrimination 

 
 
Comparative Analysis between Classical and Modern Theory 

The results of the analysis of classical and modern theory obtained the index of difficulty 

level and item discrimination as follows. 
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Table 14. Analysis Classical and Modern Theories 

Parameter 
Classical Theory Modern Theory 

Many Items with 
Good Category 

Percentage Many Items with 
Good Category 

Percentage 

Difficulty level 40 100 40 100 
Item discrimination 2 0.05 27 67.5 

 
 
Based on Table 14, the level of item difficulty analyzed by classical and modern theory has 

the same results (good category). However, item discrimination using modern theory has 

more items in good category than using classical theory. If we compare the index of 

discriminatory items between classical (Table 7) and modern (Table 13), it can be seen that 

there is a match between the categories of item discrimination. It means that if the item 

discrimination is not good with the classical theory, then the item discrimination is also not 

good with the modern theory (13 items correspond to the item discrimination index, and 27 

do not match). 

Information and Measurement Error (SEM) Function 

The function of information to reveal latent ability is measured by using a test that is 

expressed through item donation. The test information function is also the sum of the 

functions of each item. The information function is inversely proportional to measurement 

error or Standard Error Measurement (SEM). The value of the information function of the 

test device will be high if the items that make up the test have a high information function. 

The following is a picture of the curve of the relationship between the information function 

and SEM. 
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Figure 5. Graph of Information Function and Measurement Error 
 
 
Figure 5 shows that the instrument provides a maximum of 22.36 information and has the 

smallest measurement error of 0.21 if it is given to students with moderate ability, which is 

0.2. The lower limit and upper limit of the interval is the ability score where the graph of the 

information function and the SEM graph intersect in that interval. The graph indicates that 

the greater the value of the information function, the smaller the measurement error (SEM). 

Item information function states the strength or contribution of test items in revealing the 

latent trait as measured by the test. With the item information function, it is known which 

items match the model, thus helping in the selection of test items(Retnawati, 2014). In 

conclusion, the characteristics of the test kit are suitable for students with moderate abilities. 

 
Based on the test results, in addition to knowing the quality of the developed test instruments, 

it can also be seen the ability of students to work on the questions given. Instrument analysis 

is based on two patterns of student answers that have the same tendency based on Bloom's 

Taxonomy(Bloom, 1956). A total of 6 student answers were selected as samples with 

different abilities (high, medium, and low). 

 
Item 1: the cognitive domain to be achieved is C2 (Understanding). Based on students' 

answers, the two dominant patterns of student answers are (1) students have understood the 

general form of arithmetic sequences and know the first term and other terms, and (2) 

students have not been able to formulate general forms in arithmetic sequences and perform 
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algebraic operations on general forms. arithmetic sequence. 

Question 1: Pattern 1: Pattern 2: 

 

  

Figure 6. Student Answers in Item 1 
 

 
Item 2: the cognitive domain to be achieved is C2 (understanding). Based on students' 

answers, the two dominant patterns of student answers are (1) being able to understand and 

determine the number of terms in a sequence by using the general formula for an arithmetic 

sequence or determining the number of arithmetic sequences without using a general formula 

(only writing down all the terms from the first term until the last term), and (2) students who 

can already use the general formula for arithmetic sequences but have not been able to 

determine the number of arithmetic sequences because of errors in performing algebraic 

operations on general arithmetic sequences. 

Question2: Pattern 1 Pattern 2 

 
  

Figure 7. Student Answers in Item 2 
 
 
Item 3: the cognitive domain to be achieved is C3 (applying). Based on students' answers, the 

two dominant patterns of student answers are (1) students have understood and determined 

the difference or difference between two non-adjacent arithmetic sequences using the general 

formula for arithmetic sequences, and (2) other students can determine the number of 

arithmetic sequences even though they are not using a general formula or by writing the 
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terms of the known terms and inserting several terms. 

Question 3: Pattern 1 Pattern 2 

 
 

 
 

Figure 8. Student Answers in Item 3 
 
 
Item 4: the cognitive domain to be achieved is C3 (applying). Based on students' answers, the 

two dominant patterns of student answers are (1) students have understood and can determine 

the nth term in an arithmetic sequence that is known to be two non-adjacent terms using the 

general formula for arithmetic sequences, and (2) students cannot determine the number of 

arithmetic sequences because it does not use a general formula, but by writing the terms of 

the known terms and inserting several terms and continuing until the nth term. 

Question  4: Pattern 1 Pattern 2 

 
  

Figure 9. Student Answers in Item 4 
 
 
Item 5: the cognitive domain to be achieved is C1 (remembering). Based on students' 

answers, the two dominant patterns of student answers are (1) students have understood and 

determined the middle term of an arithmetic sequence, and (2) students can determine the 

middle term of an arithmetic sequence but do not use general formulas, but by writing the 

terms from known terms and inserts several terms and then defines them. 
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Question 5: Answer Pattern 1 Answer Pattern 2 

 
 

 

Figure 10. Student Answers in Item 5 
 
 
Description of Instrument Development and Student Ability 

The instrument developed from this research is the open polytomous response test and all 

parameters have been accepted. This instrument is a combination of multiplechoice test and 

essay. Multiplechoice tests are easier to check students' answers but students' mathematical 

thinking processes cannot be known in depth. While the essay test has the advantage of being 

able to find out deeper mathematical thinking processes but it takes a long time to check the 

answers. 

 
Assessment of learning instruments that have been carried out with item analysis and the 

results of student analysis is one of the important sources of composite scores to be reported. 

In the final report, the test taker's ability score should be changed to a score of 0 - 10 from 0 - 

100, according to the needs of the school. The transformation uses a linear transformation by 

dividing the score by the ideal score and then the result is multiplied by 10 to get a value in 

the range 0 – 10 or multiplied by 100 to get a score of 0 – 100. In the range 0 – 10, the score 

obtained by students taking the test the highest mathematics learning was 8.56 and the lowest 

was 4.31. In the range 0 – 100, the scores obtained by students with the highest mathematics 

is 85.625 and the lowest is 43.125. 

 
The results of the assessment of students' mathematical abilities are presented in the form of 

very low to very high predicates. The results of the test analysis show that most students 
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havelow and very low abilities, namely 62% (253 students). Meanwhile, students who have 

high and very high abilities are 38% (160 students). The results of another analysis find that 

students who have high abilities tend to work according to the concepts that have been given 

by the teacher but do not follow the completion steps, students who have moderate abilities 

can solve problems according to the concepts that have been given by the teacher and the 

steps, and there are students who have abilities but are not able to use the concepts given by 

the teacher and are not even able to give clear reasons.. 

 
Another result of this study is that teachers agree to provide learning assessments with 

multiple choice questions with open-ended reasons because the instrument is easier for 

teachers to find out students' difficulties in certain materials. In this way, teachers can also 

provide remedial or other assistance to students who have learning difficulties. It means that 

the polytomous response instrument can be used as a way to determine which students need 

remedial or not. In general, previous research stateshow to determine students who need 

remedial only one test, namely multiple-choice tests(Gierl et al., 2017)or essays(Putri et al., 

2020). 

Discussion 

This research is development research to produce the open polytomous response test. The 

instrument is a multiple choice test with open reasons. This instrument is analyzed by 

classical and modern theory. There are differences in the results of the analysis between 

classical and modern theories, namely item discrimination. Classical theory analysis obtains 

38 items with bad criteria and only 2 items with good criteria. In contrast, modern theory 

analysis obtains 27 items with good criteria and 13 items with bad criteria. According to 

evaluation theory, modern theory aims to cover the weaknesses of classical theory. The 

results of classical theory analysis are often categorized as not good but the results of the 

modern analysis are categorized as good, and vice versa(Retnawati, 2014). It means, if you 
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find items that are not in a good category with classical theory, do not be in a hurry to revise 

or replace them before the analysis of modern theory analysis. 

  
Research on assessment for learning with the open polytomous response test is still limited. 

When compared to previous research, there is only one study on assessment for learning with 

polytomous responses(Yang et al., 2017). However, Yang study has several fundamental 

differences, namely the research objectives and data analysis. The research aims to diagnose 

student errors in university on the concept of calculus, not to produce a good assessment 

instrument. The data analysis uses parametric statistics (covariance), not using item analysis 

(classical and modern). Since the objectives and data analysis are different, the results of the 

study cannot be compared with the results of this study. However, this research has provided 

a reference for researchers in making reasoned multiple choice tests, such as the suitability of 

items with indicators, language, and alternative answers to questions. 

 
Other studies are similar to assessment for learning with the open polytomous response 

test(Sarea, 2018). The similarity with Sarea's research lies in the research objectives and the 

analysis used (classic and modern). However, the difference is the researchers do not develop 

their questions and the questions are in the form of the closed polytomous response test. The 

results of Sarea's research states that the comparison of the results of the classical and modern 

theory of item analysis is different. The difference is that the level of difficulty and item 

discrimination in the classical theory is more categorized as good than the modern method. In 

other words, the modern way of stating the level of difficulty and item discrimination is 

categorized as good even though the analysis method states that the items are categorized as 

not good. Likewise with Saepuzaman's research the closed polytomous response test provide 

confidence that items that are not good according to classical theory are actually good items 

according to modern theory. The results of previous studies have provided support for the 
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development of instruments on the polytomus response test, and this test instrument can be 

used as an alternative to all learning assessment (assessment: as learning, for learning, and of 

learning) for all vocational schools in Lampung, Indonesia and even outside Indonesia. 

 

Conclusion 

Based on the results of the research and discussion, conclusions are obtained, namely (1) the 

open polytomous response testhave a good category according to classical and modern 

theory. So, the test instrument requirements are accountable (qualifies for a good test) is a 

good test instrument according to the analysis of the two theories (classical and modern 

theory),and (2) the open polytomous response test can provide information on the actual 

competence of students; this is observed in the students' arguments in giving reasons for their 

choices. this is observed in the students' arguments in giving reasons for their choices. 

Therefore, the open polytomous response test can can be used as an alternative to learning 

assessment.   

 
Recommendation 

Based on the research results, there are several recommendations for teachers, schools, and 

other researchers. For teachers, teachers should familiarize students with giving a test in the 

form of a polytomous response before giving the test. For schools, principals or other leaders 

should encourage other teachers to take advantage of this test, and develop other assessment 

instruments. For other researchers, they should conduct research by developing instruments 

with other polytomous responses (assessment of learning and assessment as learning) on 

other materials.In addition, for further research, conduct a study that develops an assessment 

instrument with a learning response polytomous (pretest). This is important, so that students' 

prior knowledge can be known so that learning can be effective. 
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Limitations 

The research carried out has several limitations. Firstly, the selected schools have not been 

the researchers' expectations, for example representing schools with high, medium, and low 

quality. In addition, during the collection of research data that begins with learning, it is not 

fully controlled by the researcher, so the students who are the research samples are less 

conditioned. The research is only limited to algebraic material (sequences and series, 

matrices, equations, and quadratic functions), and does not represent other mathematical 

materials, such as geometry and statistics. 
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Appendix 
 

Instrument of the Open Polytomous Response Test 
 

 
Name of Student  : ………………………………. 

Class/Department : ………………………………. 

School    : ………………………………. 

 

Instructions : Mark (x) one of the correct answer choices, and give the reason  
(use another piece of paper to write down your reason) 
 

1. Given an arithmetic sequence: 3, 8, 13, 18, ....  
The formula for the nth term of the sequence is .... 
A. Un = 5n – 3                C.    Un = 4n – 1 
B. Un = 5n – 2                D.   Un = 3n + 2 
C. Un = 4n – 1 
 
Reason: ..................................................... 
 

2.  Given an arithmetic sequence: 2, 5, 8, 11, …, 68.  
 The number of terms in the sequence is… 

A. 12                              D.   23 
B. 13                              E.   24 
C. 22 
 
Reason: ...................................................... 

3. An arithmetic sequence, the 5th term is 31 and the 
8th term is 46. The difference between the 
sequences is... 
A. 5                                D.    8 
B. 6                                E.   11 
C. 7 
 
Reason: ...................................................... 
 

4. The 4th and 9th terms of an arithmetic sequence are 
110 and 150. The 30th terms of the arithmetic 
sequence are... 

A. 308                            D.   344 
B. 318                            E.    354 
C. 326 

 
Reason: .............................................................. 

5. An arithmetic sequence is: 3, 8, 13, 18, …, 103.  
Then the middle term of the sequence is … 
A. 53                             D.    11   
B. 52                             E.     10 
C. 20 
D. 11 
E. 10 
 
Reason: ....................................................... 
 

6.  Given the arithmetic sequence: 4, 10, 16, 22, …. .   
     If two  numbers are inserted in every two 
consecutive terms then the 10th term of the sequence  
is... 

A. 18                             D.   24 
B. 20                             E.   26 
C. 22 
 
Reason: ................................................................. 

 
7.   The nth term of an arithmetic series is Un = 3n – 5.  
       The formula for the sum of the first n terms of the 
       series is ... 

A. 𝑆𝑛 =
𝑛

2
(3𝑛 − 7)             D.    𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

B. 𝑆𝑛 =
𝑛

2
(3𝑛 − 5)             E.    𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

C. 𝑆𝑛 =
𝑛

2
(3𝑛 − 4) 

         Reason: ......................................................... 

8.  The sum of the first n terms of an arithmetic series.  
      Sn = n2 – 19n. The formula for the nth term of the  
Series is...... 
 

A. 5n – 20                      D.   2n – 20 
B. 5n – 10                      E.    2n – 10 
C. 2n – 30 
 
Reason: .................................................................. 

9.  The sum of all integers between 100 and 300 which 
are divisible by 5 is ...𝑆𝑛 =

𝑛

2
(3𝑛 − 7) 

A. 8.200                               D.  7.600 
B. 8.000                               E.  7.400 

10.   PT. Angkasa Jaya in the first year produced 5,000 
units. In the second year, production was reduced 
by 80 units per year. In what year did the company 
produce 3,000 units? 
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C. 7.800 
 
Reason: ........................................................ 
 

A. 24                               D.  27 
B. 25                               E.   28 
C. 26 
 
Reason: ............................................................... 

11.  The middle term of an arithmetic sequence is 25.  
If the difference is 4 and the 5th term is 21.  
Then the sum of all the terms in the sequence is ... 

A. 175                                   D.   295 
B. 189                                   E.   375 
C. 275 
 
Reason: ........................................................ 
 

12. A number of candies are distributed among five 
children according to the rules of an arithmetic 
sequence. The younger the child, the more candy he 
gets. If the second child receives 11 pieces of candy 
and the fourth child 19 pieces, then the total number 
of candies is... pieces 
A. 60                               D.    75 
B. 65                               E.    80 
C. 70  
 
Reason: ................................................................. 

 
13. The sum of the first n terms of a series is 2n2-n.  
        So the 12th term of the series is... 

A. 564                                   D.   45 
B. 276                                   E.   36 
C. 48 
 
Reason: ................................................................... 
 

14. The number of terms in the geometric sequence:  
         3, 6, 12, ..., 3072 is ... 

A. 9                                 D.   12 
B. 10                               E.    13 
C. 11 

 
Reason: ................................................................... 
 

15.   A geometric sequence has the 2nd term is 8, and 
the 5th term is 64. The 7th term of the sequence is 
... 
A. 32                                     D.   256 
B. 64                                     E.   512 
C. 128 
 
Reason: ................................................................... 
 

16. The value of the middle term of the geometric 
sequence:  
6, 3, …, 3/512  is … 

𝐴.  
1

16
𝐷.  

4

16
 

𝐵.  
2

16
𝐸.   

5

16
 

𝐶.  
3

16
 

Reason:............................................... 
 

17.   A piece of wire is cut with the first piece being 8 
cm, and the next piece 1.5 times the previous cut. 
Then the 5th piece is... cm 
A. 18                                     D.   35 
B. 24                                     E.   40,5 
C. 27,5 
 
Reason: .................................................................... 

 

18.  The sum of an infinite geometric series is 12 and the 
first term is 9. The ratio is ... 
A. 

3

4
                                     D.  −

1

2
 

B. 
1

4
                                     E.  −

3

4
 

C. 
1

3
 

 
        Reason: .................................................................. 
 

19. A  ball falls from a height of 10 m and bounces 
back 3/4 times its previous height. The total 
number of paths until the ball stops is....  m 
A. 60                                    D.   90 
B. 70                                    E.   100  
C. 80  

 
Reason: ........................................................ 

 

20. Given [4 8 5
6 3 1

] = [
2𝑎 𝑏 + 𝑎 5
6 3 1

].  

 
The value of  3a + b is ... 
A. 8                                    D.   14 
B. 10                                  E.   20 
C. 12 

 
Reason: ......................................................... 

21. Given  𝐾 = [
𝑎 2 3
5 4 𝑏
8 3𝑐 11

]  and  𝐿 =

[
6 2 3
5 4 2𝑎
8 4𝑏 11

].  

 
If K = L, then c is  ... 
A. 12                                      D.   15 

22. Given 𝐴 = [
1 2
3 4

] , 𝐵 = [
2 3
0 1

] , 𝐶 = [
5 2

−1 0
].  

 
Then  (A + C) – (A + B) is ... 

𝐴.   [
5 4
5 4

] 𝐷.   [
3 −1

−1 −1
] 

𝐵.   [
4 7
2 5

] 𝐸.    [
7 −1
1 −1

] 
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B. 13                                      E.   16 
C. 14 
Reason: 
...................................................................... 
 

𝐶.  [
4 0

−4 −4
] 

Reason: ..................................................................... 

 

23. Given matrix  𝑃 = [
1 3 1
2 4 5
0 7 6

], then (𝑃𝑡)𝑡 adalah 

... 

𝐴.   [
1 2 0
3 3 7
1 5 6

]                         D.   [
0 7 6
2 4 5
1 3 1

] 

𝐵.   [
1 3 1
3 3 7
1 5 6

]                         E.    [
0 7 6
2 4 5
1 3 1

] 

𝐶.   [
1 3 1
2 4 5
0 7 6

] 

           Reason: ................................................................. 
 

24. Given matrix 𝐴 = [
2𝑥 −5
3 𝑦

], 𝐵 = [
𝑦 2
2 4

],  and 

𝐶 = [
8 −3
5 2𝑥

].   

 
If  A + B = C,  then  x + y = ... 
A. –5                                D.   3                                          
B. –1                                E.   5 
C. 1 
 
Reason: .......................................................... 
 

25. If  𝐴 = [3 5] and 𝐵 = [
1 4
2 6

],  then 2AB adalah 

... 
𝐴.   [13 42]                             D.   [13 84] 
𝐵.   [26 84]                             E.    [30 36] 
𝐶.   [26 42] 

         Reason: ................................................................... 
 

 

26. If  [ 1 −3
−2 4

], 𝐵 = [
−2 0
1 3

], and 𝐶 = [
3 −1
1 −2

] 

 
then  A(B – C) = ... 
 

𝐴.   [
−5 −14
10 18

]                       D.    [ 1 −2
−2 2

] 

𝐵.   [
−5 −4
10 6

]                          E.    [−7 19
−2 20

] 

𝐶.   [
1 −16

−2 22
] 

Reason: .......................................................... 

27.  Matrix X  that satisfies  [1 2
3 4

] 𝑋 = [
4 3
2 1

]  is ... 

𝐴.    [
−6 −5
5 4

]                       D.    [ 4 −2
−3 1

] 

𝐵.    [
5 −6
4 5

]                          E.   [ 4 −2
−3 1

] 

𝐶.    [
−6 −5
4 5

] 

Reason: ............................................................ 

28. If  matrix 𝐴 = [
3 −𝑥
6 8

] is singular matrix.  

Value of x that satisfies is …. 
 
A.  – 5                                D.   3 
B. – 4                                 E.   4 
C. – 3 

 
Reason: ........................................................... 

 

29. Given matrix A = [
0 2 3

−2 0 4
−3 −4 0

], then matrix 

determinant  A is ... 
A. 0                                      D.   2 
B. 1                                      E.   4 
C. 2 
 
Reason: ................................................................ 

 
 

30. Transpose matrix P adalah PT. If 𝑃 = [
4 7
3 5

] then 

matrix (PT) – 1 is  ... 

𝐴.    [
−5 7
3 −2

] 𝐷.   [
−3 5
4 −7

] 

𝐵.   [
3 −4

−5 7
] 𝐸.   [

4 −3
−7 5

] 

𝐶.   [
−5 3
7 −4

] 

Reason: ................................................................... 

31. Given 𝐴 = [
4 3
2 2

] and 𝐵 = [
5 2
3 1

].  

Inverse matrix AB adalah (AB) – 1 = ... 

𝐴.   
1

2
[
−6 11
16 −29

] 𝐷.  −
1

2
[

6 11
16 29

] 

𝐵.   
1

2
[
29 11
16 6

] 𝐸.   −
1

2
[
−6 11
16 −29

] 

𝐶.  −
1

2
[
29 11
16 6

] 

32. The roots of the quadratic equation  3 dan – 4 are ... 
𝐴.   𝑥2 + 𝑥 − 12 = 0 
𝐵.   𝑥2 − 𝑥 − 12 = 0 
𝐶.   𝑥2 − 𝑥 + 12 = 0 
𝐷.   𝑥2 − 3𝑥 + 4 = 0 
𝐸.   𝑥2 − 4𝑥 + 3 = 0 
 
Reason: ..................................................................... 
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Reason: ............................................................... 

 

33. The roots of the quadratic equation5𝑥2 + 4𝑥 −
12 = 0 are … 

𝐴.  − 2 dan 
5

6
𝐷.   − 2 dan −

6

5
 

𝐵.   2 dan −
5

6
𝐸.   − 2 dan 

6

5
 

𝐶.   2 dan 
6

5
 

Reason: ................................................................. 

34. The roots of the equation𝑥2 − 2𝑥 − 3 = 0 are 𝑥1 
and 𝑥2.  If 𝑥1 > 𝑥2, then  𝑥1 − 𝑥2 is  … 
𝐴.   − 4                                        D.  2 
𝐵.   − 2                                        E.  4 
𝐶.   0 

 
Reason: .......................................................... 

35. The roots of the quadratic equation2𝑥2 − 3𝑥 −
9 = 0 are  𝑥1 dan 𝑥2.  Value of  𝑥1

2 + 𝑥2
2  is  … 

 
𝐴.   11

1

4
                                       D.  −6

3

4
 

𝐵.   6
3

4
𝐸.  − 11

1

4
 

𝐶.   2
1

4
 

Reason: .............................................................. 

36. The roots of the quadratic equation:  
𝑥2 + 2𝑥 + 3 = 0 are α dan β. The quadratic 
equation(α – 2) dan (β – 2) is  … 
a. 𝑥2 + 6𝑥 + 5 = 0 
b. 𝑥2 + 6𝑥 + 7 = 0 
c. 𝑥2 + 6𝑥 + 11 = 0 
d. 𝑥2 − 2𝑥 + 3 = 0 
e. 𝑥2 + 2𝑥 + 11 = 0 
 
Reason: ......................................................... 
 

37.  A quadratic function that has a minimum value 2 
for x = 1 and has a value of 3 for x = 2 is … 
A. 𝑦 = 𝑥2 − 2𝑥 + 1 
B. 𝑦 = 𝑥2 − 2𝑥 + 3 
C. 𝑦 = 𝑥2 + 2𝑥 − 1 
D. 𝑦 = 𝑥2 + 2𝑥 + 1 
E. 𝑦 = 𝑥2 + 2𝑥 + 3 
 
Reason: ............................................................. 
 

 

38. The figure  below is a graph of the quadratic 
equation ? … 
𝐴.   𝑦 = 𝑥2 + 2𝑥 + 3 
𝐵.   𝑦 = 𝑥2 − 2𝑥 − 3 
𝐶.   𝑦 = −𝑥2 + 2𝑥 − 3 
𝐷.   𝑦 = −𝑥2 − 2𝑥 + 3 
𝐸.   𝑦 = −𝑥2 + 2𝑥 + 3 

 
Reason: ......................... 

39.  If f is a quadratic function whose graph passes 
through the points (1,0), (4,0) and (0, –4) then the 
value of f(7) is … 
A.  – 16                                    D.  – 19 
B. – 17                                     E.   – 20 
C. – 18 
 
Reason: ...................................................... 
 

40. The graph equation of a quadratic function has an 
extreme point (–1, 4) and through (0, 3) is  … 

𝐴.   𝑦 = −𝑥2 + 2𝑥 − 3𝐷.   𝑦 = −𝑥2 − 2𝑥 − 5 
𝐵.   𝑦 = −𝑥2 + 2𝑥 + 3𝐸.   𝑦 = −𝑥2 − 2𝑥 + 5 

𝐶.   𝑦 = −𝑥2 − 2𝑥 + 3 
 
Reason: .............................................................. 
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3rd ROUND CORRECTION REPORT   

No Reviewer Code Reviews Corrections made by the author 

1. R2612 The rationality of this study is not still 
clear and explained based on the 
literature  
 

The rationale for the study has been improved and is based on the literature. 
Introduction (pp. 1-5 

 

2. R2612 The introduction is still long.  
 

Sentences in the introduction have been simplified (not too long). 
Introduction (pp. 1-5) 

3. R2612 The statements in the introduction do 
not serve to explain the research 
problem.  
 

The statement in the introduction has been corrected to explain the research 
problem. 
 
The research problem 1: 
The test instrument developed must be accountable as a good test, and be 
necessary to analyze the quality of the item (Rosidin, 2017). (p. 5).   
 
Therefore, experts suggest that the test instrument is accountable; the quality of 
the items must be good according to the analysis of classical and modern theory 
(Retnawati, 2014). (p. 5). (Statement for the research problem 1:   Does the 
open polytomous response test developed have a good category so that it can be 
an assessment instrument in vocational schools according to classical and 
modern theory?). 
 
The research problem 2: 
Although the closed polytomous response test has been widely developed, 
researchers have found weaknesses in the test, such as students' misconceptions 
or students' actual competence cannot be known in detail... (p.3)(Statement for 
the research problem 2: Does the open polytomous response test instrument 
developed provide information on students' actual competence in vocational 
schools ?)  
 
 
 
 

Attachments:  CORRECTION REPORT 3_Article Sugeng Sutiarso et al.docx                                                                       Tue, Mar 29, 2022 at 4:25 PM 
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4. R2612 Although the authors did write 
“Because there is still limited research 
on the open polytomous response test, 
it is necessary to conduct research..”, 

the strengths and weaknesses of prior 
studies have not been emphasized in 
the introduction.  
 

Reasons to conduct research: 
Due to the characteristics of vocational schools that place mathematics as a 
secondary subject and are skill-oriented, this has an impact on students' 
perceptions of mathematics itself, such as mathematics as an uninteresting and 
mechanistic subject (Putri et al., 2017), mathematics as a boring and 
complicated subject (Ozdemir & Onder, 2017), and mathematics as the most 
difficult subject (Vani et al., 2019).  Because of the differences in the 
characteristics and perceptions of students in vocational schools with those of 
other schools or students, it is reasonable to conduct research by developing the 
open polytomous response test for students in vocational schools. (p. 4). 
 

5. R2612 What I as to the authors, what are 
differences between the polytomous 
and two-tier tests?  
 

Differences between the polytomous and two-tier tests:  
 
The polytomous test:  
Multiple-choice tests with only two answer choices are called "dichotomous 
tests," and multiple-choice tests with more than two answer choices are called 
"polytomous tests"  (Kartono, 2008).  (p. 2) 
 
The two-tier tests:  
In the 80s, the first test that was focused on and developed by experts was the 
closed polytomous response test, also known as the two-tier test (Treagust, 
1988).  (p. 3).  
 

6.. R2612 In the discussion, remove these words 
“..do not be in a hurry to revise..” 

Discussion: 
The sentence "... do not be in a hurry to revise..." has been removed, and 
replaced with the sentence: “That is, an item that is not in a good category with 
classical theory should be analyzed according to modern theory before revising 
or replacing the item” (p. 25). 
 

7. R2612 The discussion has too few references 
to discuss the results. Also, it is too 
limited.  
 

Discussion has been added (reference)  
The results of the analysis of student answers obtained information that there 
were two patterns of students' solving questions: (1) formulas, and (2) trial and 
error. Students who use formula patterns in solving problems tend to be carried 
out by high-ability students, and students who use trial and error patterns tend 
to be carried out by students with medium and low abilities. Students who use 
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both patterns can answer the questions correctly as shown in Figure 15 below.   
 

 
 

(i) 
 

(ii) 

Figure 15. Student Answer Patterns with (i) Formulas, and (ii) Trial and Error 

Both patterns of solving math problems are common ways. This is in line with 
the opinion of Mason et al. (2010) that there are several ways that can be used 
in solving math problems, namely trial and error, use a drawing or model, 
analogy, and formula. Syahlan (2017) states that two ways that students often 
use to solve math problems are (1) trial and error and (2) formulas. Usually, 
students use trial and error methods to solve easy problems and formulas 
methods to solve difficult questions. If combined with student answers and 
Syahlan's opinion, students with medium and low abilities in solving easy 
questions will use trial and error methods, and students with high abilities in 
solving difficult questions will use formulas. 

The results of these student answers can be important information for teachers 
in teaching mathematics. This means that before teaching a material, the 
teacher must know the students' initial abilities (high, medium, or low) and the 
level of difficulty of the material. Some of the benefits for teachers who know 
the initial abilities of students are that they can develop professionally centered 
on students  (Gonzalez, 2018), adjust the level of cognitive engagement and 
increase student learning engagement Dong et al., 2020), assist teachers in 
designing pedagogical practices, and correct students' misconceptions  
(Geofrey, 2021). In addition, the benefit for teachers who know the level of 
difficulty of a material is that they can design remedial learning (Muhson et al., 
2017; Wulanningtyas et al., 2020). The description above shows that there are 
many benefits that the teacher will get if she knows the students' actual 
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abilities, and this can be known by the teacher if she uses the open polytomus 
response test.  (pp. 26-27) 

 
8. R2612 The problems with the use of the 

English language are continuing. This 
paper needs copyediting by a native 
speaker and an expert in the field. 

English has been consulted by experts in the field 
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The Development of an Assessment Instrument Using Polytomous 
Response in Mathematics 

 

Abstract: This research is development research that aims to develop a good mathematical 

test instrument using polytomous responses according to classical and modern theories in 

vocational schools. This research design uses the Plomp model, which consists of five stages, 

namely: preliminary investigation, design, realization or construction, trial, revision, and 

implementation (testing). The study was conducted in three vocational schools in Lampung, 

Indonesia. The study involves 413 students, consisting of 191 male students and 222 female 

students. The data was collected through questionnaires and tests. The questionnaire was to 

identify instruments commonly used by teachers and to validate them by experts. The test 

used multiple-choice tests with open reasons for as many as 40 items. The data was analyzed 

using both classical and modern theories.The results show that the open polytomous response 

test has a good category according to classical and modern theory, and the open polytomous 

response test can provide information on the actual competence of students; this is observed 

in the students' arguments when giving reasons for their choices. Therefore, the open 

polytomous response test can be used as an alternative to learning assessment.  

Keywords:  assessment instrument, classical and modern theory, vocational school,  

                     the polytomous responses 

 

Introduction 

Assessment is an important activity and needs to be done by teachers in schools. The 

conventional paradigm often interprets the assessment as a way to find out the achievement 

of student learning outcomes as a whole, so that the assessment is positioned as a separate 

activity from the learning process (Syaifuddin, 2020). Referring to the current paradigm, 

assessment in schools is divided into three types: assessment as learning, assessment for 

learning, and assessment of learning (Wulan, 2018). These three types of assessments aim to 
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provide recognition of the achievement of student learning outcomes after the learning 

process (Earl, 2013), as shown in the following assessment pyramid (Figure 1). 

 

Figure 1. Assessement Pyramid 
 

Assessment can be used with tests. A test is a tool or procedure used to find out or measure 

students' abilities in certain areas with certain rules  (Arikunto, 2012). A test consists of two 

types, namely multiple-choice and essay. A multiple-choice test is a form of assessment in 

which each item provides an answer choice, and one of the choices is the correct answer. An 

essay test is a form of assessment that requires answers in sentences or words. Each type of 

test has strengths or weaknesses compared to each other. The strength of multiple-choice tests 

over essays is that multiple-choice tests can be conducted for many students, are more 

objective, and the test results can be known more quickly, but they have a weakness, namely 

that the multiple-choice test is not able to see the actual abilities of students and the answers 

tend to be guesses or tried out (Rosidin, 2017). In addition, the strength of the multiple-choice 

test has a scoring certainty compared to the essay test, namely 1 and 0 (getting a score of 1 

for the correct answer, and a score of 0 for the wrong answer choice). Multiple-choice tests 

with only two answer choices are called "dichotomous tests," and multiple-choice tests with 

more than two answer choices are called "polytomous tests"  (Kartono, 2008). 

Until now, multiple-choice tests have been widely used by teachers to assess students' 

abilities, especially those with a large number and a wide area of expertise. To reduce the 

weakness of multiple-choice tests, in the last four decades, experts have developed multiple-

choice tests by combining multiple-choice tests and essays into multiple-choice tests with 
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reasons and are called the polytomous response test (Suwarto, 2012). The polytomous 

response test score is 1 - 4. Score of 4 for the correct answer and reason, score of 3 for the 

correct answer but the wrong reason, score of 2 for the wrong answer but the correct reason, 

and score of 1 for the wrong answer and reason (Kartono, 2008). 

In the 80s, the first test that was focused on and developed by experts was the closed 

polytomous response test, also known as the two-tier test (Treagust, 1988). This test consists 

of two levels: the first is choosing answers on the multiple-choice test, and the second level is 

choosing reasons based on the answer choices at the first level (Chandrasegaran et al., 2007).  

Several studies on the closed polytomous response test have been carried out, such as tests on 

calculus material (Khiyarunnisa & Retnawati, 2018), tests on acid and base materials 

(Andaria & Hadiwinarto, 2020), tests on human digestive system material (Jamhari, 2021), 

and test on mathematical connection material (Lestari et al., 2021). Although the closed 

polytomous response test has been widely developed, researchers have found weaknesses in 

the test, such as students' misconceptions or students' actual competence cannot be known in 

detail (Antara et al., 2019), the test instrument is difficult to construct (Khusnah, 2019), and 

student answers are still guessed (Myanda et al., 2020). However, there are strengths in the 

closed polytomous response test, such as the consistency of student answers errors, which is 

easy to observe (Treagust, 1988), and the suitability between the student's answer choices and 

the reason is easy to know (Diani et al., 2019). 

To reduce the weakness of the closed polytomous response test, the experts modified the test 

to be the open polytomous response test. The open polytomous response test is a form of 

multiple-choice test that provides a place to write arguments for the answer choices 

(Retnawati, 2014). The studies on the open polytomous response test that have been carried 

out are tests on calculus material in universities (Yang et al., 2017) and tests on physics 
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material in high schools (Prasetya et al., 2019). Both of these studies have developed the open 

polytomous response test for students in college or high school. Students in colleges and high 

schools place mathematics as a primary subject, while students in vocational schools place 

mathematics as a secondary subject (Oktaria, 2016). In addition, graduate students in 

vocational schools are more oriented towards practical abilities and skills, in contrast to 

graduate students in colleges or high schools, who are academically oriented (Permendikbud, 

2016). Due to the characteristics of vocational schools that place mathematics as a secondary 

subject and are skill-oriented, this has an impact on students' perceptions of mathematics 

itself, such as mathematics as an uninteresting and mechanistic subject (Putri et al., 2017), 

mathematics as a boring and complicated subject (Ozdemir & Onder, 2017), and mathematics 

as the most difficult subject (Vani et al., 2019).  Because of the differences in the 

characteristics and perceptions of students in vocational schools with those of other schools 

or students, it is reasonable to conduct research by developing the open polytomous response 

test for students in vocational schools.  

The test instrument developed must be accountable as a good test, and be necessary to 

analyze the quality of the item (Rosidin, 2017). There are two theories for analyzing item 

quality, namely classical and modern. Classical theory is a measurement theory for assessing 

tests based on the assumption of measurement errors between actual results and observations, 

and from the assumption, a formula for calculating the level of difficulty and item 

discrimination was developed (Hambleton & Jones, 1993). The modern theory is a 

measurement theory to assess students' abilities by comparing students' abilities with their 

group abilities and is known as Item Response Theory/IRT (Hambleton & Linden, 1982). 

Classical theory is widely used by teachers because it is easy to apply. However, this classical 

theory has a weakness, namely, it cannot separate the characteristics of students and items. 

The modern theory is a solution to overcome the weaknesses of the classical theory because 
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in the modern theory, an item does not affect other items (local independence), items only 

measure one dimension (unidimensional) (Anisa, 2013), and an item eliminates the 

relationship between respondents and items (parameter invariance) (Saepuzaman et al., 

2021). Therefore, experts suggest that the test instrument is accountable; the quality of the 

items must be good according to the analysis of classical and modern theory (Retnawati, 

2014). 

This research is development research that aims to develop a good mathematical test 

instrument using polytomous responses according to classical and modern theories in 

vocational schools. The research problem is stated as follows:  (1) does the open polytomous 

response test developed have a good category so that it can be an assessment instrument i n 

vocational schools according to classical and modern theory?, and (2) does the open 

polytomous response test instrument developed provide information on students' actual 

competence in vocational schools ? 

Methodology 

Research Design 

This research is a research and development that refers to Plomp’s model (Plomp, 2013), with 

the research procedure consisting of five stages, namely preliminary investigation, design, 

realization or construction, test phase, revision, and implementation (test). 

 

 

 

 
Figure 2. Stages of Research Design 

Realization/construction Design Preliminary investigation 

Implementation (Test) Revision 
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The preliminary investigation stage is to identify the assessment instruments used by teachers 

so far. The design stage is to make the open polytomous response test grid according to the 

basic competencies of mathematical concepts and to make an expert assessment 

questionnaire sheet. The realization/construction stage is developing the items test and also 

the expert validation process for the items test. The revision stage is the improvement of 

items on the test based on expert advice. The implementation (testing) stage is to try out the 

test on students and analyze the results of the test. 

 Research Subject 

The subjects of the study are students at a vocational school in the province of Lampung, 

Indonesia. The research sample was determined using a non-probability sampling technique 

in the form of accidental sampling, which means taking a subject based on a subject that is 

easy to find and ready to be a respondent (Malhotra, 2006). The selected schools are three 

schools as representatives, namely the Mitra Bhakti vocational school, the Praja Utama 

vocational school, and the Ma'arif NU vocational school. The research subjects are 413 

students in grade I (male students = 191, and female students = 222), whose mathematical 

abilities on the National Exam (NE) were categorized as moderate (average 64.67 out of the 

ideal score of 100). The following are the characteristics of the research subjects in detail 

shown in Table 1. 

Table 1. Research Subjects 

Vocational Schools Grade 
The Number of Students 

Average of NE 
Total Male  Female 

Mitra Bhakti 
I-A 13 5 8 64.24 
I-B 23 10 13 62.4 
I-C 29 9 20 65 

Praja Utama 

I-A 40 40 0 64 
I-B 39 39 0 64.62 
I-C 43 15 28 68.72 
I-D 38 15 23 67.9 
I-E 41 14 27 67.56 
I-F 40 17 23 63.38 
I-G 40 8 23 67.74 

Ma’arif NU 
I-A 31 14 17 62.1 
I-B 36 5 51 58.34 

Total 413 191 222  64.67 
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Data Collection Techniques 

Data was collected using a questionnaire and a test. The questionnaire contains several 

questions to the teacher about the instrument for assessment used by the teacher and also 

expert validity of the instrument developed to determine content validity  (Suhaini et al., 

2021). The instrument was validated by two people who have expertise in mathematics and 

educational evaluation. The three aspects assessed by the expert are the suitability of the 

items with the indicators, language, and alternative answers to the questions. The score 

validating the instrument follows the criteria as in Table 2 below. 

Table 2. Content Validity Score 

Description Score 
Irrelevant 1 

Quite relevant 2 
Relevant 3 

Very relevant 4 
 

After determining content validity, the instrument was tested on students. Then, it was 

continued by determining the validity of the construct and its reliability, with the aim of 

ensuring that the instrument can be further analyzed. 

The instrument used was the open polytomous response test, which consisted of 40 questions 

on the concepts of sequences and series (arithmetic and geometry), quadratic equations and 

functions, and matrices. Each item contains five answer choices along with the reasons. 

Student scores refer to the polytomous score in the Partial Credit Model, where answer 

choices and reasons are related  (Retnawati, 2014), as shown in Table 3 below. 

Table 3.  Scores for Student Answers 
Student Answers 

Score 
Answer Options Reason 

False False 1 
False Right 2 
Right False 3 
Right Right 4 
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Data Analysis 

The collected research data is analyzed in two stages: (1) questionnaire data analysis 

(qualitative analysis) and (2) test data analysis (empirical analysis).The following is an 

explanation of each data analysis: 

1. Questionnaire data analysis (qualitative analysis) 

There are two sets of questionnaire data, namely: identification of assessment instruments in 

schools and expert assessment of the assessment instruments developed. The results of the 

two questionnaires were analyzed descriptively. Specifically for expert judgment, it is 

continued with an analysis of expert agreement that uses the Gregory index formula 

(Gregory, 2015), namely: 

         V = 
𝐷

𝐴+𝐵+𝐶+𝐷
 

Description: 
   V = Content Validity 
   A = Rater 1 and 2 are weak 
   B = Rater 1 is strong, and rater 2 is weak 
   C = Rater 1 is weak, and rater 2 is strong 
   D = Rater 1 and 2 are strong 

 

The interpretation of Gregory's formula is that the number V is in the range of 0 to 1. The 

higher the number V (close to 1 or equal to 1), the higher the value of the validity of an item. 

Conversely, the lower the number V (close to 0 or equal to 0), the lower the validity of an 

item. 

2. Test data analysis (empirical analysis) 

After the content validity test, it is followed by the construct validity and reliability tests. The 

construct validation test uses exploratory factor analysis. The instrument is considered to 

have a good construct if the explained Kaiser-Meyer-Olkin (KMO) value is greater than 0.5 
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(Retnawati, 2014). Reliability test using Cronbach's alpha formula The instrument is said to 

have good reliability if the coefficient value of Cronbach's Alpha is 0.60 (Arikunto, 2012). If 

the instrument has good construct validation, further tests can be analyzed, namely the level 

of difficulty and item discrimination. The reason for analyzing the level of difficulty and item 

discrimination is that they are both preliminary analyses of the assumptions of measurement 

theory (Hambleton & Jones, 1993). To simplify the process of analyzing the level of 

difficulty and item discrimination, the Iteman program is used for classical theory and the 

Winsteps program for modern theory (Sarea & Ruslan, 2019). The Winsteps program is used 

because it has several advantages; namely, it can analyze polytomous data and calculate the 

maximum likelihood model using a 1-parameter logistic model (Untary et al., 2020). 

2.1  Analysis of test data with classical theory 

a. The item difficulty level is the percentage of the number of students who answered 

correctly or incorrectly. If the item has an index of 0.3–0.7, then the item is good; if 

the item has an index below 0.3, then the item is difficult; and if the item has an index 

above 0.7, then the item is easy. 

b. Discrimination is the ability of a test to distinguish between high-ability students and 

low-ability students. Discrimination is said to be good if it has an index above 0.3, 

and if the discrimination index is below 0.3, then the question needs to be revised 

(Arikunto, 2012). 

2.2  Analysis of test data with modern theory 

a. The item difficulty level is the level of the student's latent trait towards the item. The 

difficulty of the items determines the ability of about 50% of the respondents who are 

expected to answer items correctly (DeMars, 2010). An item is said to be good if it 

has an index of between -2 and +2 (Hambleton & Swaminathan, 1985). If the index is 
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close to -2, then the item is classified as very easy, and if the index is close to +2, the 

item is classified as very difficult (Retnawati, 2014). In the Winsteps program, the 

item difficulty level is in the Measure column. 

b. Item discrimination is indicated by the slope of the curve on the item characteristics. 

The item is said to have good discrimination if the slope of the curve is moderate (not 

too gentle or steep), because if the slope of the curve is too gentle or steep, then the 

item is not good. Another opinion states that a good index is above 0.4 (Crocker & 

Algina, 1986). In the Winsteps program, the item discrimination is in the Pt-Measure 

Corr column. 

According to modern theory, before analyzing the item difficulty level and discrimination, 

three assumptions must be tested, namely unidimensionality, local independence, and model 

fit (Hambleton et al., 1991). Unidimensional means that each test item only measures one 

ability. There are three ways that are often used to test unidimensionality, namely the analysis 

of the Eigen values of the correlation matrix between items, the Stout-test on the 

unidimensional assumption test, and the index based on the residuals of the unidimensional 

solution (DeMars, 2010). In this study, the dimensional test uses the Eigen value analysis of 

the correlation matrix between items. 

Local independence is the state of the respondent's answer to an item that is not influenced by 

other items. local independence test by proving that the probability of the respondent's 

answer pattern is the same as the probability of the respondent's answer to each item. If the 

unidimensional assumption is accepted, the local independence assumption will also be 

accepted (DeMars, 2010). Use the Model Fit Test to find out whether the model used is in 

accordance with the items. Test the fit of the model by measuring the outfit mean square 

(MNSQ) and PT-Measure. If the outfit MNSQ value is 0.5 to 1.5 and the Pt-Measure Corr is 

positive, it is said that the item fits the model (Linacre, 2012). In addition, the information 
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function and standard error measurement (SEM) are analyzed, which aims to further explain 

the latent ability as measured by using a test that is expressed through item donations. 

Findings/Results 

Analysis of Questionnaire Data 

Based on the results of the questionnaire, it is found that so far, the teacher has never used the 

polytomous response. As many as 80% of teachers use essay tests and 20% of teachers use 

multiple-choice tests, with each instrument consisting of 2–5 items. In addition, about 10% of 

teachers use this assessment as a means for learning improvement, such as improving lesson 

plans and teaching methods. The results of the questionnaire stated that 90% of teachers who 

do not use assessment as an improvement in learning are caused by several aspects, such as: 

teachers do not understand assessment (20%), teachers do not know how to analyze 

assessments (50%), and teachers do not know how to develop good assessment questions 

(30%). The following is a summary of the questionnaire from the identification data. 

 

Figure 3. Description of Teacher Conditions in Assessment 

Content Validity 

The results of the two expert assessments show that the content validation instrument is good. 

Furthermore, the analysis of expert judgment agreement is obtained as shown in Table 4 

below. 
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Table 4. The Gregory Item Index 
 Rater 1 

weak strong 

Rater 2 
weak 0 0 
strong 0 40 

Index Gregory 1 
 

Based on the results of the assessment in Table 4, it can be concluded that the instrument is 

valid because the value of V reaches a value of 1. Therefore, the instrument test can be 

continued. In addition to providing assessments, the experts also provide some suggestions 

for improvements to the instrument, namely the preparation of questions using the ABCD 

format (Audience, Behavior, Competence, and Degree), avoiding the use of ambiguous 

language or statements, improving mathematical concepts, making alternative answer choices 

that are misleading, and arranging them in order. 

Analysis of  Test Data 

Construct Validity 

After testing the instrument, it is followed by a construct validity test. The results of the test 

with exploratory factor analysis are shown in Table 5. 

Table 5. Exploratory Factor Analysis 
KMO and Bartlett's Test Score 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
Bartlett's Test of Sphericity Approx. Chi-Square 1936.378 

Df 780 
Sig. .000 

 

Based on Table 5, the explained KMO value is 0.76 (more than 0.5), and it can be concluded 

that the variables and samples used to allow for further analysis. 

 
 Reliability 

The results of the estimation of the reliability of the instrument obtained a Cronbach's Alpha 

coefficient value of 0.89 (more than 0.6). It means that the instrument has good reliability so 
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that the analysis of the level of difficulty and item discrimination can be continued according 

to classical and modern methods. 

Table 6. Reliability of Items 
Cronbach’s Alpha N of Items 

0.892 40 
 

Analysis of Test Data with Classical Theory 

Analysis of test data in the classical way does not require testing assumptions, but the 

analysis of the difficulty level of the items and the distinguishing power of items can be 

directly calculated if the validity and reliability have been met. The results of the two 

analyses are presented in Table 7 below. 

Table 7. The Item Difficulty Level and Discrimination 
Item Difficulty 

Level 
Category Discrimination Category Item Difficulty 

Level 
Category Discrimination Category 

1 0.538 good 0.196 Revised 21 0.482 good 0.143 revised 
2 0.487 good 0.179 Revised 22 0.535 good 0.429 good 
3 0.528 good 0.214 Revised 23 0.492 good 0.250 revised 
4 0.540 good 0.304 Good 24 0.438 good -0.071 revised 
5 0.489 good 0.089 Revised 25 0.436 good -0.107 revised 
6 0.446 good -0.161 Revised 26 0.385 good -0.286 revised 
7 0.438 good -0.232 Revised 27 0.383 good -0.321 revised 
8 0.453 good -0.143 Revised 28 0.416 good -0.143 revised 
9 0.414 good -0.143 Revised 29 0.458 good -0.125 revised 

10 0.409 good -0.339 Revised 30 0.385 good -0.375 revised 
11 0.438 good -0.143 Revised 31 0.404 good -0.321 revised 
12 0.436 good -0.036 Revised 32 0.433 good -0.250 revised 
13 0.400 good -0.321 Revised 33 0.441 good 0,036 revised 
14 0.450 good -0.036 Revised 34 0.424 good -0.268 revised 
15 0.462 good 0.250 Revised 35 0.412 good -0.321 revised 
16 0.453 good -0.089 Revised 36 0.431 good -0.304 revised 
17 0.416 good -0.143 Revised 37 0.404 good -0.232 revised 
18 0.419 good -0.196 Revised 38 0.363 good -0.482 revised 
19 0.431 good -0.232 Revised 39 0.230 good -0.929 revised 
20 0.441 good -0.089 Revised 40 0.211 good -1.071 revised 

 

Based on Table 7, it is found that all items have an item difficulty level in the index range of 

0.3 to 0.7, so they are included in the good category. Meanwhile, only two items on 

discrimination have good categories, and the remaining items need to be revised. The results 

indicate that all items are good based on the level of difficulty, but almost all items need to be 

revised for item discrimination. 
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 Analysis of  Test Data with Modern Theory 

The Unidimensional Assumption Test 

The unidimensional assumption test is the first assumption test with factor analysis. Factor 

analysis begins by testing the adequacy of the sample to be used in the analysis, constructing 

a variance-covariance matrix, and then calculating the eigenvalues. The eigenvalue is then 

used to calculate the percentage of explained variance, as well as describe the scree plot 

(Retnawati, 2014). The output of factor analysis is the Kaiser-Meyer-Olkin Measure of 

Sampling Adequacy (KMO) statistic and scree plot. 

Table 8. The KMO Test 
KMO Test Score 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
 Sig. .000 

 

The unidimensional test is seen based on the cumulative percentage of Eigen values and scree 

plot analysis results. If the cumulative percentage of the first factor eigenvalue is greater than 

20%, then the unidimensional assumption is fulfilled  (Retnawati, 2014). In Table 9, it can be 

seen that the cumulative percentage of the first factor Eigen values is 20.220%. Because the 

Eigen value is more than 20%, this instrument is proven to only measure one factor or 

dimension. 

Table 9. Total Variance Explained 

Component 
Initial Eigen Values 

Total Variance (%) Cumulative (%) 
1 8.088 20.220 20.220 
2 1.458 3.646 23.865 

 

In addition, the unidimensional test can also be seen on the scree plot, which is based on the 

number of factors marked by the steepness of the graph with the acquisition of Eigen values. 
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Figure 4. Scree Plot Unidimensional 

Based on the scree plot, it is known that the eigenvalues immediately slope on the second 

factor. It demonstrates that the developed instrument has only one dominant factor.The 

results prove that the test kit meets the unidimensional assumption, or in other words, only 

measures one dominant factor. 

Local Independence Assumption Test 

The local independence assumption test will be fulfilled if the student's answer to one item 

does not affect the student's answer to another item. Thus, the score of one item should not be 

determined or dependent on the scores of other items. This confirms that this assumption 

automatically proves that students' answers do not affect answers to other items  (Retnawati, 

2014). 

Table 10. The Covariance Matrix. 
 K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 

K1 0.0486                

K2 0.012 0.0042               

K3 0.0105 0.0034 0.0032              

K4 0.0317 0.0106 0.0093 0.0293             

K5 0.01 0.0032 0.0029 0.0085 0.0028           

K6 0.0069 0.0023 0.0021 0.0062 0.002 0.0016         

K7 0.0036 0.0011 0.0009 0.0028 0.0009 0.0007 0.0004       

K8 0.0041 0.0015 0.0012 0.0037 0.0011 0.0008 0.0004 0.0006     

K9 0.0074 0.0024 0.0022 0.0065 0.002 0.0015 0.0007 0.0009 0.0017   
K10 0.021 0.0061 0.0054 0.0148 0.0051 0.0039 0.0017 0.0025 0.0043 0.0196 
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Table 10 shows the results of the variance-covariance values between groups of students' 

abilities. In the table, it can be seen that the covariance value between the ability interval 

groups located on the diagonal is small and close to zero. This result shows that there is no 

correlation, so it can be said that the local independence assumption test is accepted. 

Model Fit 

The model fit test is analyzed using the Winsteps program. The item requirements are called 

"fit to the model." If the Outfit MNSQ value is 0.5 to 1.5 and the Outfit ZSTD value is -2 to 

2, and the Pt-Measure Corr is positive, then it can be said that the item fits the model  

(Sumintono & Widhiarso, 2015). An item is considered fit if one of the conditions is 

accepted. In addition, it can also be seen from the MNSQ infit of 0.77 to 1.3, but at this stage, 

the fit of the model is only taken on the MNSQ and Pt-Measure outfit values. Based on the 

results of the analysis, all items match the model or fit (Figure 5). 

 

Figure 5. Item Fit on Model 
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The Item Difficulty Level 

The item difficulty level is analyzed using the Winsteps program, and the results obtained can 

be presented in Table 12 (Measure column). The item difficulty level is in the range of -0.70 

to 0.84. From Table 12, the highest difficulty level is item 40 (difficulty level 0.84), and the 

lowest difficulty level is item 1 (difficulty level -0.70). Since the difficulty level is in the 

range of 2 and 2, it can be concluded that all items are in the good category. If further divided 

into three categories, the difficulty level of items in the range of -0.7 to 0.84 is moderate 

(Sumintono & Widhiarso, 2015). It can also be seen on the difficult map items, namely that 

the difficulty level is in the range of -2 and 2. 

 

Figure 6. Item Difficulty Level 
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Figure 7. Item Difficulty Map 

The Item Discrimination 

The item discrimination analysis used the Winsteps program, and the results are presented in 

Figure 8 (column PT-Measure Corr). Item discrimination is in the range of 0.23 to 0.74, with 

details of 27 items having an index above 0.4 (good category), and 13 items having an index 

below 0.4 (bad category). However, the 13 items can be used as an instrument as long as the 

index is above 0  (Alagumalai et al., 2005). 
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Figure 8. Item Discrimination 

 
Comparative Analysis Between Classical and Modern Theory 

The results of the analysis of classical and modern theories obtained the index of difficulty 

level and item discrimination as follows. 

Table 11. Comparison of Classical and Modern Theories 

Parameter 
Classical Theory Modern Theory 

Many Items with 
Good Categories 

Percentage Many Items with 
Good Categories 

Percentage 

Difficulty level 40 100 40 100 
Item discrimination 2 0.05 27 67.5 

 

Based on Table 11, the level of item difficulty analyzed by classical and modern theory has 

the same results (good category). However, item discrimination using modern theory has 

more items in the good category than using classical theory. If we compare the index of 

discriminatory items between classical (Table 7) and modern (Figures 6 and 8), it can be seen 
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that there is a match between the categories of item discrimination. It means that if item 

discrimination is not good with the classical theory, then item discrimination is also not good 

with the modern theory (13 items correspond to the item discrimination index, and 27 do not 

match). 

Information and Measurement Error (SEM) Function  

The function of information to reveal latent ability is measured by using a test that is 

expressed through item donation. The test information function is also the sum of the 

functions of each item. The information function is inversely proportional to measurement 

error, or standard error measurement (SEM). The value of the information function of the test 

device will be high if the items that make up the test have a high information function. The 

following is a picture of the curve of the relationship between the information function and 

SEM. 

 

Figure 9. Graph of Information Function and Measurement Error 

Figure 9 shows that this instrument provides information of 22.36 (maximum) and has a 

measurement error of 0.21 (smallest) for medium-ability students. The lower and upper limits 

of the interval are the ability scores where the graph of the information function and the SEM 

graph intersect at that interval. This graph states that the greater the value of the information 

function, the smaller the measurement error (SEM), and the item information function 
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expresses the strength or contribution of the test items in revealing the latent trait as measured 

by the test. This information function provides a description of the item according to the 

model (which helps with item selection)  (Retnawati, 2014). These results conclude that this 

test instrument is suitable for students with medium abilities. 

Based on the test results, it can also be seen that the actual competency information of 

students in SMK is based on the test answers. Instrument analysis is based on two patterns of 

student answers that have the same tendency based on Bloom's Taxonomy (Bloom, 1956). A 

total of six student answers were selected as samples with different abilities (high, medium, 

and low). 

Item 1: The cognitive domain to be achieved is C2 (Understanding). Based on students' 

answers, the two dominant patterns of student answers are: (1) students have understood the 

general form of arithmetic sequences and know the first term and other terms, and (2) 

students have not been able to formulate general forms in arithmetic sequences and perform 

algebraic operations on general forms arithmetic sequence. 

 Question 1: Pattern 1: Pattern 2: 

 

  

Figure 10. Student Answers in Item 1 

Item 2: The cognitive domain to be achieved is C2 (understanding). Based on students' 

answers, the two dominant patterns of student answers are (1) being able to understand the 

number of terms in a sequence by using the general formula for an arithmetic sequence, or 

determining the number of arithmetic sequences without using a general formula (only 
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writing down all the terms from the first term until the last term), and (2) students who can 

already use the general formula for arithmetic sequences but have not been able to determine 

the number of arithmetic sequences because of errors in performing algebraic operations on 

general arithmetic sequences. 

Question 2: Pattern 1 Pattern 2 

 
  

Figure 11. Student Answers in Item 2 

Item 3: The cognitive domain to be achieved is C3 (applying). Based on students' answers, 

the two dominant patterns of student answers are: (1) students have understood and 

determined the difference between two non-adjacent arithmetic sequences using the general 

formula for arithmetic sequences, and (2) other students can determine the number of 

arithmetic sequences even though they are not using a general formula or by writing the 

terms of the known terms and inserting several terms. 

Question 3: Pattern 1 Pattern 2 

 
 

 
 

Figure 12. Student Answers in Item 3 
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Item 4: The cognitive domain to be achieved is C3 (applying). Based on students' answers, 

the two dominant patterns of student answers are: (1) students have understood and can 

determine the nth term in an arithmetic sequence that is known to be two non-adjacent terms 

using the general formula for arithmetic sequences, and (2) students cannot determine the 

number of arithmetic sequences because it does not use a general formula but by writing the 

terms of the known terms and inserting several terms and continuing until the nth term. 

Question  4: Pattern 1 Pattern 2 

 
  

Figure 13. Student Answers in Item 4 

Item 5: The cognitive domain to be achieved is C1 (remembering). Based on students' 

answers, the two dominant patterns of student answers are: (1) students have understood and 

determined the middle term of an arithmetic sequence, and (2) students can determine the 

middle term of an arithmetic sequence but do not use general formulas, but rather by writing 

the terms from known terms and inserting several terms and then defining them. 

Question 5: Answer Pattern 1 Answer Pattern 2 

 
 

 

Figure 14. Student Answers in Item 5 
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Description of Instrument Development and Student Ability 

The instrument developed from this research is the open polytomous response test, and all 

parameters have been accepted. This instrument is a combination of a multiple-choice test 

and an essay. Multiple choice tests are easier to check students' answers, but their 

mathematical thinking processes cannot be known in depth. While the essay test has the 

advantage of being able to find deeper mathematical thinking processes, it takes a long time 

to check the answers. 

Analysis of learning instruments is an important source of composite scores in the final 

report. In the final report, the student's ability score was first changed to a score of 0–10 

(previously 0–100). The conversion is done through a linear transformation by dividing the 

student's score by the ideal score, then the result is multiplied by 10 to get a value range of 0–

10, or multiplied by 100 to get a value range of 0–100. In the range of 0–10, the scores of 

students' mathematical ability were 8, 56 (highest) and 4.31 (lowest), or in the range of 0–

100, students' math ability scores were 85.6 (highest) and 43.1 (lowest). 

The results of the analysis of student abilities are presented in the form of predicates ranging 

from very low to very high according to the specified category. The results of this analysis 

show that most students have very low to medium abilities, as much as 62% (253 students), 

and the remaining 38% (160 students) have high and very high abilities. Other analysis 

results found that high and very high-ability students tend to work according to concepts with 

more creative completion steps (different from the teacher's example), but students who have 

very low to medium abilities can solve problems according to concepts with less creative 

completion steps (e.g., routine or according to the teacher's example). 

Other results show that the assessment with an open response polytomus makes it easier for 

teachers to explore students' difficulties with a material. Then, from this exploration, the 
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teacher can continue with improvements for students who have learning difficulties. An 

important finding of this study is that information about students' learning difficulties through 

the open polytomus response test is more secondhand and complete than other assessment 

instruments, such as multiple choice tests (Gierl et al., 2017) or essay tests (Putri et al., 2020). 

Discussion 

This research is development research that aims to develop a good mathematical assessment 

instrument using polytomic responses according to classical and modern theories. The results 

of the data analysis found that there were differences in the results of the analysis between 

classical theory and modern theory, namely on item discrimination. Classical theory analysis 

obtained 38 items with bad criteria and only 2 items with good criteria. In contrast, modern 

theory analysis obtained 27 items with good criteria and 13 items with bad criteria. 

According to evaluation theory, modern theory aims to cover the weaknesses of classical 

theory. The results of classical theory analysis are often categorized as poor, but modern 

analysis results are categorized as good, and vice versa (Retnawati, 2014). That is, an item 

that is not in a good category with classical theory should be analyzed according to modern 

theory before revising or replacing the item. 

The study of assessment with an open response polytomus test was carried out by Yang et al. 

(2017). However, this Yang study has several fundamental differences, namely the research 

objectives and data analysis. The aim of this research is to diagnose the errors of university 

students in the concept of calculus, not to produce a good assessment instrument. The data 

analysis used parametric statistics (covariance), not item analysis (classic and modern). 

Because the objectives and data analysis are different, the results of this study cannot be 

compared with the results of any other study. However, this research has provided other 
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researchers with information in developing tests, such as the suitability of items with 

indicators, use of language, and preparation of answer choices. 

There are other studies related to the response politomus test, namely Sarea (2018) and 

Saepuzaman  (2021). Sarea's research states that the response polytomus test has good criteria 

(classical and modern theory), and the classical theory analysis has more items than modern 

theory. Meanwhile, Saepuzaman's research found that the response polytomus test had good 

criteria (classical and modern theory), and the modern theory analysis had more items than 

classical theory. 

The results of the analysis of student answers obtained information that there were two 

patterns of students' solving questions: (1) formulas, and (2) trial and error. Students who use 

formula patterns in solving problems tend to be carried out by high-ability students, and 

students who use trial and error patterns tend to be carried out by students with medium and 

low abilities. Students who use both patterns can answer the questions correctly as shown in 

Figure 15 below.   

 
 

(i) 
 

(ii) 

Figure 15. Student Answer Patterns with (i) Formulas, and (ii) Trial and Error 

Both patterns of solving math problems are common ways. This is in line with the opinion of 

Mason et al. (2010) that there are several ways that can be used in solving math problems, 

namely trial and error, use a drawing or model, analogy, and formula. Syahlan (2017) states 

that two ways that students often use to solve math problems are (1) trial and error and (2) 

formulas. Usually, students use trial and error methods to solve easy problems and formulas 
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methods to solve difficult questions. If combined with student answers and Syahlan's opinion, 

students with medium and low abilities in solving easy questions will use trial and error 

methods, and students with high abilities in solving difficult questions will use formulas. 

The results of these student answers can be important information for teachers in teaching 

mathematics. This means that before teaching a material, the teacher must know the students' 

initial abilities (high, medium, or low) and the level of difficulty of the material. Some of the 

benefits for teachers who know students' initial abilities are: teachers can develop 

professionally centered on students  (Gonzalez, 2018), teachers can adjust the level of 

cognitive and increase student learning engagement (Dong et al., 2020), assist teachers in 

designing pedagogical practices and correcting students' misconceptions (Geofrey, 2021). In 

addition, the benefit for teachers who know the level of difficulty of a material is that they 

can design remedial learning plans (Muhson et al., 2017; Wulanningtyas et al., 2020).  The 

description above shows that there are many benefits that the teacher will get if the teacher 

knows the students' actual abilities, and this can be known by the teacher if the teacher uses 

the open polytomus response test.  

Conclusion 

Based on the results of the research and discussion, conclusions are obtained, namely that (1) 

the open polytomous response test has a good category according to classical and modern 

theory. So, the test instrument requirements are accountable (qualifies for a good test) is a 

good test instrument according to the analysis of the two theories (classical and modern 

theory), and (2) the open polytomous response test can provide information on the actual 

competence of students; this is observed in the students' arguments in giving reasons for their 

choices. This is observed in the students' arguments when giving reasons for their choices. 
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Therefore, the open polytomous response test can be used as an alternative to learning 

assessment. 

Recommendation 

Based on the research results, there are several recommendations for teachers, schools, and 

other researchers. For teachers, they should familiarize students with giving a test in the form 

of a polytomous response before giving the test. In schools, principals or other leaders should 

encourage other teachers to take advantage of this test and develop other assessment 

instruments. For other researchers, they should conduct research by developing instruments 

with other polytomous responses (assessment of learning and assessment as learning) on 

other materials. In addition, for further research, conduct a study that develops an assessment 

instrument with a learning response polytomous (pretest). This is important so that students' 

prior knowledge can be known and learning can be effective. 

Limitations 

The research carried out has several limitations. Firstly, the selected schools have not met the 

researchers' expectations, for example, representing schools of high, medium, and low 

quality. In addition, during the collection of research data that begins with learning, it is not 

fully controlled by the researcher, so the students who are the research samples are less 

conditioned. The research is only limited to algebraic materials (sequences and series, 

matrices, equations, and quadratic functions), and does not represent other mathematical 

materials, such as geometry and statistics. 
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Appendix 
 

Instrument of the Open Polytomous Response Test 
 

 
Name of  Student  : ………………………………. 
Class/Department : ………………………………. 
School    : ………………………………. 
 
Instructions :  Mark (x) one of the correct answer choices, and give the reason   
                         (use another piece of paper to write down your reason) 
 
 

1. Given an arithmetic sequence: 3, 8, 13, 18, ....  
The formula for the nth term of the sequence is .... 
A. Un = 5n – 3                C.    Un = 4n – 1 
B. Un = 5n – 2                D.   Un = 3n + 2 
C. Un = 4n – 1 
 
Reason: ..................................................... 
 

2.  Given an arithmetic sequence: 2, 5, 8, 11, …, 68.  
 The number of terms in the sequence is… 

A. 12                              D.   23 
B. 13                              E.   24 
C. 22 
 
Reason: ...................................................... 

3. An arithmetic sequence, the 5th term is 31 and the 
8th term is 46. The difference between the 
sequences is... 
A. 5                                D.    8 
B. 6                                E.   11 
C. 7 
 
Reason: ...................................................... 
 

4. The 4th and 9th terms of an arithmetic sequence are 
110 and 150. The 30th terms of the arithmetic 
sequence are... 

A. 308                            D.   344 
B. 318                            E.    354 
C. 326 

          
      Reason: .............................................................. 

5. An arithmetic sequence is: 3, 8, 13, 18, …, 103.  
Then the middle term of the sequence is … 
A. 53                             D.    11   
B. 52                             E.     10 
C. 20 
D. 11 
E. 10 
 
Reason: ....................................................... 
 

6.  Given the arithmetic sequence: 4, 10, 16, 22, …. .   
     If two  numbers are inserted in every two  
      consecutive terms then the 10th term of the sequence    
     is... 

A. 18                             D.   24 
B. 20                             E.   26 
C. 22 
 
Reason: ................................................................. 

 
7.   The nth term of an arithmetic series is Un = 3n – 5.  
       The formula for the sum of the first n terms of the 
       series is ... 

A. 𝑆𝑛 =
𝑛

2
(3𝑛 − 7)             D.    𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

B. 𝑆𝑛 =
𝑛

2
(3𝑛 − 5)             E.    𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

C. 𝑆𝑛 =
𝑛

2
(3𝑛 − 4) 

         Reason: ......................................................... 
 

8.  The sum of the first n terms of an arithmetic series.  
      Sn = n2 – 19n. The formula for the nth term of the  
     Series is...... 
       

A. 5n – 20                      D.   2n – 20 
B. 5n – 10                      E.    2n – 10 
C. 2n – 30 
 
Reason: .................................................................. 

9.  The sum of all integers between 100 and 300 which 
are divisible by 5 is ...𝑆𝑛 =

𝑛

2
(3𝑛 − 7) 

A. 8.200                               D.  7.600 
B. 8.000                               E.  7.400 
C. 7.800 
 
Reason: ........................................................ 
 

10.   PT. Angkasa Jaya in the first year produced 5,000 
units. In the second year, production was reduced 
by 80 units per year. In what year did the company 
produce 3,000 units? 
A. 24                               D.  27 
B. 25                               E.   28 
C. 26 
 
Reason: ............................................................... 
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11.  The middle term of an arithmetic sequence is 25.  
        If the difference is 4 and the 5th term is 21.  
         Then the sum of all the terms in the sequence is ... 

A. 175                                   D.   295 
B. 189                                   E.   375 
C. 275 
 
Reason: ........................................................ 
 

12. A number of candies are distributed among five 
children according to the rules of an arithmetic 
sequence. The younger the child, the more candy he 
gets. If the second child receives 11 pieces of candy 
and the fourth child 19 pieces, then the total number 
of candies is... pieces 
A. 60                               D.    75 
B. 65                               E.    80 
C. 70  
 
Reason: ................................................................. 

 
13. The sum of the first n terms of a series is 2n2-n.  
        So the 12th term of the series is... 

A. 564                                   D.   45 
B. 276                                   E.   36 
C. 48 
 
Reason: ................................................................... 
 

14. The number of terms in the geometric sequence:  
         3, 6, 12, ..., 3072 is ... 

A. 9                                 D.   12 
B. 10                               E.    13 
C. 11 

          
        Reason: ................................................................... 
 

15.   A geometric sequence has the 2nd term is 8, and 
the 5th term is 64. The 7th term of the sequence is 
... 
A. 32                                     D.   256 
B. 64                                     E.   512 
C. 128 
 
Reason: ................................................................... 
 

16. The value of the middle term of the geometric 
sequence:  
6, 3, …, 3/512  is … 

𝐴.  
1

16
                                  𝐷.  

4

16
 

𝐵.  
2

16
                                  𝐸.   

5

16
 

𝐶.  
3

16
     

Reason:............................................... 
 

17.   A piece of wire is cut with the first piece being 8 
cm, and the next piece 1.5 times the previous cut. 
Then the 5th piece is... cm 
A. 18                                     D.   35 
B. 24                                     E.   40,5 
C. 27,5 
 
Reason: .................................................................... 

 

18.  The sum of an infinite geometric series is 12 and the 
first term is 9. The ratio is ... 

A. 
3

4
                                     D.  −

1

2
 

B. 
1

4
                                     E.  −

3

4
 

C. 
1

3
 

 
        Reason: .................................................................. 
 

19. A  ball falls from a height of 10 m and bounces 
back 3/4 times its previous height. The total 
number of paths until the ball stops is....  m 
A. 60                                    D.   90 
B. 70                                    E.   100  
C. 80  

         
       Reason: ........................................................ 

 

20. Given [
4 8 5
6 3 1

] = [
2𝑎 𝑏 + 𝑎 5
6 3 1

].  

 
The value of  3a + b is ... 
A. 8                                    D.   14 
B. 10                                  E.   20 
C. 12 

          
       Reason: ......................................................... 

21. Given  𝐾 = [
𝑎 2 3
5 4 𝑏
8 3𝑐 11

]  and  𝐿 =

[
6 2 3
5 4 2𝑎
8 4𝑏 11

].  

 
If K = L, then c is  ... 
A. 12                                      D.   15 
B. 13                                      E.   16 
C. 14 
 
Reason: ................................................................ 
 

22. Given 𝐴 = [
1 2
3 4

] , 𝐵 = [
2 3
0 1

],  𝐶 = [
5 2

−1 0
].  

 
Then  (A + C) – (A + B) is ... 

𝐴.   [
5 4
5 4

]                           𝐷.   [
3 −1

−1 −1
] 

𝐵.   [
4 7
2 5

]                           𝐸.    [
7 −1
1 −1

] 

𝐶.  [
4 0

−4 −4
] 

 
Reason: ..................................................................... 
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23. Given matrix  𝑃 = [
1 3 1
2 4 5
0 7 6

], then (𝑃𝑡)𝑡 adalah 

... 

𝐴.   [
1 2 0
3 3 7
1 5 6

]                         D.   [
0 7 6
2 4 5
1 3 1

] 

𝐵.   [
1 3 1
3 3 7
1 5 6

]                         E.    [
0 7 6
2 4 5
1 3 1

] 

𝐶.   [
1 3 1
2 4 5
0 7 6

] 

 
           Reason: ................................................................. 

 

24. Given matrix 𝐴 = [
2𝑥 −5
3 𝑦

], 𝐵 = [
𝑦 2
2 4

],  and 

𝐶 = [
8 −3
5 2𝑥

].   

 
If  A + B = C,  then  x + y = ... 
A. –5                                D.   3                                          
B. –1                                E.   5 
C. 1 
 
Reason: .......................................................... 
 

25. If  𝐴 = [3 5] and 𝐵 = [
1 4
2 6

],  then 2AB adalah 

... 
𝐴.   [13 42]                             D.   [13 84] 
𝐵.   [26 84]                             E.    [30 36] 
𝐶.   [26 42] 

         
       Reason: ................................................................... 

 
 

26. If  [
1 −3

−2 4
], 𝐵 = [

−2 0
1 3

], and 𝐶 = [
3 −1
1 −2

]  

 
then  A(B – C) = ... 
 

𝐴.   [
−5 −14
10 18

]                       D.    [
1 −2

−2 2
] 

𝐵.   [
−5 −4
10 6

]                          E.    [
−7 19
−2 20

] 

𝐶.   [
1 −16

−2 22
] 

       Reason: .......................................................... 

27.  Matrix X  that satisfies  [
1 2
3 4

] 𝑋 = [
4 3
2 1

]  is ... 

𝐴.    [
−6 −5
5 4

]                       D.    [
4 −2

−3 1
]  

𝐵.    [
5 −6
4 5

]                          E.    [
4 −2

−3 1
] 

𝐶.    [
−6 −5
4 5

] 

Reason: ............................................................ 

28. If  matrix 𝐴 = [
3 −𝑥
6 8

] is singular matrix.  

Value of x that satisfies is …. 
 
A.  – 5                                D.   3 
B. – 4                                 E.   4 
C. – 3 

          
       Reason: ........................................................... 

 

29. Given matrix A = [
0 2 3

−2 0 4
−3 −4 0

], then matrix 

determinant  A is ... 
A. 0                                      D.   2 
B. 1                                      E.   4 
C. 2 
 
Reason: ................................................................ 

 
 

30. Transpose matrix P adalah PT. If 𝑃 = [
4 7
3 5

] then 

matrix (PT) – 1 is  ... 

𝐴.    [
−5 7
3 −2

]                       𝐷.   [
−3 5
4 −7

] 

𝐵.   [
3 −4

−5 7
]                        𝐸.   [

4 −3
−7 5

] 

𝐶.   [
−5 3
7 −4

] 

Reason: ................................................................... 

31. Given 𝐴 = [
4 3
2 2

] and 𝐵 = [
5 2
3 1

].  

Inverse matrix AB adalah (AB) – 1 = ... 

𝐴.   
1

2
[
−6 11
16 −29

]                𝐷.  −
1

2
[

6 11
16 29

] 

𝐵.   
1

2
[
29 11
16 6

]                     𝐸.   −
1

2
[
−6 11
16 −29

] 

𝐶.  −
1

2
[
29 11
16 6

] 

Reason: ............................................................... 
 

32. The roots of the quadratic equation  3 dan – 4 are ... 
𝐴.   𝑥2 + 𝑥 − 12 = 0 
𝐵.   𝑥2 − 𝑥 − 12 = 0 
𝐶.   𝑥2 − 𝑥 + 12 = 0 
𝐷.   𝑥2 − 3𝑥 + 4 = 0 
𝐸.   𝑥2 − 4𝑥 + 3 = 0 
 
Reason: ..................................................................... 

33. The roots of the quadratic equation 5𝑥2 + 4𝑥 −
12 = 0 are … 

𝐴.  − 2 dan 
5

6
                              𝐷.   − 2 dan −

6

5
 

𝐵.   2 dan −
5

6
                                  𝐸.   − 2 dan 

6

5
 

𝐶.   2 dan 
6

5
 

 
Reason: ................................................................. 
 
 

34. The roots of the equation 𝑥2 − 2𝑥 − 3 = 0 are 𝑥1 
and 𝑥2.  If 𝑥1 > 𝑥2, then  𝑥1 − 𝑥2 is  … 
𝐴.   − 4                                        D.  2 
𝐵.   − 2                                        E.  4 
𝐶.   0 

          
       Reason: .......................................................... 
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35. The roots of the quadratic equation  2𝑥2 − 3𝑥 −
9 = 0 are  𝑥1 dan 𝑥2.  Value of  𝑥1

2 + 𝑥2
2  is  … 

 

𝐴.   11
1

4
                                       D.  −6

3

4
 

𝐵.   6
3

4
                                         𝐸.  − 11

1

4
 

𝐶.   2
1

4
 

 
Reason: .............................................................. 
 

36. The roots of the quadratic equation:  
 𝑥2 + 2𝑥 + 3 = 0 are α dan β. The quadratic 
equation  (α – 2) dan (β – 2) is  … 
a. 𝑥2 + 6𝑥 + 5 = 0 
b. 𝑥2 + 6𝑥 + 7 = 0 
c. 𝑥2 + 6𝑥 + 11 = 0 
d. 𝑥2 − 2𝑥 + 3 = 0 
e. 𝑥2 + 2𝑥 + 11 = 0 
 
Reason: ......................................................... 
 

37.  A quadratic function that has a minimum value 2  
for  x = 1 and has a value of 3 for x = 2 is … 
A. 𝑦 = 𝑥2 − 2𝑥 + 1 
B. 𝑦 = 𝑥2 − 2𝑥 + 3 
C. 𝑦 = 𝑥2 + 2𝑥 − 1 
D. 𝑦 = 𝑥2 + 2𝑥 + 1 
E. 𝑦 = 𝑥2 + 2𝑥 + 3 
 
Reason: ............................................................. 
 

 

38. The figure  below is a graph of the quadratic 
equation ? … 
𝐴.   𝑦 = 𝑥2 + 2𝑥 + 3 
𝐵.   𝑦 = 𝑥2 − 2𝑥 − 3 
𝐶.   𝑦 = −𝑥2 + 2𝑥 − 3 
𝐷.   𝑦 = −𝑥2 − 2𝑥 + 3 
𝐸.   𝑦 = −𝑥2 + 2𝑥 + 3 

           
       Reason: ......................... 

39.  If f is a quadratic function whose graph passes 
through the points (1,0), (4,0) and (0, –4) then the 
value of f(7) is … 
A.  – 16                                    D.  – 19 
B. – 17                                     E.   – 20 
C. – 18 
 
Reason: ...................................................... 
 

40. The graph equation of a quadratic function has an 
extreme point  (–1, 4) and through (0, 3) is  … 
𝐴.   𝑦 = −𝑥2 + 2𝑥 − 3        𝐷.   𝑦 = −𝑥2 − 2𝑥 − 5 
𝐵.   𝑦 = −𝑥2 + 2𝑥 + 3         𝐸.   𝑦 = −𝑥2 − 2𝑥 + 5 
𝐶.   𝑦 = −𝑥2 − 2𝑥 + 3 
 
Reason: .............................................................. 
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The statements in the introduction are still explaining the research problem. For example,  
 
“Several studies on the closed polytomous response test have been carried out, such as tests on calculus 

material (Khiyarunnisa & Retnawati, 2018), tests on acid and base materials (Andaria & 
Hadiwinarto, 2020), tests on human digestive system material (Jamhari, 2021), and test on 
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These sentences are not directly related to mathematics. While explaining the research problem, please 

keep focusing only on studies conducted on mathematics.   
 
Also, I think the followings sentences are too superficial to explain the strengths and weaknesses of prior 

studies.  
 
“Due to the characteristics of vocational schools that place mathematics as a secondary subject and are 
skill-oriented, this has an impact on students' perceptions of mathematics itself, such as mathematics as 
an uninteresting and mechanistic subject (Putri et al., 2017), mathematics as a boring and complicated 
subject (Ozdemir & Onder, 2017), and mathematics as the most difficult subject (Vani et al., 2019).  
Because of the differences in the characteristics and perceptions of students in vocational schools from 
those of other schools or students, it is reasonable to conduct research by developing the open 
polytomous response test for students in vocational schools. (p. 4).” 
 
It is not clear what are the studies of prior studies that developed a polytomous response test in the 

vocational education context. What are the strengths and weaknesses of these studies?  
 
The discussion is not still a real discussion. The differences and similarities between previous studies and 
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The Development of an Assessment Instrument Using Polytomous 
Response in Mathematics 

 

Abstract: This research is development research that aims to develop a good mathematical 

test instrument using polytomous responses according to classical and modern theories in 

vocational schools. This research design uses the Plomp model, which consists of five stages, 

namely: preliminary investigation, design, realization or construction, trial, revision, and 

implementation (testing). The study was conducted in three vocational schools in Lampung, 

Indonesia. The study involves 413 students, consisting of 191 male students and 222 female 

students. The data was collected through questionnaires and tests. The questionnaire was to 

identify instruments commonly used by teachers and to validate them by experts. The test 

used multiple-choice tests with open reasons for as many as 40 items. The data was analyzed 

using both classical and modern theories.The results show that the open polytomous response 

test has a good category according to classical and modern theory, and the open polytomous 

response test can provide information on the actual competence of students; this is observed 

in the students' arguments when giving reasons for their choices. Therefore, the open 

polytomous response test can be used as an alternative to learning assessment.  

Keywords: assessment instrument, classical and modern theory, vocational school,  

the polytomous responses 

 

Introduction 

Assessment is an important activity and needs to be done by teachers in schools. The 

conventional paradigm often interprets the assessment as a way to find out the achievement 

of student learning outcomes as a whole, so that the assessment is positioned as a separate 

activity from the learning process (Syaifuddin, 2020). Referring to the current paradigm, 

assessment in schools is divided into three types: assessment as learning, assessment for 

learning, and assessment of learning (Wulan, 2018). These three types of assessments aim to 
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provide recognition of the achievement of student learning outcomes after the learning 

process (Earl, 2013), as shown in the following assessment pyramid (Figure 1). 

 

Figure 1. Assessement Pyramid 
 

Assessment can be used with tests. A test is a tool or procedure used to find out or measure 

students' abilities in certain areas with certain rules (Arikunto, 2012). A test consists of two 

types, namely multiple-choice and essay. A multiple-choice test is a form of assessment in 

which each item provides an answer choice, and one of the choices is the correct answer. An 

essay test is a form of assessment that requires answers in sentences or words. Each type of 

test has strengths or weaknesses compared to each other. The strength of multiple-choice tests 

over essays is that multiple-choice tests can be conducted for many students, are more 

objective, and the test results can be known more quickly, but they have a weakness, namely 

that the multiple-choice test is not able to see the actual abilities of students and the answers 

tend to be guesses or tried out (Rosidin, 2017). In addition, the strength of the multiple-choice 

test has a scoring certainty compared to the essay test, namely 1 and 0 (getting a score of 1 

for the correct answer, and a score of 0 for the wrong answer choice). Multiple-choice tests 

with only two answer choices are called "dichotomous tests," and multiple-choice tests with 

more than two answer choices are called "polytomous tests" (Kartono, 2008). 

Until now, multiple-choice tests have been widely used by teachers to assess students' 

abilities, especially those with a large number and a wide area of expertise. To reduce the 

weakness of multiple-choice tests, in the last four decades, experts have developed multiple-

choice tests by combining multiple-choice tests and essays into multiple-choice tests with 
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reasons and are called the polytomous response test(Suwarto, 2012). The polytomous 

response test score is 1 - 4. Score of 4 for the correct answer and reason, score of 3 for the 

correct answer but the wrong reason, score of 2 for the wrong answer but the correct reason, 

and score of 1 for the wrong answer and reason(Kartono, 2008). 

In the 80s, the first test that was focused on and developed by experts was the closed 

polytomous response test, also known as the two-tier test(Treagust, 1988). This test consists 

of two levels: the first is choosing answers on the multiple-choice test, and the second level is 

choosing reasons based on the answer choices at the first level (Chandrasegaran et al., 2007).  

Several studies on the closed polytomous response test have been carried out, such as tests on 

calculus material (Khiyarunnisa & Retnawati, 2018), tests on acid and base materials 

(Andaria & Hadiwinarto, 2020), tests on human digestive system material (Jamhari, 2021), 

and test on mathematical connection material (Lestari et al., 2021). Although the closed 

polytomous response test has been widely developed, researchers have found weaknesses in 

the test, such as students' misconceptions or students' actual competencecannot be known in 

detail (Antara et al., 2019), the test instrument is difficult to construct (Khusnah, 2019), and 

student answers are still guessed (Myanda et al., 2020). However, there are strengths in the 

closed polytomous response test, such as the consistency of student answers errors, which is 

easy to observe (Treagust, 1988), and the suitability between the student's answer choices and 

the reason is easy to know (Diani et al., 2019). 

To reduce the weakness of the closed polytomous response test, the experts modified the test 

to be the open polytomous response test. The open polytomous response test is a form of 

multiple-choice test that provides a place to write arguments for the answer choices 

(Retnawati, 2014). The studies on the open polytomous response test that have been carried 

out aretests on calculus material in universities (Yang et al., 2017) and tests on physics 
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material in high schools (Prasetya et al., 2019).Both of these studies have developed the open 

polytomous response test for students in college or high school. Students in colleges and high 

schools place mathematics as a primary subject, while students in vocational schools place 

mathematics as a secondary subject (Oktaria, 2016). In addition, graduate students in 

vocational schools are more oriented towards practical abilities and skills, in contrast to 

graduate students in colleges or high schools, who are academically oriented (Permendikbud, 

2016). Due to the characteristics of vocational schools that place mathematics as a secondary 

subject and are skill-oriented, this has an impact on students' perceptions of mathematics 

itself, such as mathematics as an uninteresting and mechanistic subject (Putri et al., 2017), 

mathematics as a boring and complicated subject (Ozdemir & Onder, 2017), and mathematics 

as the most difficult subject(Vani et al., 2019). Because of the differences in the 

characteristics and perceptions of students in vocational schools with those of other schools 

or students, it is reasonable to conduct research by developing the open polytomous response 

test for students in vocational schools. 

The test instrument developed must be accountable as a good test, and be necessary to 

analyze the quality of the item (Rosidin, 2017). There are two theories for analyzing item 

quality, namely classical and modern. Classical theory is a measurement theory for assessing 

tests based on the assumption of measurement errors between actual results and observations, 

and from the assumption, a formula for calculating the level of difficulty and item 

discrimination was developed (Hambleton & Jones, 1993). The modern theory is a 

measurement theory to assess students' abilities by comparing students' abilities with their 

group abilities and is known as Item Response Theory/IRT (Hambleton & Linden, 1982). 

Classical theory is widely used by teachers because it is easy to apply. However, this classical 

theory has a weakness, namely, it cannot separate the characteristics of students and items. 

The modern theory is a solution to overcome the weaknesses of the classical theory because 
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in the modern theory, an item does not affect other items (local independence), items only 

measure one dimension (unidimensional) (Anisa, 2013), and an item eliminates the 

relationship between respondents and items (parameter invariance) (Saepuzaman et al., 

2021). Therefore, experts suggest that the test instrument is accountable; the quality of the 

items must be good according to the analysis of classical and modern theory (Retnawati, 

2014). 

This research is development research that aims to develop a good mathematical test 

instrument using polytomous responses according to classical and modern theories in 

vocational schools. The research problem is stated as follows:(1) does the open polytomous 

response test developed have a good category so that it can be an assessment instrument in 

vocational schools according to classical and modern theory?, and (2) doesthe open 

polytomous response test instrument developed provide information on students' actual 

competence in vocational schools ? 

Methodology 

Research Design 

This research is a research and development that refers to Plomp’s model (Plomp, 2013), with 

the research procedure consisting of five stages, namely preliminary investigation, design, 

realization or construction, test phase, revision, and implementation (test). 

 

 

 

 
Figure 2. Stages of Research Design 

Realization/construction Design Preliminary investigation 

Implementation (Test) Revision 
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The preliminary investigation stage is to identify the assessment instruments used by teachers 

so far. The design stage is to make the open polytomous response test grid according to the 

basic competencies of mathematical concepts and to make an expert assessment 

questionnaire sheet. The realization/construction stage is developing the items test and also 

the expert validation process for the items test. The revision stage is the improvement of 

items on the test based on expert advice. The implementation (testing) stage is to try out the 

test on students and analyze the results of the test. 

 Research Subject 

The subjects of the study are students at a vocational school in the province of Lampung, 

Indonesia. The research sample was determined using a non-probability sampling technique 

in the form of accidental sampling, which means taking a subject based on a subject that is 

easy to find and ready to be a respondent(Malhotra, 2006). The selected schools are three 

schools as representatives, namely the Mitra Bhakti vocational school, the Praja Utama 

vocational school, and the Ma'arif NU vocational school. The research subjects are 413 

students in grade I (male students = 191, and female students = 222), whose mathematical 

abilities on the National Exam (NE) were categorized as moderate (average 64.67 out of the 

ideal score of 100). The following are the characteristics of the research subjects in detail 

shown in Table 1. 

Table 1. Research Subjects 

Vocational Schools Grade 
The Number of Students 

Average of NE 
Total Male  Female 

Mitra Bhakti 
I-A 13 5 8 64.24 
I-B 23 10 13 62.4 
I-C 29 9 20 65 

Praja Utama 

I-A 40 40 0 64 
I-B 39 39 0 64.62 
I-C 43 15 28 68.72 
I-D 38 15 23 67.9 
I-E 41 14 27 67.56 
I-F 40 17 23 63.38 
I-G 40 8 23 67.74 

Ma’arif NU 
I-A 31 14 17 62.1 
I-B 36 5 51 58.34 

Total 413 191 222  64.67 
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Data Collection Techniques 

Data was collected using a questionnaire and a test. The questionnaire contains several 

questions to the teacher about the instrument for assessment used by the teacher and also 

expert validity of the instrument developed to determine content validity (Suhaini et al., 

2021). The instrument was validated by two people who have expertise in mathematics and 

educational evaluation. The three aspects assessed by the expert are the suitability of the 

items with the indicators, language, and alternative answers to the questions. The score 

validating the instrument follows the criteria as in Table 2 below. 

Table 2. Content Validity Score 

Description Score 
Irrelevant 1 

Quite relevant 2 
Relevant 3 

Very relevant 4 
 

After determining content validity, the instrument was tested on students. Then, it was 

continued by determining the validity of the construct and its reliability, with the aim of 

ensuring that the instrument can be further analyzed. 

The instrument used was the open polytomous response test, which consisted of 40 questions 

on the concepts of sequences and series (arithmetic and geometry), quadratic equations and 

functions, and matrices. Each item contains five answer choices along with the reasons. 

Student scores refer to the polytomous score in the Partial Credit Model, where answer 

choices and reasons are related  (Retnawati, 2014), as shown in Table 3 below. 

Table 3.  Scores for Student Answers 

Student Answers 
Score 

Answer Options Reason 
False False 1 
False Right 2 
Right False 3 
Right Right 4 

 



8 
 

Data Analysis 

The collected research data is analyzed in two stages: (1) questionnaire data analysis 

(qualitative analysis) and (2) test data analysis (empirical analysis).The following is an 

explanation of each data analysis: 

1. Questionnaire data analysis (qualitative analysis) 

There are two sets of questionnaire data, namely: identification of assessment instruments in 

schools and expert assessment of the assessment instruments developed. The results of the 

two questionnaires were analyzed descriptively. Specifically for expert judgment, it is 

continued with an analysis of expert agreement that uses the Gregory index formula 

(Gregory, 2015), namely: 

         V = 
𝐷

𝐴+𝐵+𝐶+𝐷
 

Description: 
   V = Content Validity 
   A = Rater 1 and 2 are weak 
   B = Rater 1 is strong, and rater 2 is weak 
   C = Rater 1 is weak, and rater 2 is strong 
D = Rater 1 and 2 are strong 

 

The interpretation of Gregory's formula is that the number V is in the range of 0 to 1. The 

higher the number V (close to 1 or equal to 1), the higher the value of the validity of an item. 

Conversely, the lower the number V (close to 0 or equal to 0), the lower the validity of an 

item. 

2. Test data analysis (empirical analysis) 

After the content validity test, it is followed by the construct validity and reliability tests. The 

construct validation test uses exploratory factor analysis. The instrument is considered to 

have a good construct if the explained Kaiser-Meyer-Olkin (KMO) value is greater than 0.5 
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(Retnawati, 2014). Reliability test using Cronbach's alpha formula The instrument is said to 

have good reliability if the coefficient value of Cronbach's Alpha is 0.60(Arikunto, 2012). If 

the instrument has good construct validation, further tests can be analyzed, namely the level 

of difficulty and item discrimination. The reason for analyzing the level of difficulty and item 

discrimination is that they are both preliminary analyses of the assumptions of measurement 

theory (Hambleton & Jones, 1993). To simplify the process of analyzing the level of 

difficulty and item discrimination, the Iteman program is used for classical theory and the 

Winsteps program for modern theory (Sarea & Ruslan, 2019). The Winsteps program is used 

because it has several advantages; namely, it can analyze polytomous data and calculate the 

maximum likelihood model using a 1-parameter logistic model (Untary et al., 2020). 

2.1  Analysis of test data with classical theory 

a. The item difficulty level is the percentage of the number of students who answered 

correctly or incorrectly. If the item has an index of 0.3–0.7, then the item is good; if 

the item has an index below 0.3, then the item is difficult; and if the item has an index 

above 0.7, then the item is easy. 

b. Discrimination is the ability of a test to distinguish between high-ability students and 

low-ability students. Discrimination is said to be good if it has an index above 0.3, 

and if the discrimination index is below 0.3, then the question needs to be revised 

(Arikunto, 2012). 

2.2 Analysis of test data with modern theory 

a. The item difficulty level is the level of the student's latent trait towards the item. The 

difficulty of the items determines the ability of about 50% of the respondents who are 

expected to answer items correctly (DeMars, 2010). An item is said to be good if it 

has an index of between -2 and +2 (Hambleton & Swaminathan, 1985). If the index is 
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close to -2, then the item is classified as very easy, and if the index is close to +2, the 

item is classified as very difficult (Retnawati, 2014). In the Winsteps program, the 

item difficulty level is in the Measure column. 

b. Item discrimination is indicated by the slope of the curve on the item characteristics. 

The item is said to have good discrimination if the slope of the curve is moderate (not 

too gentle or steep), because if the slope of the curve is too gentle or steep, then the 

item is not good. Another opinion states that a good index is above 0.4 (Crocker & 

Algina, 1986). In the Winsteps program, the item discrimination is in the Pt-Measure 

Corr column. 

According to modern theory, before analyzing the item difficulty level and discrimination, 

three assumptions must be tested, namely unidimensionality, local independence, and model 

fit (Hambleton et al., 1991). Unidimensional means that each test item only measures one 

ability. There are three ways that are often used to test unidimensionality, namely the analysis 

of the Eigen values of the correlation matrix between items, the Stout-test on the 

unidimensional assumption test, and the index based on the residuals of the unidimensional 

solution (DeMars, 2010). In this study, the dimensional test uses the Eigen value analysis of 

the correlation matrix between items. 

Local independence is the state of the respondent's answer to an item that is not influenced by 

other items. local independence test by proving that the probability of the respondent's 

answer pattern is the same as the probability of the respondent's answer to each item. If the 

unidimensional assumption is accepted, the local independence assumption will also be 

accepted (DeMars, 2010). Use the Model Fit Test to find out whether the model used is in 

accordance with the items. Test the fit of the model by measuring the outfit mean square 

(MNSQ) and PT-Measure. If the outfit MNSQ value is 0.5 to 1.5 and the Pt-Measure Corr is 

positive, it is said that the item fits the model (Linacre, 2012). In addition, the information 
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function and standard error measurement (SEM) are analyzed, which aims to further explain 

the latent ability as measured by using a test that is expressed through item donations. 

Findings/Results 

Analysis of Questionnaire Data 

Based on the results of the questionnaire, it is found that so far, the teacher has never used the 

polytomous response. As many as 80% of teachers use essay tests and 20% of teachers use 

multiple-choice tests, with each instrument consisting of 2–5 items. In addition, about 10% of 

teachers use this assessment as a means for learning improvement, such as improving lesson 

plans and teaching methods. The results of the questionnaire stated that 90% of teachers who 

do not use assessment as an improvement in learning are caused by several aspects, such as: 

teachers do not understand assessment (20%), teachers do not know how to analyze 

assessments (50%), and teachers do not know how to develop good assessment questions 

(30%). The following is a summary of the questionnaire from the identification data. 

 

Figure 3. Description of Teacher Conditions in Assessment 

Content Validity 

The results of the two expert assessments show that the content validation instrument is good. 

Furthermore, the analysis of expert judgment agreement is obtained as shown in Table 4 

below. 
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Table 4. The Gregory Item Index 
 Rater 1 

weak strong 

Rater 2 
weak 0 0 
strong 0 40 

Index Gregory 1 
 

Based on the results of the assessment in Table 4, it can be concluded that the instrument is 

valid because the value of V reaches a value of 1. Therefore, the instrument test can be 

continued. In addition to providing assessments, the experts also provide some suggestions 

for improvements to the instrument, namely the preparation of questions using the ABCD 

format (Audience, Behavior, Competence, and Degree), avoiding the use of ambiguous 

language or statements, improving mathematical concepts, making alternative answer choices 

that are misleading, and arranging them in order. 

Analysis of Test Data 

Construct Validity 

After testing the instrument, it is followed by a construct validity test. The results of the test 

with exploratory factor analysis are shown in Table 5. 

Table 5. Exploratory Factor Analysis 

KMO and Bartlett's Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
Bartlett's Test of Sphericity Approx. Chi-Square 1936.378 

Df 780 
Sig. .000 

 

Based on Table 5, the explained KMO value is 0.76 (more than 0.5), and it can be concluded 

that the variables and samples used to allow for further analysis. 

 
 Reliability 

The results of the estimation of the reliability of the instrument obtained a Cronbach's Alpha 

coefficient value of 0.89 (more than 0.6). It means that the instrument has good reliability so 
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that the analysis of the level of difficulty and item discrimination can be continued according 

to classical and modern methods. 

Table 6. Reliability of Items 

Cronbach’s Alpha N of Items 
0.892 40 

 

Analysis of Test Data with Classical Theory 

Analysis of test data in the classical way does not require testing assumptions, but the 

analysis of the difficulty level of the items and the distinguishing power of items can be 

directly calculated if the validity and reliability have been met. The results of the two 

analyses are presented in Table 7 below. 

Table 7. The Item Difficulty Level and Discrimination 
Item Difficulty 

Level 
Category Discrimination Category Item Difficulty 

Level 
Category Discrimination Category 

1 0.538 good 0.196 Revised 21 0.482 good 0.143 revised 
2 0.487 good 0.179 Revised 22 0.535 good 0.429 good 
3 0.528 good 0.214 Revised 23 0.492 good 0.250 revised 
4 0.540 good 0.304 Good 24 0.438 good -0.071 revised 
5 0.489 good 0.089 Revised 25 0.436 good -0.107 revised 
6 0.446 good -0.161 Revised 26 0.385 good -0.286 revised 
7 0.438 good -0.232 Revised 27 0.383 good -0.321 revised 
8 0.453 good -0.143 Revised 28 0.416 good -0.143 revised 
9 0.414 good -0.143 Revised 29 0.458 good -0.125 revised 
10 0.409 good -0.339 Revised 30 0.385 good -0.375 revised 
11 0.438 good -0.143 Revised 31 0.404 good -0.321 revised 
12 0.436 good -0.036 Revised 32 0.433 good -0.250 revised 
13 0.400 good -0.321 Revised 33 0.441 good 0,036 revised 
14 0.450 good -0.036 Revised 34 0.424 good -0.268 revised 
15 0.462 good 0.250 Revised 35 0.412 good -0.321 revised 
16 0.453 good -0.089 Revised 36 0.431 good -0.304 revised 
17 0.416 good -0.143 Revised 37 0.404 good -0.232 revised 
18 0.419 good -0.196 Revised 38 0.363 good -0.482 revised 
19 0.431 good -0.232 Revised 39 0.230 good -0.929 revised 
20 0.441 good -0.089 Revised 40 0.211 good -1.071 revised 

 

Based on Table 7, it is found that all items have an item difficulty level in the index range of 

0.3 to 0.7, so they are included in the good category. Meanwhile, only two items on 

discrimination have good categories, and the remaining items need to be revised. The results 

indicate that all items are good based on the level of difficulty, but almost all items need to be 

revised for item discrimination. 
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 Analysis of Test Data with Modern Theory 

The Unidimensional Assumption Test 

The unidimensional assumption test is the first assumption test with factor analysis. Factor 

analysis begins by testing the adequacy of the sample to be used in the analysis, constructing 

a variance-covariance matrix, and then calculating the eigenvalues. The eigenvalue is then 

used to calculate the percentage of explained variance, as well as describe the scree plot 

(Retnawati, 2014). The output of factor analysis is the Kaiser-Meyer-Olkin Measure of 

Sampling Adequacy (KMO) statistic and scree plot. 

Table 8. The KMO Test 

KMO Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
 Sig. .000 

 

The unidimensional test is seen based on the cumulative percentage of Eigenvalues and scree 

plot analysis results. If the cumulative percentage of the first factor eigenvalue is greater than 

20%, then the unidimensional assumption is fulfilled (Retnawati, 2014). In Table 9, it can be 

seen that the cumulative percentage of the first factor Eigenvalues is 20.220%. Because the 

Eigen value is more than 20%, this instrument is proven to only measure one factor or 

dimension. 

Table 9. Total Variance Explained 

Component 
Initial Eigen Values 

Total Variance (%) Cumulative (%) 
1 8.088 20.220 20.220 
2 1.458 3.646 23.865 

 

In addition, the unidimensional test can also be seen on the scree plot, which is based on the 

number of factors marked by the steepness of the graph with the acquisition of Eigenvalues. 
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Figure 4. Scree Plot Unidimensional 

Based on the scree plot, it is known that the eigenvalues immediately slope on the second 

factor. It demonstrates that the developed instrument has only one dominant factor.The 

results prove that the test kit meets the unidimensional assumption, or in other words, only 

measures one dominant factor. 

Local Independence Assumption Test 

The local independence assumption test will be fulfilled if the student's answer to one item 

does not affect the student's answer to another item. Thus, the score of one item should not be 

determined or dependent on the scores of other items. This confirms that this assumption 

automatically proves that students' answers do not affect answers to other items  (Retnawati, 

2014). 

Table 10. The Covariance Matrix. 
 K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 

K1 0.0486                

K2 0.012 0.0042               

K3 0.0105 0.0034 0.0032              

K4 0.0317 0.0106 0.0093 0.0293             

K5 0.01 0.0032 0.0029 0.0085 0.0028           

K6 0.0069 0.0023 0.0021 0.0062 0.002 0.0016         

K7 0.0036 0.0011 0.0009 0.0028 0.0009 0.0007 0.0004       

K8 0.0041 0.0015 0.0012 0.0037 0.0011 0.0008 0.0004 0.0006     

K9 0.0074 0.0024 0.0022 0.0065 0.002 0.0015 0.0007 0.0009 0.0017   

K10 0.021 0.0061 0.0054 0.0148 0.0051 0.0039 0.0017 0.0025 0.0043 0.0196 
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Table 10 shows the results of the variance-covariance values between groups of students' 

abilities. In the table, it can be seen that the covariance value between the ability interval 

groups located on the diagonal is small and close to zero. This result shows that there is no 

correlation, so it can be said that the local independence assumption test is accepted. 

Model Fit 

The model fit test is analyzed using the Winsteps program. The item requirements are called 

"fit to the model." If the Outfit MNSQ value is 0.5 to 1.5 and the Outfit ZSTD value is -2 to 

2, and the Pt-Measure Corr is positive, then it can be said that the item fits the model 

(Sumintono & Widhiarso, 2015). An item is considered fit if one of the conditions is 

accepted. In addition, it can also be seen from the MNSQ infit of 0.77 to 1.3, but at this stage, 

the fit of the model is only taken on the MNSQ and Pt-Measure outfit values. Based on the 

results of the analysis, all items match the model or fit (Figure 5). 

 

Figure 5. Item Fit on Model 
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The Item Difficulty Level 

The item difficulty level is analyzed using the Winsteps program, and the results obtained can 

be presented in Table 12 (Measure column). The item difficulty level is in the range of -0.70 

to 0.84. From Table 12, the highest difficulty level is item 40 (difficulty level 0.84), and the 

lowest difficulty level is item 1 (difficulty level -0.70). Since the difficulty level is in the 

range of 2 and 2, it can be concluded that all items are in the good category. If further divided 

into three categories, the difficulty level of items in the range of -0.7 to 0.84 is moderate 

(Sumintono & Widhiarso, 2015). It can also be seen on the difficult map items, namely that 

the difficulty level is in the range of -2 and 2. 

 

Figure 6. Item Difficulty Level 
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Figure 7. Item Difficulty Map 

The Item Discrimination 

The item discrimination analysis used the Winsteps program, and the results are presented in 

Figure8 (column PT-Measure Corr). Item discrimination is in the range of 0.23 to 0.74, with 

details of 27 items having an index above 0.4 (good category), and 13 items having an index 

below 0.4 (bad category). However, the 13 items can be used as an instrument as long as the 

index is above 0 (Alagumalai et al., 2005). 
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Figure 8. Item Discrimination 

 
Comparative Analysis Between Classical and Modern Theory 

The results of the analysis of classical and modern theories obtained the index of difficulty 

level and item discrimination as follows. 

Table 11. Comparison of Classical and Modern Theories 

Parameter 
Classical Theory Modern Theory 

Many Items with 
Good Categories 

Percentage Many Items with 
Good Categories 

Percentage 

Difficulty level 40 100 40 100 
Item discrimination 2 0.05 27 67.5 

 

Based on Table 11, the level of item difficulty analyzed by classical and modern theory has 

the same results (good category). However, item discrimination using modern theory has 

more items in the good category than using classical theory. If we compare the index of 

discriminatory items between classical (Table 7) and modern (Figures 6 and 8), it can be seen 
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that there is a match between the categories of item discrimination. It means that if item 

discrimination is not good with the classical theory, then item discrimination is also not good 

with the modern theory (13 items correspond to the item discrimination index, and 27 do not 

match). 

Information and Measurement Error (SEM) Function 

The function of information to reveal latent ability is measured by using a test that is 

expressed through item donation. The test information function is also the sum of the 

functions of each item. The information function is inversely proportional to measurement 

error, or standard error measurement (SEM). The value of the information function of the test 

device will be high if the items that make up the test have a high information function. The 

following is a picture of the curve of the relationship between the information function and 

SEM. 

 

Figure 9. Graph of Information Function and Measurement Error 

Figure 9 shows that this instrument provides information of 22.36 (maximum) and has a 

measurement error of 0.21 (smallest) for medium-ability students. The lower and upper limits 

of the interval are the ability scores where the graph of the information function and the SEM 

graph intersect at that interval. This graph states that the greater the value of the information 

function, the smaller the measurement error (SEM), and the item information function 
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expresses the strength or contribution of the test items in revealing the latent trait as measured 

by the test. This information function provides a description of the item according to the 

model (which helps with item selection) (Retnawati, 2014). These results conclude that this 

test instrument is suitable for students with medium abilities. 

Based on the test results, it can also be seen that the actual competency information of 

students in SMK is based on the test answers. Instrument analysis is based on two patterns of 

student answers that have the same tendency based on Bloom's Taxonomy (Bloom, 1956). A 

total of six student answers were selected as samples with different abilities (high, medium, 

and low). 

Item 1: The cognitive domain to be achieved is C2 (Understanding). Based on students' 

answers, the two dominant patterns of student answers are: (1) students have understood the 

general form of arithmetic sequences and know the first term and other terms, and (2) 

students have not been able to formulate general forms in arithmetic sequences and perform 

algebraic operations on general forms arithmetic sequence. 

 Question 1: Pattern 1: Pattern 2: 

 

  

Figure 10. Student Answers in Item 1 

Item 2: The cognitive domain to be achieved is C2 (understanding). Based on students' 

answers, the two dominant patterns of student answers are (1) being able to understand the 

number of terms in a sequence by using the general formula for an arithmetic sequence, or 

determining the number of arithmetic sequences without using a general formula (only 
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writing down all the terms from the first term until the last term), and (2) students who can 

already use the general formula for arithmetic sequences but have not been able to determine 

the number of arithmetic sequences because of errors in performing algebraic operations on 

general arithmetic sequences. 

Question2: Pattern 1 Pattern 2 

 
  

Figure 11. Student Answers in Item 2 

Item 3: The cognitive domain to be achieved is C3 (applying). Based on students' answers, 

the two dominant patterns of student answers are: (1) students have understood and 

determined the difference between two non-adjacent arithmetic sequences using the general 

formula for arithmetic sequences, and (2) other students can determine the number of 

arithmetic sequences even though they are not using a general formula or by writing the 

terms of the known terms and inserting several terms. 

Question 3: Pattern 1 Pattern 2 

 
 

 
 

Figure 12. Student Answers in Item 3 
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Item 4: The cognitive domain to be achieved is C3 (applying). Based on students' answers, 

the two dominant patterns of student answers are: (1) students have understood and can 

determine the nth term in an arithmetic sequence that is known to be two non-adjacent terms 

using the general formula for arithmetic sequences, and (2) students cannot determine the 

number of arithmetic sequences because it does not use a general formula but by writing the 

terms of the known terms and inserting several terms and continuing until the nth term. 

Question  4: Pattern 1 Pattern 2 

 
  

Figure 13. Student Answers in Item 4 

Item 5: The cognitive domain to be achieved is C1 (remembering). Based on students' 

answers, the two dominant patterns of student answers are: (1) students have understood and 

determined the middle term of an arithmetic sequence, and (2) students can determine the 

middle term of an arithmetic sequence but do not use general formulas, but rather by writing 

the terms from known terms and inserting several terms and then defining them. 

Question 5: Answer Pattern 1 Answer Pattern 2 

 
 

 

Figure 14. Student Answers in Item 5 
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Description of Instrument Development and Student Ability 

The instrument developed from this research is the open polytomous response test, and all 

parameters have been accepted. This instrument is a combination of a multiple-choice test 

and an essay. Multiple choice tests are easier to check students' answers, but their 

mathematical thinking processes cannot be known in depth. While the essay test has the 

advantage of being able to find deeper mathematical thinking processes, it takes a long time 

to check the answers. 

Analysis of learning instruments is an important source of composite scores in the final 

report. In the final report, the student's ability score was first changed to a score of 0–10 

(previously 0–100). The conversion is done through a linear transformation by dividing the 

student's score by the ideal score, then the result is multiplied by 10 to get a value range of 0–

10, or multiplied by 100 to get a value range of 0–100. In the range of 0–10, the scores of 

students' mathematical ability were 8, 56 (highest) and 4.31 (lowest), or in the range of 0–

100, students' math ability scores were 85.6 (highest) and 43.1 (lowest). 

The results of the analysis of student abilities are presented in the form of predicates ranging 

from very low to very high according to the specified category. The results of this analysis 

show that most students have very low to medium abilities, as much as 62% (253 students), 

and the remaining 38% (160 students) have high and very high abilities. Other analysis 

results found that high and very high-ability students tend to work according to concepts with 

more creative completion steps (different from the teacher's example), but students who have 

very low to medium abilities can solve problems according to concepts with less creative 

completion steps (e.g., routine or according to the teacher's example). 

Other results show that the assessment with an open response polytomus makes it easier for 

teachers to explore students' difficulties with a material. Then, from this exploration, the 
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teacher can continue with improvements for students who have learning difficulties. An 

important finding of this study is that information about students' learning difficulties through 

the open polytomus response test is more secondhand and complete than other assessment 

instruments, such as multiple choice tests (Gierl et al., 2017) or essay tests (Putri et al., 2020). 

Discussion 

This research is development research that aims to develop a good mathematical assessment 

instrument using polytomic responses according to classical and modern theories. The results 

of the data analysis found that there were differences in the results of the analysis between 

classical theory and modern theory, namely on item discrimination. Classical theory analysis 

obtained 38 items with bad criteria and only 2 items with good criteria. In contrast, modern 

theory analysis obtained 27 items with good criteria and 13 items with bad criteria. 

According to evaluation theory, modern theory aims to cover the weaknesses of classical 

theory. The results of classical theory analysis are often categorized as poor, but modern 

analysis results are categorized as good, and vice versa (Retnawati, 2014). That is, an item 

that is not in a good category with classical theory should be analyzed according to modern 

theory before revising or replacing the item. 

The study of assessment with an open response polytomus test was carried out by Yang et al. 

(2017). However, this Yang study has several fundamental differences, namely the research 

objectives and data analysis. The aim of this research is to diagnose the errors of university 

students in the concept of calculus, not to produce a good assessment instrument. The data 

analysis used parametric statistics (covariance), not item analysis (classic and modern). 

Because the objectives and data analysis are different, the results of this study cannot be 

compared with the results of any other study. However, this research has provided other 
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researchers with information in developing tests, such as the suitability of items with 

indicators, use of language, and preparation of answer choices. 

There are other studies related to the response politomus test, namely Sarea (2018)and 

Saepuzaman(2021). Sarea's research states that the response polytomus test has good criteria 

(classical and modern theory), and the classical theory analysis has more items than modern 

theory. Meanwhile, Saepuzaman's research found that the response polytomus test had good 

criteria (classical and modern theory), and the modern theory analysis had more items than 

classical theory. 

The results of the analysis of student answers obtained information that there were two 

patterns of students' solving questions: (1) formulas,and (2) trial and error. Students who use 

formula patterns in solving problems tend to be carried out by high-ability students, and 

students who use trial and error patterns tend to be carried out by students with medium and 

low abilities. Students who use both patterns can answer the questions correctly as shown in 

Figure 15 below. 

 
 

(i) 
 

(ii) 

Figure 15. Student Answer Patterns with (i) Formulas, and (ii) Trial and Error 

Both patterns of solving math problems are common ways. This is in line with the opinion of 

Mason et al. (2010) that there are several ways that can be used in solving math problems, 

namely trial and error, use a drawing or model, analogy, and formula. Syahlan (2017) states 

that two ways that students often use to solve math problems are (1) trial and error and (2) 

formulas. Usually, students use trial and error methods to solve easy problems and formulas 
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methods to solve difficult questions. If combined with student answers and Syahlan's opinion, 

students with medium and low abilities in solving easy questions will use trial and error 

methods, and students with high abilities in solving difficult questions will use formulas. 

The results of these student answers can be important information for teachers in teaching 

mathematics. This means that before teaching a material, the teacher must know the students' 

initial abilities (high, medium, or low) and the level of difficulty of the material. Some of the 

benefits for teachers who know students' initial abilities are: teachers can develop 

professionally centered on students  (Gonzalez, 2018), teachers can adjust the level of 

cognitive and increase student learning engagement (Dong et al., 2020), assist teachers in 

designing pedagogical practices and correcting students' misconceptions (Geofrey, 2021).In 

addition, the benefit for teachers who know the level of difficulty of a material is that they 

can design remedial learning plans(Muhson et al., 2017; Wulanningtyas et al., 2020).The 

description above shows that there are many benefits that the teacher will get if the teacher 

knows the students' actual abilities, and this can be known by the teacher if the teacher uses 

the open polytomus response test. 

Conclusion 

Based on the results of the research and discussion, conclusions are obtained, namely that (1) 

the open polytomous response test has a good category according to classical and modern 

theory. So, the test instrument requirements are accountable (qualifies for a good test) is a 

good test instrument according to the analysis of the two theories (classical and modern 

theory), and (2) the open polytomous response test can provide information on the actual 

competence of students; this is observed in the students' arguments in giving reasons for their 

choices. This is observed in the students' arguments when giving reasons for their choices. 
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Therefore, the open polytomous response test can be used as an alternative to learning 

assessment. 

Recommendation 

Based on the research results, there are several recommendations for teachers, schools, and 

other researchers. For teachers, they should familiarize students with giving a test in the form 

of a polytomous response before giving the test. In schools, principals or other leaders should 

encourage other teachers to take advantage of this test and develop other assessment 

instruments. For other researchers, they should conduct research by developing instruments 

with other polytomous responses (assessment of learning and assessment as learning) on 

other materials. In addition, for further research, conduct a study that develops an assessment 

instrument with a learning response polytomous (pretest). This is important so that students' 

prior knowledge can be known and learning can be effective. 

Limitations 

The research carried out has several limitations. Firstly, the selected schools have not met the 

researchers' expectations, for example, representing schools of high, medium, and low 

quality. In addition, during the collection of research data that begins with learning, it is not 

fully controlled by the researcher, so the students who are the research samples are less 

conditioned. The research is only limited to algebraic materials (sequences and series, 

matrices, equations, and quadratic functions), and does not represent other mathematical 

materials, such as geometry and statistics. 
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Appendix 
 

Instrument of the Open Polytomous Response Test 
 

 
Name of  Student  : ………………………………. 
Class/Department : ………………………………. 
School    : ………………………………. 
 
Instructions :  Mark (x) one of the correct answer choices, and give the reason   
(use another piece of paper to write down your reason) 
 
 

1. Given an arithmetic sequence: 3, 8, 13, 18, ....  
The formula for the nth term of the sequence is .... 
A. Un = 5n – 3                C.    Un = 4n – 1 
B. Un = 5n – 2                D.   Un = 3n + 2 
C. Un = 4n – 1 
 
Reason: ..................................................... 
 

2.  Given an arithmetic sequence: 2, 5, 8, 11, …, 68.  
 The number of terms in the sequence is… 

A. 12                              D.   23 
B. 13                              E.   24 
C. 22 
 
Reason: ...................................................... 

3. An arithmetic sequence, the 5th term is 31 and the 
8th term is 46. The difference between the 
sequences is... 
A. 5                                D.    8 
B. 6                                E.   11 
C. 7 
 
Reason: ...................................................... 
 

4. The 4th and 9th terms of an arithmetic sequence are 
110 and 150. The 30th terms of the arithmetic 
sequence are... 

A. 308                            D.   344 
B. 318                            E.    354 
C. 326 

 
      Reason: .............................................................. 

5. An arithmetic sequence is: 3, 8, 13, 18, …, 103.  
Then the middle term of the sequence is … 
A. 53                             D.    11   
B. 52                             E.     10 
C. 20 
D. 11 
E. 10 
 
Reason: ....................................................... 
 

6.  Given the arithmetic sequence: 4, 10, 16, 22, …. . 
     If two  numbers are inserted in every two 
consecutive terms then the 10th term of the sequence  
is... 

A. 18                             D.   24 
B. 20                             E.   26 
C. 22 
 
Reason: ................................................................. 

 
7.   The nth term of an arithmetic series is Un = 3n – 5.  
       The formula for the sum of the first n terms of the 
       series is ... 

8.  The sum of the first n terms of an arithmetic series.  
      Sn = n2 – 19n. The formula for the nth term of the  
     Series is...... 
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A. 𝑆𝑛 =
𝑛

2
(3𝑛 − 7)             D.    𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

B. 𝑆𝑛 =
𝑛

2
(3𝑛 − 5)             E.    𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

C. 𝑆𝑛 =
𝑛

2
(3𝑛 − 4) 

         Reason: ......................................................... 
 

 
A. 5n – 20                      D.   2n – 20 
B. 5n – 10                      E.    2n – 10 
C. 2n – 30 
 
Reason: .................................................................. 

9.  The sum of all integers between 100 and 300 which 
are divisible by 5 is ...𝑆𝑛 =

𝑛

2
(3𝑛 − 7) 

A. 8.200                               D.  7.600 
B. 8.000                               E.  7.400 
C. 7.800 
 
Reason: ........................................................ 
 

10.   PT. Angkasa Jaya in the first year produced 5,000 
units. In the second year, production was reduced 
by 80 units per year. In what year did the company 
produce 3,000 units? 
A. 24                               D.  27 
B. 25                               E.   28 
C. 26 
 
Reason: ............................................................... 
 
 

 
11.  The middle term of an arithmetic sequence is 25.  
If the difference is 4 and the 5th term is 21.  
         Then the sum of all the terms in the sequence is ... 

A. 175                                   D.   295 
B. 189                                   E.   375 
C. 275 
 
Reason: ........................................................ 
 

12. A number of candies are distributed among five 
children according to the rules of an arithmetic 
sequence. The younger the child, the more candy he 
gets. If the second child receives 11 pieces of candy 
and the fourth child 19 pieces, then the total number 
of candies is... pieces 
A. 60                               D.    75 
B. 65                               E.    80 
C. 70  
 
Reason: ................................................................. 

 
13. The sum of the first n terms of a series is 2n2-n.  
        So the 12th term of the series is... 

A. 564                                   D.   45 
B. 276                                   E.   36 
C. 48 
 
Reason: ................................................................... 
 

14. The number of terms in the geometric sequence:  
         3, 6, 12, ..., 3072 is ... 

A. 9                                 D.   12 
B. 10                               E.    13 
C. 11 

 
        Reason: ................................................................... 
 

15.   A geometric sequence has the 2nd term is 8, and 
the 5th term is 64. The 7th term of the sequence is 
... 
A. 32                                     D.   256 
B. 64                                     E.   512 
C. 128 
 
Reason: ................................................................... 
 

16. The value of the middle term of the geometric 
sequence:  
6, 3, …, 3/512  is … 

𝐴.  
1

16
𝐷.  

4

16
 

𝐵.  
2

16
𝐸.   

5

16
 

𝐶.  
3

16
 

Reason:............................................... 
 

17.   A piece of wire is cut with the first piece being 8 
cm, and the next piece 1.5 times the previous cut. 
Then the 5th piece is... cm 
A. 18                                     D.   35 
B. 24                                     E.   40,5 
C. 27,5 
 
Reason: .................................................................... 

 

18.  The sum of an infinite geometric series is 12 and the 
first term is 9. The ratio is ... 
A. 

3

4
                                     D.  −

1

2
 

B. 
1

4
                                     E.  −

3

4
 

C. 
1

3
 

 
        Reason: .................................................................. 
 

19. A  ball falls from a height of 10 m and bounces 
back 3/4 times its previous height. The total 
number of paths until the ball stops is....  m 
A. 60                                    D.   90 
B. 70                                    E.   100  
C. 80  

 

20. Given [4 8 5
6 3 1

] = [
2𝑎 𝑏 + 𝑎 5
6 3 1

].  

 
The value of  3a + b is ... 
A. 8                                    D.   14 
B. 10                                  E.   20 
C. 12 
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       Reason: ........................................................ 
 

 
       Reason: ......................................................... 

21. Given  𝐾 = [
𝑎 2 3
5 4 𝑏
8 3𝑐 11

]  and  𝐿 =

[
6 2 3
5 4 2𝑎
8 4𝑏 11

].  

 
If K = L, then c is  ... 
A. 12                                      D.   15 
B. 13                                      E.   16 
C. 14 
 
Reason: ................................................................ 
 

22. Given 𝐴 = [
1 2
3 4

] , 𝐵 = [
2 3
0 1

] , 𝐶 = [
5 2

−1 0
].  

 
Then  (A + C) – (A + B) is ... 

𝐴.   [
5 4
5 4

] 𝐷.   [
3 −1

−1 −1
] 

𝐵.   [
4 7
2 5

] 𝐸.    [
7 −1
1 −1

] 

𝐶.  [
4 0

−4 −4
] 

 
Reason: ..................................................................... 

 
 
 
 
 
 
 
 

23. Given matrix  𝑃 = [
1 3 1
2 4 5
0 7 6

], then (𝑃𝑡)𝑡 adalah 

... 

𝐴.   [
1 2 0
3 3 7
1 5 6

]                         D.   [
0 7 6
2 4 5
1 3 1

] 

𝐵.   [
1 3 1
3 3 7
1 5 6

]                         E.    [
0 7 6
2 4 5
1 3 1

] 

𝐶.   [
1 3 1
2 4 5
0 7 6

] 

 
           Reason: ................................................................. 

 

24. Given matrix 𝐴 = [
2𝑥 −5
3 𝑦

], 𝐵 = [
𝑦 2
2 4

],  and 

𝐶 = [
8 −3
5 2𝑥

].   

 
If  A + B = C,  then  x + y = ... 
A. –5                                D.   3                                          
B. –1                                E.   5 
C. 1 
 
Reason: .......................................................... 
 

25. If  𝐴 = [3 5] and 𝐵 = [
1 4
2 6

],  then 2AB adalah 

... 
𝐴.   [13 42]                             D.   [13 84] 
𝐵.   [26 84]                             E.    [30 36] 
𝐶.   [26 42] 

 
 Reason: ................................................................... 

 
 

26. If  [ 1 −3
−2 4

], 𝐵 = [
−2 0
1 3

], and 𝐶 = [
3 −1
1 −2

] 

 
then  A(B – C) = ... 
 

𝐴.   [
−5 −14
10 18

]                       D.    [ 1 −2
−2 2

] 

𝐵.   [
−5 −4
10 6

]                          E.    [−7 19
−2 20

] 

𝐶.   [
1 −16

−2 22
] 

       Reason: .......................................................... 

27.  Matrix X  that satisfies  [1 2
3 4

] 𝑋 = [
4 3
2 1

]  is ... 

𝐴.    [
−6 −5
5 4

]                       D.    [ 4 −2
−3 1

] 

𝐵.    [
5 −6
4 5

]                          E.   [ 4 −2
−3 1

] 

𝐶.    [
−6 −5
4 5

] 

Reason: ............................................................ 

28. If  matrix 𝐴 = [
3 −𝑥
6 8

] is singular matrix.  

Value of x that satisfies is …. 
 
A.  – 5                                D.   3 
B. – 4                                 E.   4 
C. – 3 

 
       Reason: ........................................................... 

 

29. Given matrix A = [
0 2 3

−2 0 4
−3 −4 0

], then matrix 

determinant  A is ... 
A. 0                                      D.   2 
B. 1                                      E.   4 
C. 2 
 
Reason: ................................................................ 

 

30. Transpose matrix P adalah PT. If 𝑃 = [
4 7
3 5

] then 

matrix (PT) – 1 is  ... 

𝐴.    [
−5 7
3 −2

] 𝐷.   [
−3 5
4 −7

] 

𝐵.   [
3 −4

−5 7
] 𝐸.   [

4 −3
−7 5

] 

𝐶.   [
−5 3
7 −4

] 

Reason: ................................................................... 
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31. Given 𝐴 = [
4 3
2 2

] and 𝐵 = [
5 2
3 1

].  

Inverse matrix AB adalah (AB) – 1 = ... 

𝐴.   
1

2
[
−6 11
16 −29

] 𝐷.  −
1

2
[

6 11
16 29

] 

𝐵.   
1

2
[
29 11
16 6

] 𝐸.   −
1

2
[
−6 11
16 −29

] 

𝐶.  −
1

2
[
29 11
16 6

] 

Reason: ............................................................... 
 

32. The roots of the quadratic equation  3 dan – 4 are ... 
𝐴.   𝑥2 + 𝑥 − 12 = 0 
𝐵.   𝑥2 − 𝑥 − 12 = 0 
𝐶.   𝑥2 − 𝑥 + 12 = 0 
𝐷.   𝑥2 − 3𝑥 + 4 = 0 
𝐸.   𝑥2 − 4𝑥 + 3 = 0 
 
Reason: ..................................................................... 

33. The roots of the quadratic equation5𝑥2 + 4𝑥 −
12 = 0 are … 
𝐴.  − 2 dan 

5

6
𝐷.   − 2 dan −

6

5
 

𝐵.   2 dan −
5

6
𝐸.   − 2 dan 

6

5
 

𝐶.   2 dan 
6

5
 

 
Reason: ................................................................. 
 
 

34. The roots of the equation𝑥2 − 2𝑥 − 3 = 0 are 𝑥1 
and 𝑥2.  If 𝑥1 > 𝑥2, then  𝑥1 − 𝑥2 is  … 
𝐴.   − 4                                        D.  2 
𝐵.   − 2                                        E.  4 
𝐶.   0 

 
       Reason: .......................................................... 

35. The roots of the quadratic equation2𝑥2 − 3𝑥 −
9 = 0 are  𝑥1 dan 𝑥2.  Value of  𝑥1

2 + 𝑥2
2  is  … 

 
𝐴.   11

1

4
                                       D.  −6

3

4
 

𝐵.   6
3

4
𝐸.  − 11

1

4
 

𝐶.   2
1

4
 

 
Reason: .............................................................. 
 

36. The roots of the quadratic equation:  
𝑥2 + 2𝑥 + 3 = 0 are α dan β. The quadratic 
equation(α – 2) dan (β – 2) is  … 
a. 𝑥2 + 6𝑥 + 5 = 0 
b. 𝑥2 + 6𝑥 + 7 = 0 
c. 𝑥2 + 6𝑥 + 11 = 0 
d. 𝑥2 − 2𝑥 + 3 = 0 
e. 𝑥2 + 2𝑥 + 11 = 0 
 
Reason: ......................................................... 
 

37.  A quadratic function that has a minimum value 2  
for  x = 1 and has a value of 3 for x = 2 is … 
A. 𝑦 = 𝑥2 − 2𝑥 + 1 
B. 𝑦 = 𝑥2 − 2𝑥 + 3 
C. 𝑦 = 𝑥2 + 2𝑥 − 1 
D. 𝑦 = 𝑥2 + 2𝑥 + 1 
E. 𝑦 = 𝑥2 + 2𝑥 + 3 
 
Reason: ............................................................. 
 

 

38. The figure  below is a graph of the quadratic 
equation ? … 
𝐴.   𝑦 = 𝑥2 + 2𝑥 + 3 
𝐵.   𝑦 = 𝑥2 − 2𝑥 − 3 
𝐶.   𝑦 = −𝑥2 + 2𝑥 − 3 
𝐷.   𝑦 = −𝑥2 − 2𝑥 + 3 
𝐸.   𝑦 = −𝑥2 + 2𝑥 + 3 

 
       Reason: ......................... 

39.  If f is a quadratic function whose graph passes 
through the points (1,0), (4,0) and (0, –4) then the 
value of f(7) is … 
A.  – 16                                    D.  – 19 
B. – 17                                     E.   – 20 
C. – 18 
 
Reason: ...................................................... 
 

40. The graph equation of a quadratic function has an 
extreme point  (–1, 4) and through (0, 3) is  … 

𝐴.   𝑦 = −𝑥2 + 2𝑥 − 3𝐷.   𝑦 = −𝑥2 − 2𝑥 − 5 
𝐵.   𝑦 = −𝑥2 + 2𝑥 + 3𝐸.   𝑦 = −𝑥2 − 2𝑥 + 5 

𝐶.   𝑦 = −𝑥2 − 2𝑥 + 3 
 
Reason: .............................................................. 
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 The Development of an Assessment Instrument Using 
Polytomous Response in Mathematics 

 

Abstract: This research is a development research aimed at developing a good mathematical 

test instrument using polytomous responses according to classical and modern theories in 

vocational schools. This research design uses the Plomp model, which consists of five stages, 

namely: (1) preliminary investigation, (2) design, (3) realization/construction, (4) revision, 

and (5) implementation (testing). The study was conducted in three vocational schools in 

Lampung, Indonesia. The study involved 413 students, consisting of 191 male and 222 

female students. The data was collected through questionnaire and test. The questionnaire 

was to identify instruments commonly used by teachers and to validate them by experts of 

mathematics and educational evaluation. The test used the open polytomous response test as 

many as 40 items. The data was analyzed using both classical and modern theories. The 

results show that the open polytomous response test has a good category according to 

classical and modern theory, it  can provide information on the actual competence of 

students; this is observed from the students' arguments when giving reasons for their choices. 

Therefore, the open polytomous response test can be used as an alternative to learning 

assessment.  

Keywords:  assessment instrument, classical and modern theory, vocational school,  

                     the polytomous responses 

 

Introduction 

Assessment is an important activity and needs to be done by teachers in schools. The 

conventional paradigm often interprets assessment as a way to find out the achievement of 

student learning outcomes as a whole, so that the assessment is positioned as a separate 

activity from the learning process (Syaifuddin, 2020). Referring to the current paradigm, 

assessment in schools is divided into three types: assessment as learning, assessment for 

learning, and assessment of learning (Wulan, 2018). These three types of assessments aim to 

Attachments: 4th Revision_Article Sugeng Sutiarso et al.docx      Mon, Apr 11, 2022 at 9:35 PM 
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provide recognition of the achievement of student learning outcomes after the learning 

process (Earl, 2013), as shown in the following assessment pyramid (Figure 1). 

 

Figure 1. Assessement Pyramid 
 

Assessment can be used with test. A test is a tool or procedure used to find out or measure 

students' abilities in certain areas with certain rules  (Arikunto, 2012). A test consists of two 

types, namely multiple-choice and essay. A multiple-choice test is a form of assessment in 

which each item provides options, and one of the potions is the correct answer. An essay test 

is a form of assessment that requires answers in sentences or words. Each type of test has 

strengths or weaknesses compared to each other. The strength of multiple-choice test over 

essay is that multiple-choice test can be conducted for many students, are more objective, and 

the test results can be known more quickly. Unfortunately they have a weakness, namely that 

the multiple-choice test is not able to see the actual abilities of students and the answers tend 

to be guessed or tried out (Rosidin, 2017). In addition, the strength of the multiple-choice test 

has a scoring certainty compared to the essay test, namely 1 and 0 (getting a score of 1 for the 

correct answer, and a score of 0 for the wrong answer choice). Multiple-choice test with only 

two answer choices are called "dichotomous test," and multiple-choice test with more than 

two answer choices are called "polytomous test"  (Kartono, 2008). 

Until now, multiple-choice test have been widely used by teachers to assess students' 

abilities, especially those with a large number and a wide area of expertise. To reduce the 

weakness of multiple-choice test, in the last four decades, experts have developed multiple-

choice test by combining multiple-choice test and essay into multiple-choice test with reasons 
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and are called the polytomous response test (Suwarto, 2012). The polytomous response test 

score is 1 - 4. Score of 4 for the correct answer and reason, score of 3 for the correct answer 

but the wrong reason, score of 2 for the wrong answer but the correct reason, and score of 1 

for the wrong answer and reason (Kartono, 2008). 

In the 1980s, the first test that was focused on and developed by experts was the closed 

polytomous response test, also known as the two-tier test (Treagust, 1988). This test consists 

of two levels: the first is choosing answers on the multiple-choice test, and the second level is 

choosing reasons based on the answer choices at the first level (Chandrasegaran et al., 2007).  

Several studies on the closed polytomous response test have been carried out, such as, test on 

mathematical ability in middle school (Hilton et al., 2013; Rovita et al., 2020), test on 

calculus material (Khiyarunnisa & Retnawati, 2018), test on higher order thinking 

mathematical skills (Sundari, et al., 2021), and test on mathematical connection material 

(Lestari et al., 2021). Although the closed polytomous response test has been widely 

developed, researchers have found weaknesses in the test, such as students' misconceptions or 

students' actual competence cannot be known in detail (Antara et al., 2019), the test 

instrument is difficult to construct (Khusnah, 2019), and student answers are still guessed 

(Myanda et al., 2020). However, there are strengths in the closed polytomous response test, 

such as the consistency of student answers errors, which is easily observed (Treagust, 1988), 

and the suitability between the student's answer choices and the reason is easy to know (Diani 

et al., 2019). 

To reduce the weakness of the closed polytomous response test, the experts modified the test 

to be the open polytomous response test. The open polytomous response test is a form of 

multiple-choice test that provides a place to write arguments for the answer choices 

(Retnawati, 2014). The studies on the open polytomous response test that have been carried 
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out are test on calculus material in universities (Yang et al., 2017) and test on mathematics 

material in senior schools (Ayanwale, 2021) and junior schools (Falani et al., 2020). These 

studies developed the open polytomous response test for students in college, and senior or 

junior school. Students in college, and senior or junior school learn mathematics as a primary 

subject, while students in vocational schools learn mathematics as a secondary subject 

(Oktaria, 2016). In addition, students in vocational schools are more oriented towards 

practical abilities and skills, in contrast to students in college or high school who are more 

academically oriented, including in Indonesia (Permendikbud, 2016). 

Currently, the Indonesian government wants vocational schools to not be left behind in 

academic subjects such as mathematics. The government's desire is to improve the way of 

assessing student learning in vocational school, and so far the assessment method used is the 

polytomus test. Often, students pay less attention during math exams for several reasons, such 

as considering mathematics as an unimportant subject (Putri et al., 2017), mathematics as a 

complicated subject (Vani et al., 2019), and mathematics as a boring subject (Ikmawati, 

2020).  This reason causes students to tend to answer the test by guessing. Therefore, to avoid 

these student tendencies, it is necessary to develop a polytomus response test (closed or 

open). Taking into account the disadvantages of the closed polytomous response test, it is 

reasonable to conduct research by developing the open polytomous response test for students 

in vocational schools. 

The test instrument developed must be accountable as a good test, and be necessary to 

analyze the quality of the item (Rosidin, 2017). There are two theories for analyzing item 

quality, namely classical and modern. Classical theory is a measurement theory for assessing 

test based on the assumption of measurement errors between actual results and observations, 

and from the assumption, a formula for calculating the level of difficulty and item 
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discrimination was developed (Hambleton & Jones, 1993). The modern theory is a 

measurement theory to assess students' abilities by comparing students' abilities with their 

group abilities and is known as Item Response Theory/IRT (Hambleton & Linden, 1982). 

Classical theory is widely used by teachers because it is easy to apply. However, this classical 

theory has a weakness, namely, it cannot separate the characteristics of students and items. 

The modern theory is a solution to overcome the weaknesses of the classical theory because 

in the modern theory, an item does not affect other items (local independence), items only 

measure one dimension (unidimensional) (Anisa, 2013), and an item eliminates the 

relationship between respondents and items (parameter invariance) (Saepuzaman et al., 

2021). Therefore, experts suggest that the test instrument is accountable; the quality of the 

items must be good according to the analysis of classical and modern theory (Retnawati, 

2014). 

The aim of this development research is to develop a good mathematical test instrument using 

polytomous responses according to classical and modern theories in vocational schools. The 

research problems are stated as follows:  (1) does the open polytomous response test 

developed have a good category so that it can be used as an assessment instrument in 

vocational schools based on classical and modern theory?, and (2) does the open polytomous 

response test instrument developed provide information on students' actual competence in 

vocational schools ? 

Methodology 

Research Design 

This research is a research and development that refers to Plomp’s model (Plomp, 2013), with 

the research procedure consisting of five stages, namely preliminary investigation, design, 

realization or construction, test phase, revision, and implementation (test). 
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Figure 2. Stages of Research Design 

The preliminary investigation stage is to identify the assessment instruments used by teachers 

so far. The design stage is to make the open polytomous response test grid according to the 

basic competencies of mathematical concepts and to make a quality assessment questionnaire 

sheet. The realization/construction stage is developing the items test validated by an expert 

process for the items test. The revision stage is the improvement of items on the test based on 

expert advice. The implementation (testing) stage is to try out the test on students and analyze 

the results of the test. 

 Research Subject 

The subjects of the study were students at a vocational school in the province of Lampung, 

Indonesia. The research sample was determined using a non-probability sampling technique 

in the form of accidental sampling, which means taking a subject based on a subject that is 

easy to find and ready to be a respondent (Malhotra, 2006). The selected schools were three 

schools as representatives, namely the Mitra Bhakti vocational school, the Praja Utama 

vocational school, and the Ma'arif NU vocational school. The research subjects were 413 

students in grade I (male students = 191, and female students = 222), whose mathematical 

abilities on the National Exam (NE) were categorized as moderate (average 64.67 out of the 

ideal score of 100). The following are the characteristics of the research subjects in detail 

shown in Table 1. 

 

 

Realization/construction Design Preliminary investigation 

Implementation (Test) Revision 
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Table 1. Research Subjects 

Vocational Schools Grade 
The Number of Students 

Average of NE 
Total Male  Female 

Mitra Bhakti 
I-A 13 5 8 64.24 
I-B 23 10 13 62.4 
I-C 29 9 20 65 

Praja Utama 

I-A 40 40 0 64 
I-B 39 39 0 64.62 
I-C 43 15 28 68.72 
I-D 38 15 23 67.9 
I-E 41 14 27 67.56 
I-F 40 17 23 63.38 
I-G 40 8 23 67.74 

Ma’arif NU 
I-A 31 14 17 62.1 
I-B 36 5 51 58.34 

Total 413 191 222  64.67 

 

Data Collection Techniques 

Data was collected using a questionnaire and a test. The questionnaire contains several 

questions to the teacher about the instrument for assessment used by the teacher and also 

expert validity of the instrument developed to determine content validity  (Suhaini et al., 

2021). The instrument was validated by two people who have expertise in mathematics and 

educational evaluation. The three aspects assessed by the expert were the suitability of the 

items with the indicators, language, and alternative answers to the questions. The score 

validating the instrument follows the criteria as in Table 2 below. 

Table 2. Content Validity Score 

Description Score 
Irrelevant 1 

Quite relevant 2 
Relevant 3 

Very relevant 4 
 

After determining content validity, the instrument was tested on students. Then, it was 

continued by determining the validity of the construct and its reliability. It was aimed to 

ensure that the instrument could be further analyzed. 

The instrument used was the open polytomous response test, which consisted of 40 questions 

on the concepts of sequences and series (arithmetic and geometry), quadratic equations and 
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functions, and matrices. Each item contained five answer choices along with the reasons. 

Student scores refered to the polytomous score in the Partial Credit Model, where answer 

choices and reasons were related  (Retnawati, 2014), as shown in Table 3 below. 

Table 3.  Scores for Student Answers 
Student Answers 

Score 
Answer Options Reason 

False False 1 
False Right 2 
Right False 3 
Right Right 4 

 

Data Analysis 

The collected research data was analyzed in two stages: (1) questionnaire data analysis 

(qualitative analysis) and (2) test data analysis (empirical analysis).The following is an 

explanation of each data analysis: 

1. Questionnaire data analysis (qualitative analysis) 

There are two sets of questionnaire data, namely: identification of assessment instruments in 

schools and expert assessment of the assessment instruments developed. The results of the 

two questionnaires were analyzed descriptively. Specifically for expert judgment, it was 

continued with an analysis of expert agreement that used the Gregory index formula 

(Gregory, 2015), namely: 

         V = 
𝐷

𝐴+𝐵+𝐶+𝐷
 

Description: 
   V = Content Validity 
   A = Rater 1 and 2 are weak 
   B = Rater 1 is strong, and rater 2 is weak 
   C = Rater 1 is weak, and rater 2 is strong 
   D = Rater 1 and 2 are strong 
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The interpretation of Gregory's formula is that the number V is in the range of 0 to 1. The 

higher the number V (close to 1 or equal to 1), the higher the value of the validity of an item. 

Conversely, the lower the number V (close to 0 or equal to 0), the lower the validity of an 

item. 

2. Test data analysis (empirical analysis) 

After the content validity test, it was followed by the construct validity and reliability test. 

The construct validation test used exploratory factor analysis. The instrument is considered to 

have a good construct if the explained Kaiser-Meyer-Olkin (KMO) value is greater than 0.5 

(Retnawati, 2014). Reliability test using Cronbach's alpha formula The instrument is said to 

have good reliability if the coefficient value of Cronbach's Alpha is 0.60 (Arikunto, 2012). If 

the instrument has good construct validation, further test can be analyzed, namely the level of 

difficulty and item discrimination. The reason for analyzing the level of difficulty and item 

discrimination is that they are both preliminary analyses of the assumptions of measurement 

theory (Hambleton & Jones, 1993). To simplify the process of analyzing the level of 

difficulty and item discrimination, the Iteman program was used for classical theory and the 

Winsteps program for modern theory (Sarea & Ruslan, 2019). The Winsteps program was 

used because it had several advantages; namely, it can analyze polytomous data and calculate 

the maximum likelihood model using a 1-parameter logistic model (Untary et al., 2020). 

2.1  Analysis of test data with classical theory 

a. The item difficulty level is the percentage of the number of students who answered 

correctly or incorrectly. If the item has an index of 0.3-0.7, then the item is good; if 

the item has an index below 0.3, then the item is difficult; and if the item has an index 

above 0.7, then the item is easy. 
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b. Discrimination is the ability of a test to distinguish between high-ability students and 

low-ability students. Discrimination is said to be good if it has an index above 0.3, 

and if the discrimination index is below 0.3, then the question needs to be revised 

(Arikunto, 2012). 

2.2  Analysis of test data with modern theory 

a. The item difficulty level is the level of the student's latent trait towards the item. The 

difficulty of the items determines the ability of about 50% of the respondents who are 

expected to answer items correctly (DeMars, 2010). An item is said to be good if it 

has an index of between -2 and +2 (Hambleton & Swaminathan, 1985). If the index is 

close to -2, then the item is classified as very easy, and if the index is close to +2, the 

item is classified as very difficult (Retnawati, 2014). In the Winsteps program, the 

item difficulty level is in the Measure column. 

b. Item discrimination is indicated by the slope of the curve on the item characteristics. 

The item is said to have good discrimination if the slope of the curve is moderate (not 

too gentle or steep), because if the slope of the curve is too gentle or steep, then the 

item is not good. Another opinion states that a good index is above 0.4 (Crocker & 

Algina, 1986). In the Winsteps program, the item discrimination is in the Pt-Measure 

Corr column. 

According to modern theory, before analyzing the item difficulty level and discrimination, 

three assumptions must be tested, namely unidimensionality, local independence, and model 

fit (Hambleton et al., 1991). Unidimensional means that each test item only measures one 

ability. There are three ways that are often used to test unidimensionality, namely the analysis 

of the Eigenvalue of the correlation matrix between items, the Stout-test on the 

unidimensional assumption test, and the index based on the residuals of the unidimensional 
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solution (DeMars, 2010). In this study, the dimensional test used the Eigenvalue analysis of 

the correlation matrix between items. 

Local independence is the state of the respondent's answer to an item that is not influenced by 

other items. Local independence test by proving that the probability of the respondent's 

answer pattern is the same as the probability of the respondent's answer to each item. If the 

unidimensional assumption is accepted, the local independence assumption will also be 

accepted (DeMars, 2010). Use the Model Fit Test to find out whether the model used is in 

accordance with the items. Test the fit of the model by measuring the outfit mean square 

(MNSQ) and PT-Measure. If the outfit MNSQ value is 0.5 to 1.5 and the Pt-Measure Corr is 

positive, it is said that the item fits the model (Linacre, 2012). In addition, the information 

function and standard error measurement (SEM) are analyzed, which aims to further explain 

the latent ability as measured by using a test that is expressed through item donations. 

Findings/Results 

Analysis of Questionnaire Data 

Based on the results of the questionnaire, it was found that so far, the teacher had never used 

the polytomous response. As many as 80% of teachers used essay test and 20% of teachers 

used multiple-choice test, with each instrument consisting of 2-5 items. In addition, about 

10% of teachers used this assessment as a means for learning improvement, such as 

improving lesson plans and teaching methods. The results of the questionnaire stated that 

90% of teachers who did not use assessment as an improvement in learning were caused by 

several aspects, such as: teachers did not understand assessment (20%), teachers did not 

know how to analyze assessments (50%), and teachers did not know how to develop good 

assessment questions (30%). The following is the summary of the questionnaire from the 

identification data. 
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Figure 3. Description of Teacher Conditions in Assessment 

Content Validity 

The results of the two expert assessments showed that the content validation instrument is 

good. Furthermore, the analysis of expert judgment agreement was obtained as shown in 

Table 4 below. 

Table 4. The Gregory Item Index 
 Rater 1 

weak strong 

Rater 2 
weak 0 0 
strong 0 40 

Index Gregory 1 
 

Based on the results of the assessment in Table 4, it can be concluded that the instrument is 

valid because the value of V reaches a value of 1. Therefore, the instrument test can be 

continued. In addition to providing assessments, the experts also provided some suggestions 

for improvements to the instrument, namely the preparation of questions using the ABCD 

format (Audience, Behavior, Competence, and Degree), avoiding the use of ambiguous 

language or statements, improving mathematical concepts, making alternative answer choices 

that are misleading, and arranging them in order. 

 

 

80%

20%
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revised

not revised

20%
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Analysis of  Test Data 

Construct Validity 

After testing the instrument, it was followed by a construct validity test. The results of the test 

with exploratory factor analysis are shown in Table 5. 

Table 5. Exploratory Factor Analysis 
KMO and Bartlett's Test Score 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
Bartlett's Test of Sphericity Approx. Chi-Square 1936.378 

Df 780 
Sig. .000 

 

Based on Table 5, the explained KMO value is 0.76 (more than 0.5), and it can be concluded 

that the variables and samples used to allow for further analysis. 

 
 Reliability 

The results of the estimation of the reliability of the instrument obtained a Cronbach's Alpha 

coefficient value is 0.89 (more than 0.6). It means that the instrument has good reliability so 

that the analysis of the level of difficulty and item discrimination can be continued according 

to classical and modern methods. 

Table 6. Reliability of Items 
Cronbach’s Alpha N of Items 

0.892 40 
 

Analysis of Test Data with Classical Theory 

Analysis of test data in the classical way did not require testing assumptions, but the analysis 

of the difficulty level of the items and the distinguishing power of items cauld be directly 

calculated if the validity and reliability have been met. The results of the two analyses are 

presented in Table 7 below. 

Table 7. The Item Difficulty Level and Discrimination 
Item Difficulty 

Level 
Category Discrimination Category Item Difficulty 

Level 
Category Discrimination Category 

1 0.538 good 0.196 Revised 21 0.482 good 0.143 revised 
2 0.487 good 0.179 Revised 22 0.535 good 0.429 good 
3 0.528 good 0.214 Revised 23 0.492 good 0.250 revised 
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4 0.540 good 0.304 Good 24 0.438 good -0.071 revised 
5 0.489 good 0.089 Revised 25 0.436 good -0.107 revised 
6 0.446 good -0.161 Revised 26 0.385 good -0.286 revised 
7 0.438 good -0.232 Revised 27 0.383 good -0.321 revised 
8 0.453 good -0.143 Revised 28 0.416 good -0.143 revised 
9 0.414 good -0.143 Revised 29 0.458 good -0.125 revised 

10 0.409 good -0.339 Revised 30 0.385 good -0.375 revised 
11 0.438 good -0.143 Revised 31 0.404 good -0.321 revised 
12 0.436 good -0.036 Revised 32 0.433 good -0.250 revised 
13 0.400 good -0.321 Revised 33 0.441 good 0,036 revised 
14 0.450 good -0.036 Revised 34 0.424 good -0.268 revised 
15 0.462 good 0.250 Revised 35 0.412 good -0.321 revised 
16 0.453 good -0.089 Revised 36 0.431 good -0.304 revised 
17 0.416 good -0.143 Revised 37 0.404 good -0.232 revised 
18 0.419 good -0.196 Revised 38 0.363 good -0.482 revised 
19 0.431 good -0.232 Revised 39 0.230 good -0.929 revised 
20 0.441 good -0.089 Revised 40 0.211 good -1.071 revised 

 

Based on Table 7, it was found that all items have an item difficulty level in the index range 

of 0.3 to 0.7, so they are included in the good category. Meanwhile, only two items on 

discrimination had good categories, and the remaining items needed to be revised. The results 

indicated that all items were good based on the level of difficulty, but almost all items needed 

to be revised for item discrimination. 

 
 Analysis of  Test Data with Modern Theory 

The Unidimensional Assumption Test 

The unidimensional assumption test is the first assumption test with factor analysis. Factor 

analysis begins by testing the adequacy of the sample to be used in the analysis, constructing 

a variance-covariance matrix, and then calculating the Eigenvalue. The Eigenvalue was then 

used to calculate the percentage of explained variance, as well as to describe the scree plot 

(Retnawati, 2014). The output of factor analysis was the Kaiser-Meyer-Olkin Measure of 

Sampling Adequacy (KMO) statistic and scree plot. 

Table 8. The KMO Test 

KMO Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
 Sig. .000 

 

The unidimensional test is seen based on the cumulative percentage of Eigenvalue and scree 

plot analysis results. If the cumulative percentage of the first factor Eigenvalue is greater than 
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20%, then the unidimensional assumption is fulfilled  (Retnawati, 2014). In Table 9, it can be 

seen that the cumulative percentage of the first factor Eigenvalue is 20.220%. Because the 

Eigenvalue is more than 20%, this instrument is proven to only measure one factor or 

dimension. 

Table 9. Total Variance Explained 

Component 
Initial Eigenvalue 

Total Variance (%) Cumulative (%) 
1 8.088 20.220 20.220 
2 1.458 3.646 23.865 

 

In addition, the unidimensional test can also be seen on the scree plot, which is based on the 

number of factors marked by the steepness of the graph with the acquisition of Eigenvalue. 

 

Figure 4. Scree Plot Unidimensional 

Based on the scree plot, it is known that the Eigenvalue immediately slope on the second 

factor. It demonstrates that the developed instrument has only one dominant factor.The 

results prove that the test kit meets the unidimensional assumption, or in other words, only 

measures one dominant factor. 

Local Independence Assumption Test 

The local independence assumption test will be fulfilled if the student's answer to one item 

does not affect the student's answer to another item. Thus, the score of one item should not be 
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determined or dependent on the scores of other items. This confirms that this assumption 

automatically proves that students' answers do not affect answers to other items  (Retnawati, 

2014). 

Table 10. The Covariance Matrix. 
 K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 

K1 0.0486                

K2 0.012 0.0042               

K3 0.0105 0.0034 0.0032              

K4 0.0317 0.0106 0.0093 0.0293             

K5 0.01 0.0032 0.0029 0.0085 0.0028           

K6 0.0069 0.0023 0.0021 0.0062 0.002 0.0016         

K7 0.0036 0.0011 0.0009 0.0028 0.0009 0.0007 0.0004       

K8 0.0041 0.0015 0.0012 0.0037 0.0011 0.0008 0.0004 0.0006     

K9 0.0074 0.0024 0.0022 0.0065 0.002 0.0015 0.0007 0.0009 0.0017   
K10 0.021 0.0061 0.0054 0.0148 0.0051 0.0039 0.0017 0.0025 0.0043 0.0196 

 

Table 10 shows the results of the variance-covariance values between groups of students' 

abilities. In the table, it can be seen that the covariance value between the ability interval 

groups located on the diagonal is small and close to zero. This result shows that there is no 

correlation, so it can be said that the local independence assumption test is accepted. 

Model Fit 

The model fit test was analyzed using the Winsteps program. The item requirements are 

called "fit to the model." If the Outfit MNSQ value is 0.5 to 1.5 and the Outfit ZSTD value is 

-2 to 2, and the Pt-Measure Corr is positive, then it can be said that the item fits the model  

(Sumintono & Widhiarso, 2015). An item is considered fit if one of the conditions is 

accepted. In addition, it can also be seen from the MNSQ infit of 0.77 to 1.3, but at this stage, 

the fit of the model is only taken on the MNSQ and Pt-Measure outfit values. Based on the 

results of the analysis, all items matched the model or fit (Figure 5). 
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Figure 5. Item Fit on Model 

 
The Item Difficulty Level 

The item difficulty level was analyzed using the Winsteps program, and the results obtained 

was be presented in Table 12 (Measure column). The item difficulty level is in the range of -

0.70 to 0.84. From Table 12, the highest difficulty level is item 40 (difficulty level 0.84), and 

the lowest difficulty level is item 1 (difficulty level -0.70). Since the difficulty level is in the 

range of 2 and 2, it can be concluded that all items are in the good category. If further divided 

into three categories, the difficulty level of items in the range of -0.7 to 0.84 is moderate 

(Sumintono & Widhiarso, 2015). It can also be seen on the difficult map items, namely that 

the difficulty level is in the range of -2 and 2. 
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Figure 6. Item Difficulty Level 

 

 

Figure 7. Item Difficulty Map 
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The Item Discrimination 

The item discrimination analysis used the Winsteps program, and the results are presented in 

Figure 8 (column PT-Measure Corr). Item discrimination is in the range of 0.23 to 0.74, with 

details of 27 items having an index above 0.4 (good category), and 13 items having an index 

below 0.4 (bad category). However, the 13 items can be used as an instrument as long as the 

index is above 0  (Alagumalai et al., 2005). 

 
Figure 8. Item Discrimination 

 
Comparative Analysis Between Classical and Modern Theory 

The results of the analysis of classical and modern theories obtained the index of difficulty 

level and item discrimination as follows. 
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Table 11. Comparison of Classical and Modern Theories 

Parameter 
Classical Theory Modern Theory 

Many Items with 
Good Categories 

Percentage Many Items with 
Good Categories 

Percentage 

Difficulty level 40 100 40 100 
Item discrimination 2 0.05 27 67.5 

 
Based on Table 11, the level of item difficulty analyzed by classical and modern theory has 

the same results (good category). However, item discrimination using modern theory has 

more items in the good category than using classical theory. If we compare the index of 

discriminatory items between classical (Table 7) and modern (Figures 6 and 8), it can be seen 

that there is a match between the categories of item discrimination. It means that if item 

discrimination is not good with the classical theory, then item discrimination is also not good 

with the modern theory (13 items correspond to the item discrimination index, and 27 do not 

match). 

Information and Measurement Error (SEM) Function  

The function of information to reveal latent ability was measured by using a test that was 

expressed through item donation. The test information function is also the sum of the 

functions of each item. The information function is inversely proportional to measurement 

error, or standard error measurement (SEM). The value of the information function of the test 

device will be high if the items that make up the test have a high information function. The 

following is a picture of the curve of the relationship between the information function and 

SEM. 

 

Figure 9. Graph of Information Function and Measurement Error 
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Figure 9 shows that this instrument provides information of 22.36 (maximum) and has a 

measurement error of 0.21 (smallest) for medium-ability students. The lower and upper limits 

of the interval are the ability scores where the graph of the information function and the SEM 

graph intersect at that interval. This graph states that the greater the value of the information 

function, the smaller the measurement error (SEM), and the item information function 

expresses the strength or contribution of the test items in revealing the latent trait as measured 

by the test. This information function provides a description of the item according to the 

model (which helps with item selection)  (Retnawati, 2014). These results conclude that this 

test instrument is suitable for students with medium abilities. 

Based on the test results, it can also be seen that the actual competency information of 

students in vocational school based on the test answers. Instrument analysis is based on two 

patterns of student answers that have the same tendency based on Bloom's Taxonomy 

(Bloom, 1956). A total of six student answers were selected as samples with different abilities 

(high, medium, and low). 

Item 1: The cognitive domain to be achieved is C2 (Understanding). Based on students' 

answers, the two dominant patterns of student answers are: (1) students have understood the 

general form of arithmetic sequences and know the first term and other terms, and (2) 

students have not been able to formulate general forms in arithmetic sequences and perform 

algebraic operations on general forms arithmetic sequence. 

 Question 1: Pattern 1: Pattern 2: 

 

  

Figure 10. An Example of Student Answers in Item 1 
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Item 2: The cognitive domain to be achieved is C2 (understanding). Based on students' 

answers, the two dominant patterns of student answers are (1) being able to understand the 

number of terms in a sequence by using the general formula for an arithmetic sequence, or 

determining the number of arithmetic sequences without using a general formula (only 

writing down all the terms from the first term until the last term), and (2) students who can 

already use the general formula for arithmetic sequences but have not been able to determine 

the number of arithmetic sequences because of errors in performing algebraic operations on 

general arithmetic sequences. 

Question 2: Pattern 1 Pattern 2 

 
  

Figure 11. An Example of Student Answers in Item 2 

Item 3: The cognitive domain to be achieved is C3 (applying). Based on students' answers, 

the two dominant patterns of student answers are: (1) students have understood and 

determined the difference between two non-adjacent arithmetic sequences using the general 

formula for arithmetic sequences, and (2) other students can determine the number of 

arithmetic sequences even though they are not using a general formula or by writing the 

terms of the known terms and inserting several terms. 

Question 3: Pattern 1 Pattern 2 

 
 

 
 

Figure 12. An Example of Student Answers in Item 3 
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Item 4: The cognitive domain to be achieved is C3 (applying). Based on students' answers, 

the two dominant patterns of student answers are: (1) students have understood and can 

determine the nth term in an arithmetic sequence that is known to be two non-adjacent terms 

using the general formula for arithmetic sequences, and (2) students cannot determine the 

number of arithmetic sequences because it does not use a general formula but by writing the 

terms of the known terms and inserting several terms and continuing until the nth term. 

Question  4: Pattern 1 Pattern 2 

 
  

Figure 13. An Example of Student Answers in Item 4 

Item 5: The cognitive domain to be achieved is C1 (remembering). Based on students' 

answers, the two dominant patterns of student answers are: (1) students have understood and 

determined the middle term of an arithmetic sequence, and (2) students can determine the 

middle term of an arithmetic sequence but do not use general formulas, but rather by writing 

the terms from known terms and inserting several terms and then defining them. 

Question 5: Answer Pattern 1 Answer Pattern 2 

 
 

 

Figure 14. An Example of Student Answers in Item 5 
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Description of Instrument Development and Student Ability 

The instrument developed from this research is the open polytomous response test, and all 

parameters have been accepted. This instrument is a combination of a multiple-choice test 

and an essay. Multiple choice test are easier to check students' answers, but their 

mathematical thinking processes cannot be known in depth. While the essay test has the 

advantage of being able to find deeper mathematical thinking processes, it takes a long time 

to check the answers. 

Analysis of learning instruments is an important source of composite scores in the final 

report. In the final report, the student's ability score was first changed to a score of 0–10 

(previously 0–100). The conversion is done through a linear transformation by dividing the 

student's score by the ideal score, then the result is multiplied by 10 to get a value range of 0–

10, or multiplied by 100 to get a value range of 0–100. In the range of 0–10, the scores of 

students' mathematical ability were 8, 56 (highest) and 4.31 (lowest), or in the range of 0–

100, students' math ability scores were 85.6 (highest) and 43.1 (lowest). 

The results of the analysis of student abilities are presented in the form of predicates ranging 

from very low to very high according to the specified category. The results of this analysis 

show that most students have very low to medium abilities, as much as 62% (253 students), 

and the remaining 38% (160 students) have high and very high abilities. Other analysis 

results found that high and very high-ability students tend to work according to concepts with 

more creative completion steps (different from the teacher's example), but students who have 

very low to medium abilities can solve problems according to concepts with less creative 

completion steps (e.g., routine or according to the teacher's example). 

Other results show that the assessment with an open response polytomus makes it easier for 

teachers to explore students' difficulties with a material. Then, from this exploration, the 
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teacher can continue with improvements for students who have learning difficulties. An 

important finding of this study is that information about students' learning difficulties through 

the open polytomus response test is more secondhand and complete than other assessment 

instruments, such as multiple choice test (Gierl et al., 2017) or essay test (Putri et al., 2020). 

Discussion 

This research is a development research aimed at developing a good mathematical assessment 

instrument using polytomic responses according to classical and modern theories. The results 

of the data analysis found that there were differences in the results of the analysis between 

classical theory and modern theory, namely on item discrimination. Classical theory analysis 

obtained 38 items with bad criteria and only 2 items with good criteria. In contrast, modern 

theory analysis obtained 27 items with good criteria and 13 items with bad criteria. 

According to evaluation theory, modern theory aims to cover the weaknesses of classical 

theory. The results of classical theory analysis are often categorized as poor, but modern 

analysis results are categorized as good, and vice versa (Retnawati, 2014). That is, an item 

that is not in a good category with classical theory should be analyzed according to modern 

theory before revising or replacing the item. 

Research on learning assessment with open response politomus was carried out by Yang et al. 

(2017). This research aims to diagnose student errors in completing calculus material at 

university. The instrument compares two types of test, namely the two-tier test and the open 

polytomous response test. The research findings suggest that the open polytomous response 

test provides more detailed information on student error than the two-level test (see Figure 

15). The research findings are in line with the results of this study, which states that the open 

polytomous response test provides more detailed information about students' abilities.  
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Figure 15. An Example of Student Answers on The Two-Tier Test and 

Another study on learning assessment with open response polytomus was conducted by 

Ayanwale (2021). Ayanwale's research compares two polytomous response test analysis 

methods, namely the Parallel and Partial Credit Model. The results of his research stated that 

the Partial Credit Model analysis had a first factor Eigenvalue of 20.5% (ideal Eigenvalue of 

more than 20%) compared to the Parallel analysis, which had the first factor Eigenvalue of 

11.7%. The results of Ayanwale's research are in line with this study, which obtained the first 

factor Eigenvalue of 20.220%, and the author can state that the instrument developed is 

suitable to be used to assess vocational students in Indonesia, maybe even outside Indonesia.  

There are other studies related to classical and modern theory, namely Sarea (2018) and 

Saepuzaman et al.  (2021). Sarea's research states that the response polytomus test has good 

criteria (classical and modern theory), and the classical theory analysis has more items than 

modern theory. Meanwhile, Saepuzaman's research found that the response polytomus test 

had good criteria (classical and modern theory), and the modern theory analysis had more 

items than classical theory. 

The results of the analysis of student answers obtained information that there were two 

patterns of students' solving questions: (1) formulas, and (2) trial and error. Students who use 

formula patterns in solving problems tend to be carried out by high-ability students, and 



27 
 

students who use trial and error patterns tend to be carried out by students with medium and 

low abilities. Students who use both patterns can answer the questions correctly as shown in 

Figure 16 below.   

 
 

(i) 
 

(ii) 

Figure 16. An Example of Student Answer Patterns with (i) Formulas, (ii) Trial and Error 

Both patterns of solving math problems are common ways. This is in line with the opinion of 

Mason et al. (2010) that there are several ways that can be used in solving math problems, 

namely trial and error, use a drawing or model, analogy, and formula. Syahlan (2017) states 

that two ways that students often use to solve math problems are (1) trial and error and (2) 

formulas. Usually, students use trial and error methods to solve easy problems and formulas 

methods to solve difficult questions. If combined with student answers and Syahlan's opinion, 

students with medium and low abilities in solving easy questions will use trial and error 

methods, and students with high abilities in solving difficult questions will use formulas. 

The results of these student answers can be important information for teachers in teaching 

mathematics. This means that before teaching a material, the teacher must know the students' 

initial abilities (high, medium, or low) and the level of difficulty of the material. Some of the 

benefits for teachers who know students' initial abilities are: teachers can develop 

professionally centered on students  (Gonzalez, 2018), teachers can adjust the level of 

cognitive and increase student learning engagement (Dong et al., 2020), assist teachers in 

designing pedagogical practices and correcting students' misconceptions (Geofrey, 2021). In 

addition, the benefit for teachers who know the level of difficulty of a material is that they 

can design remedial learning plans (Muhson et al., 2017; Wulanningtyas et al., 2020).  The 
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description above shows that there are many benefits that the teacher will get if the teacher 

knows the students' actual abilities, and this can be known by the teacher if the teacher uses 

the open polytomus response test.  

Conclusion 

Based on the results of the research and discussion, conclusions are obtained: (1) the open 

polytomous response test has a good category according to classical and modern theory. So,  

the test instrument requirements are accountable (qualifies for a good test) is a good test 

instrument according to the analysis of the two theories (classical and modern theory), and 

(2) the open polytomous response test can provide information on the actual competence of 

students; this is observed in the students' arguments in giving reasons for their choices. This 

is observed in the students' arguments when giving reasons for their choices. Therefore, the 

open polytomous response test can be used as an alternative to learning assessment. 

Recommendation 

Based on the research results, there are several recommendations for teachers, schools, and 

other researchers. For teachers, they should familiarize students with giving a test in the form 

of a polytomous response before giving the test. In schools, principals or other leaders should 

encourage other teachers to take advantage of this test and develop other assessment 

instruments. For other researchers, they should conduct research by developing instruments 

with other polytomous responses (assessment of learning and assessment as learning) on 

other materials. In addition, for further research, conduct a study that develops an assessment 

instrument with a learning response polytomous (pretest). This is important so that students' 

prior knowledge can be known and learning can be effective. 
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Limitations 

The research carried out has several limitations. Firstly, the selected schools have not met the 

researchers' expectations, for example, representing schools of high, medium, and low 

quality. In addition, during the collection of research data that begins with learning, it is not 

fully controlled by the researcher, so the students who are the research samples are less 

conditioned. The research is only limited to algebraic materials (sequences and series, 

matrices, equations, and quadratic functions), and does not represent other mathematical 

materials, such as geometry and statistics. 
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Appendix 
 

Instrument of the Open Polytomous Response Test 
 

 
Name of  Student  : ………………………………. 
Class/Department : ………………………………. 
School    : ………………………………. 
 
Instructions :  Mark (x) one of the correct answer choices, and give the reason   
                         (use another piece of paper to write down your reason) 
 
 

1. Given an arithmetic sequence: 3, 8, 13, 18, ....  
The formula for the nth term of the sequence is .... 
A. Un = 5n – 3                C.    Un = 4n – 1 
B. Un = 5n – 2                D.   Un = 3n + 2 
C. Un = 4n – 1 
 
Reason: ..................................................... 
 

2.  Given an arithmetic sequence: 2, 5, 8, 11, …, 68.  
 The number of terms in the sequence is… 

A. 12                              D.   23 
B. 13                              E.   24 
C. 22 
 
Reason: ...................................................... 

3. An arithmetic sequence, the 5th term is 31 and the 
8th term is 46. The difference between the 
sequences is... 
A. 5                                D.    8 
B. 6                                E.   11 
C. 7 
 
Reason: ...................................................... 
 

4. The 4th and 9th terms of an arithmetic sequence are 
110 and 150. The 30th terms of the arithmetic 
sequence are... 

A. 308                            D.   344 
B. 318                            E.    354 
C. 326 

          
      Reason: .............................................................. 

5. An arithmetic sequence is: 3, 8, 13, 18, …, 103.  
Then the middle term of the sequence is … 
A. 53                             D.    11   
B. 52                             E.     10 
C. 20 
D. 11 
E. 10 
 
Reason: ....................................................... 
 

6.  Given the arithmetic sequence: 4, 10, 16, 22, …. .   
     If two  numbers are inserted in every two  
      consecutive terms then the 10th term of the sequence    
     is... 

A. 18                             D.   24 
B. 20                             E.   26 
C. 22 
 
Reason: ................................................................. 

 
7.   The nth term of an arithmetic series is Un = 3n – 5.  
       The formula for the sum of the first n terms of the 
       series is ... 

A. 𝑆𝑛 =
𝑛

2
(3𝑛 − 7)             D.    𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

B. 𝑆𝑛 =
𝑛

2
(3𝑛 − 5)             E.    𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

C. 𝑆𝑛 =
𝑛

2
(3𝑛 − 4) 

         Reason: ......................................................... 
 

8.  The sum of the first n terms of an arithmetic series.  
      Sn = n2 – 19n. The formula for the nth term of the  
     Series is...... 
       

A. 5n – 20                      D.   2n – 20 
B. 5n – 10                      E.    2n – 10 
C. 2n – 30 
 
Reason: .................................................................. 

9.  The sum of all integers between 100 and 300 which 
are divisible by 5 is ...𝑆𝑛 =

𝑛

2
(3𝑛 − 7) 

A. 8.200                               D.  7.600 
B. 8.000                               E.  7.400 
C. 7.800 
 
Reason: ........................................................ 
 

10.   PT. Angkasa Jaya in the first year produced 5,000 
units. In the second year, production was reduced 
by 80 units per year. In what year did the company 
produce 3,000 units? 
A. 24                               D.  27 
B. 25                               E.   28 
C. 26 
 
Reason: ............................................................... 
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11.  The middle term of an arithmetic sequence is 25.  
        If the difference is 4 and the 5th term is 21.  
         Then the sum of all the terms in the sequence is ... 

A. 175                                   D.   295 
B. 189                                   E.   375 
C. 275 
 
Reason: ........................................................ 
 

12. A number of candies are distributed among five 
children according to the rules of an arithmetic 
sequence. The younger the child, the more candy he 
gets. If the second child receives 11 pieces of candy 
and the fourth child 19 pieces, then the total number 
of candies is... pieces 
A. 60                               D.    75 
B. 65                               E.    80 
C. 70  
 
Reason: ................................................................. 

 
13. The sum of the first n terms of a series is 2n2-n.  
        So the 12th term of the series is... 

A. 564                                   D.   45 
B. 276                                   E.   36 
C. 48 
 
Reason: ................................................................... 
 

14. The number of terms in the geometric sequence:  
         3, 6, 12, ..., 3072 is ... 

A. 9                                 D.   12 
B. 10                               E.    13 
C. 11 

          
        Reason: ................................................................... 
 

15.   A geometric sequence has the 2nd term is 8, and 
the 5th term is 64. The 7th term of the sequence is 
... 
A. 32                                     D.   256 
B. 64                                     E.   512 
C. 128 
 
Reason: ................................................................... 
 

16. The value of the middle term of the geometric 
sequence:  
6, 3, …, 3/512  is … 

𝐴.  
1

16
                                  𝐷.  

4

16
 

𝐵.  
2

16
                                  𝐸.   

5

16
 

𝐶.  
3

16
     

Reason:............................................... 
 

17.   A piece of wire is cut with the first piece being 8 
cm, and the next piece 1.5 times the previous cut. 
Then the 5th piece is... cm 
A. 18                                     D.   35 
B. 24                                     E.   40,5 
C. 27,5 
 
Reason: .................................................................... 

 

18.  The sum of an infinite geometric series is 12 and the 
first term is 9. The ratio is ... 

A. 
3

4
                                     D.  −

1

2
 

B. 
1

4
                                     E.  −

3

4
 

C. 
1

3
 

 
        Reason: .................................................................. 
 

19. A  ball falls from a height of 10 m and bounces 
back 3/4 times its previous height. The total 
number of paths until the ball stops is....  m 
A. 60                                    D.   90 
B. 70                                    E.   100  
C. 80  

         
       Reason: ........................................................ 

 

20. Given [
4 8 5
6 3 1

] = [
2𝑎 𝑏 + 𝑎 5
6 3 1

].  

 
The value of  3a + b is ... 
A. 8                                    D.   14 
B. 10                                  E.   20 
C. 12 

          
       Reason: ......................................................... 

21. Given  𝐾 = [
𝑎 2 3
5 4 𝑏
8 3𝑐 11

]  and  𝐿 =

[
6 2 3
5 4 2𝑎
8 4𝑏 11

].  

 
If K = L, then c is  ... 
A. 12                                      D.   15 
B. 13                                      E.   16 
C. 14 
 
Reason: ................................................................ 
 

22. Given 𝐴 = [
1 2
3 4

] , 𝐵 = [
2 3
0 1

],  𝐶 = [
5 2

−1 0
].  

 
Then  (A + C) – (A + B) is ... 

𝐴.   [
5 4
5 4

]                           𝐷.   [
3 −1

−1 −1
] 

𝐵.   [
4 7
2 5

]                           𝐸.    [
7 −1
1 −1

] 

𝐶.  [
4 0

−4 −4
] 

 
Reason: ..................................................................... 
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23. Given matrix  𝑃 = [
1 3 1
2 4 5
0 7 6

], then (𝑃𝑡)𝑡 adalah 

... 

𝐴.   [
1 2 0
3 3 7
1 5 6

]                         D.   [
0 7 6
2 4 5
1 3 1

] 

𝐵.   [
1 3 1
3 3 7
1 5 6

]                         E.    [
0 7 6
2 4 5
1 3 1

] 

𝐶.   [
1 3 1
2 4 5
0 7 6

] 

 
           Reason: ................................................................. 

 

24. Given matrix 𝐴 = [
2𝑥 −5
3 𝑦

], 𝐵 = [
𝑦 2
2 4

],  and 

𝐶 = [
8 −3
5 2𝑥

].   

 
If  A + B = C,  then  x + y = ... 
A. –5                                D.   3                                          
B. –1                                E.   5 
C. 1 
 
Reason: .......................................................... 
 

25. If  𝐴 = [3 5] and 𝐵 = [
1 4
2 6

],  then 2AB adalah 

... 
𝐴.   [13 42]                             D.   [13 84] 
𝐵.   [26 84]                             E.    [30 36] 
𝐶.   [26 42] 

         
       Reason: ................................................................... 

 
 

26. If  [
1 −3

−2 4
], 𝐵 = [

−2 0
1 3

], and 𝐶 = [
3 −1
1 −2

]  

 
then  A(B – C) = ... 
 

𝐴.   [
−5 −14
10 18

]                       D.    [
1 −2

−2 2
] 

𝐵.   [
−5 −4
10 6

]                          E.    [
−7 19
−2 20

] 

𝐶.   [
1 −16

−2 22
] 

       Reason: .......................................................... 

27.  Matrix X  that satisfies  [
1 2
3 4

] 𝑋 = [
4 3
2 1

]  is ... 

𝐴.    [
−6 −5
5 4

]                       D.    [
4 −2

−3 1
]  

𝐵.    [
5 −6
4 5

]                          E.    [
4 −2

−3 1
] 

𝐶.    [
−6 −5
4 5

] 

Reason: ............................................................ 

28. If  matrix 𝐴 = [
3 −𝑥
6 8

] is singular matrix.  

Value of x that satisfies is …. 
 
A.  – 5                                D.   3 
B. – 4                                 E.   4 
C. – 3 

          
       Reason: ........................................................... 

 

29. Given matrix A = [
0 2 3

−2 0 4
−3 −4 0

], then matrix 

determinant  A is ... 
A. 0                                      D.   2 
B. 1                                      E.   4 
C. 2 
 
Reason: ................................................................ 

 
 

30. Transpose matrix P adalah PT. If 𝑃 = [
4 7
3 5

] then 

matrix (PT) – 1 is  ... 

𝐴.    [
−5 7
3 −2

]                       𝐷.   [
−3 5
4 −7

] 

𝐵.   [
3 −4

−5 7
]                        𝐸.   [

4 −3
−7 5

] 

𝐶.   [
−5 3
7 −4

] 

Reason: ................................................................... 

31. Given 𝐴 = [
4 3
2 2

] and 𝐵 = [
5 2
3 1

].  

Inverse matrix AB adalah (AB) – 1 = ... 

𝐴.   
1

2
[
−6 11
16 −29

]                𝐷.  −
1

2
[

6 11
16 29

] 

𝐵.   
1

2
[
29 11
16 6

]                     𝐸.   −
1

2
[
−6 11
16 −29

] 

𝐶.  −
1

2
[
29 11
16 6

] 

Reason: ............................................................... 
 

32. The roots of the quadratic equation  3 dan – 4 are ... 
𝐴.   𝑥2 + 𝑥 − 12 = 0 
𝐵.   𝑥2 − 𝑥 − 12 = 0 
𝐶.   𝑥2 − 𝑥 + 12 = 0 
𝐷.   𝑥2 − 3𝑥 + 4 = 0 
𝐸.   𝑥2 − 4𝑥 + 3 = 0 
 
Reason: ..................................................................... 

33. The roots of the quadratic equation 5𝑥2 + 4𝑥 −
12 = 0 are … 

𝐴.  − 2 dan 
5

6
                              𝐷.   − 2 dan −

6

5
 

𝐵.   2 dan −
5

6
                                  𝐸.   − 2 dan 

6

5
 

𝐶.   2 dan 
6

5
 

 
Reason: ................................................................. 
 
 

34. The roots of the equation 𝑥2 − 2𝑥 − 3 = 0 are 𝑥1 
and 𝑥2.  If 𝑥1 > 𝑥2, then  𝑥1 − 𝑥2 is  … 
𝐴.   − 4                                        D.  2 
𝐵.   − 2                                        E.  4 
𝐶.   0 

          
       Reason: .......................................................... 
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35. The roots of the quadratic equation  2𝑥2 − 3𝑥 −
9 = 0 are  𝑥1 dan 𝑥2.  Value of  𝑥1

2 + 𝑥2
2  is  … 

 

𝐴.   11
1

4
                                       D.  −6

3

4
 

𝐵.   6
3

4
                                         𝐸.  − 11

1

4
 

𝐶.   2
1

4
 

 
Reason: .............................................................. 
 

36. The roots of the quadratic equation:  
 𝑥2 + 2𝑥 + 3 = 0 are α dan β. The quadratic 
equation  (α – 2) dan (β – 2) is  … 
a. 𝑥2 + 6𝑥 + 5 = 0 
b. 𝑥2 + 6𝑥 + 7 = 0 
c. 𝑥2 + 6𝑥 + 11 = 0 
d. 𝑥2 − 2𝑥 + 3 = 0 
e. 𝑥2 + 2𝑥 + 11 = 0 
 
Reason: ......................................................... 
 

37.  A quadratic function that has a minimum value 2  
for  x = 1 and has a value of 3 for x = 2 is … 
A. 𝑦 = 𝑥2 − 2𝑥 + 1 
B. 𝑦 = 𝑥2 − 2𝑥 + 3 
C. 𝑦 = 𝑥2 + 2𝑥 − 1 
D. 𝑦 = 𝑥2 + 2𝑥 + 1 
E. 𝑦 = 𝑥2 + 2𝑥 + 3 
 
Reason: ............................................................. 
 

 

38. The figure  below is a graph of the quadratic 
equation ? … 
𝐴.   𝑦 = 𝑥2 + 2𝑥 + 3 
𝐵.   𝑦 = 𝑥2 − 2𝑥 − 3 
𝐶.   𝑦 = −𝑥2 + 2𝑥 − 3 
𝐷.   𝑦 = −𝑥2 − 2𝑥 + 3 
𝐸.   𝑦 = −𝑥2 + 2𝑥 + 3 

           
       Reason: ......................... 

39.  If f is a quadratic function whose graph passes 
through the points (1,0), (4,0) and (0, –4) then the 
value of f(7) is … 
A.  – 16                                    D.  – 19 
B. – 17                                     E.   – 20 
C. – 18 
 
Reason: ...................................................... 
 

40. The graph equation of a quadratic function has an 
extreme point  (–1, 4) and through (0, 3) is  … 
𝐴.   𝑦 = −𝑥2 + 2𝑥 − 3        𝐷.   𝑦 = −𝑥2 − 2𝑥 − 5 
𝐵.   𝑦 = −𝑥2 + 2𝑥 + 3         𝐸.   𝑦 = −𝑥2 − 2𝑥 + 5 
𝐶.   𝑦 = −𝑥2 − 2𝑥 + 3 
 
Reason: .............................................................. 
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The Development of an Assessment Instrument Using Polytomous 
Response in Mathematics 

 

Abstract: This research is a development research aimed at developing a good mathematical 

test instrument using polytomous responses according to classical and modern theories in 

vocational schools. This research design uses the Plomp model, which consists of five stages, 

namely: (1) preliminary investigation, (2) design, (3) realization/construction, (4) revision, 

and (5) implementation (testing). The study was conducted in three vocational schools in 

Lampung, Indonesia. The study involved 413 students, consisting of 191 male and 222 

female students. The data was collected through questionnaire and test. The questionnaire 

was to identify instruments commonly used by teachers and to validate them by experts of 

mathematics and educational evaluation. The test used the open polytomous response test as 

many as 40 items. The data was analyzed using both classical and modern theories.The 

results show that the open polytomous response test has a good category according to 

classical and modern theory, it  can provide information on the actual competence of 

students; this is observed from the students' arguments when giving reasons for their choices. 

Therefore, the open polytomous response test can be used as an alternative to learning 

assessment.  

Keywords: Assessment instrument, classical and modern theory, vocational school,  

polytomous responses 

 

Introduction 

Assessment is an important activity and needs to be done by teachers in schools. The 

conventional paradigm often interprets assessment as a way to find out the achievement of 

student learning outcomes as a whole, so that the assessment is positioned as a separate 

activity from the learning process (Syaifuddin, 2020). Referring to the current paradigm, 

assessment in schools is divided into three types: assessment as learning, assessment for 

learning, and assessment of learning (Wulan, 2018). These three types of assessments aim to 

Attachments: 5TH ROUND_EU-JER_21112502244011.docx    Thu, Apr 14, 2022 at 5:36 PM 
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provide recognition of the achievement of student learning outcomes after the learning 

process (Earl, 2013), as shown in the following assessment pyramid (Figure 1). 

 

Figure 1. Assessement Pyramid 
 

Assessment can be used with test. A test is a tool or procedure used to find out or measure 

students' abilities in certain areas with certain rules (Arikunto, 2012). A test consists of two 

types, namely multiple-choice and essay. A multiple-choice test is a form of assessment in 

which each item provides options, and one of the potions is the correct answer. An essay test 

is a form of assessment that requires answers in sentences or words. Each type of test has 

strengths or weaknesses compared to each other. The strength of multiple-choice test over 

essay is that multiple-choice test can be conducted for many students, are more objective, and 

the test results can be known more quickly. Unfortunately they have a weakness, namely that 

the multiple-choice test is not able to see the actual abilities of students and the answers tend 

to be guessed or tried out (Rosidin, 2017). In addition, the strength of the multiple-choice test 

has a scoring certainty compared to the essay test, namely 1 and 0 (getting a score of 1 for the 

correct answer, and a score of 0 for the wrong answer choice). Multiple-choice test with only 

two answer choices are called "dichotomous test," and multiple-choice test with more than 

two answer choices are called "polytomous test" (Kartono, 2008). 

Until now, multiple-choice test have been widely used by teachers to assess students' 

abilities, especially those with a large number and a wide area of expertise. To reduce the 

weakness of multiple-choice test, in the last four decades, experts have developed multiple-

choice test by combining multiple-choice test and essay into multiple-choice test with reasons 
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and are called the polytomous response test(Suwarto, 2012). The polytomous response test 

score is 1 - 4. Score of 4 for the correct answer and reason, score of 3 for the correct answer 

but the wrong reason, score of 2 for the wrong answer but the correct reason, and score of 1 

for the wrong answer and reason(Kartono, 2008). 

In the 1980s, the first test that was focused on and developed by experts was the closed 

polytomous response test, also known as the two-tier test(Treagust, 1988). This test consists 

of two levels: the first is choosing answers on the multiple-choice test, and the second level is 

choosing reasons based on the answer choices at the first level (Chandrasegaran et al., 2007).  

Several studies on the closed polytomous response test have been carried out, such as, test on 

mathematical ability in middleschool (Hilton et al., 2013; Rovita et al., 2020), test on calculus 

material (Khiyarunnisa & Retnawati, 2018), test onhigher order thinking mathematical 

skills(Sundari, et al., 2021), and test on mathematical connection material (Lestari et al., 

2021). Although the closed polytomous response test has been widely developed, researchers 

have found weaknesses in the test, such as students' misconceptions or students' actual 

competencecannot be known in detail (Antara et al., 2019), the test instrument is difficult to 

construct (Khusnah, 2019), and student answers are still guessed (Myanda et al., 2020). 

However, there are strengths in the closed polytomous response test, such as the consistency 

of student answers errors, which is easily observed(Treagust, 1988), and the suitability 

between the student's answer choices and the reason is easy to know (Diani et al., 2019). 

To reduce the weakness of the closed polytomous response test, the experts modified the test 

to be the open polytomous response test. The open polytomous response test is a form of 

multiple-choice test that provides a place to write arguments for the answer choices 

(Retnawati, 2014). The studies on the open polytomous response test that have been carried 

out aretest on calculus material in universities (Yang et al., 2017) and test on mathematics 
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material in senior schools(Ayanwale, 2021) and junior schools (Falani et al., 2020).These 

studies developed the open polytomous response test for students in college, and senioror 

junior school. Students in college, and senior or junior school learn mathematics as a primary 

subject, while students in vocational schools learn mathematics as a secondary subject 

(Oktaria, 2016). In addition, students in vocational schools are more oriented towards 

practical abilities and skills, in contrast to students in college or high school who are more 

academically oriented, including in Indonesia (Permendikbud, 2016). 

Currently, the Indonesian government wants vocational schools to not be left behind in 

academic subjects such as mathematics. The government's desire is to improve the way of 

assessing student learning in vocational school, and so far the assessment method used is the 

polytomus test. Often, students pay less attention during math exams for several reasons, such 

as considering mathematics as an unimportant subject (Putri et al., 2017), mathematics as a 

complicated subject (Vani et al., 2019), and mathematics as a boring subject (Ikmawati, 

2020). This reason causes students to tend to answer the test by guessing. Therefore, to avoid 

these student tendencies, it is necessary to develop a polytomus response test (closed or 

open). Taking into account the disadvantages of the closed polytomous response test, it is 

reasonable to conduct research by developing the open polytomous response test for students 

in vocational schools. 

The test instrument developed must be accountable as a good test, and be necessary to 

analyze the quality of the item (Rosidin, 2017). There are two theories for analyzing item 

quality, namely classical and modern. Classical theory is a measurement theory for assessing 

test based on the assumption of measurement errors between actual results and observations, 

and from the assumption, a formula for calculating the level of difficulty and item 

discrimination was developed (Hambleton & Jones, 1993). The modern theory is a 
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measurement theory to assess students' abilities by comparing students' abilities with their 

group abilities and is known as Item Response Theory/IRT (Hambleton & Linden, 1982). 

Classical theory is widely used by teachers because it is easy to apply. However, this classical 

theory has a weakness, namely, it cannot separate the characteristics of students and items. 

The modern theory is a solution to overcome the weaknesses of the classical theory because 

in the modern theory, an item does not affect other items (local independence), items only 

measure one dimension (unidimensional) (Anisa, 2013), and an item eliminates the 

relationship between respondents and items (parameter invariance) (Saepuzaman et al., 

2021). Therefore, experts suggest that the test instrument is accountable; the quality of the 

items must be good according to the analysis of classical and modern theory (Retnawati, 

2014). 

The aim of this development research is to develop a good mathematical test instrument using 

polytomous responses according to classical and modern theories in vocational schools. The 

research problems are stated as follows:(1) does the open polytomous response test developed 

have a good category so that it can be used as an assessment instrument in vocational schools 

based on classical and modern theory?, and (2) doesthe open polytomous response test 

instrument developed provide information on students' actual competence in vocational 

schools ? 

Methodology 

Research Design 

This research is a research and development that refers to Plomp’s model (Plomp, 2013), with 

the research procedure consisting of five stages, namely preliminary investigation, design, 

realization or construction, test phase, revision, and implementation (test). 

 
Realization/construction Design Preliminary investigation 

Implementation (Test) Revision 
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Figure 2. Stages of Research Design 

The preliminary investigation stage is to identify the assessment instruments used by teachers 

so far. The design stage is to make the open polytomous response test grid according to the 

basic competencies of mathematical concepts and to make a quality assessment questionnaire 

sheet. The realization/construction stage is developing the items test validated by an expert 

process for the items test. The revision stage is the improvement of items on the test based on 

expert advice. The implementation (testing) stage is to try out the test on students and analyze 

the results of the test. 

 Research Subject 

The subjects of the study were students at a vocational school in the province of Lampung, 

Indonesia. The research sample was determined using a non-probability sampling technique 

in the form of accidental sampling, which means taking a subject based on a subject that is 

easy to find and ready to be a respondent(Malhotra, 2006). The selected schools were three 

schools as representatives, namely the Mitra Bhakti vocational school, the Praja Utama 

vocational school, and the Ma'arif NU vocational school. The research subjects were 413 

students in grade I (male students = 191, and female students = 222), whose mathematical 

abilities on the National Exam (NE) were categorized as moderate (average 64.67 out of the 

ideal score of 100). The following are the characteristics of the research subjects in detail 

shown in Table 1. 

 

 

Table 1. Research Subjects 
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Vocational Schools Grade 
The Number of Students 

Average of NE 
Total Male  Female 

Mitra Bhakti 
I-A 13 5 8 64.24 
I-B 23 10 13 62.4 
I-C 29 9 20 65 

Praja Utama 

I-A 40 40 0 64 
I-B 39 39 0 64.62 
I-C 43 15 28 68.72 
I-D 38 15 23 67.9 
I-E 41 14 27 67.56 
I-F 40 17 23 63.38 
I-G 40 8 23 67.74 

Ma’arif NU 
I-A 31 14 17 62.1 
I-B 36 5 51 58.34 

Total 413 191 222  64.67 

 

Data Collection Techniques 

Data was collected using a questionnaire and a test. The questionnaire contains several 

questions to the teacher about the instrument for assessment used by the teacher and also 

expert validity of the instrument developed to determine content validity (Suhaini et al., 

2021). The instrument was validated by two people who have expertise in mathematics and 

educational evaluation. The three aspects assessed by the expert were the suitability of the 

items with the indicators, language, and alternative answers to the questions. The score 

validating the instrument follows the criteria as in Table 2 below. 

Table 2. Content Validity Score 

Description Score 
Irrelevant 1 

Quite relevant 2 
Relevant 3 

Very relevant 4 
 

After determining content validity, the instrument was tested on students. Then, it was 

continued by determining the validity of the construct and its reliability. It was aimed to 

ensure that the instrument could be further analyzed. 

The instrument used was the open polytomous response test, which consisted of 40 questions 

on the concepts of sequences and series (arithmetic and geometry), quadratic equations and 

functions, and matrices. Each item contained five answer choices along with the reasons. 
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Student scores refered to the polytomous score in the Partial Credit Model, where answer 

choices and reasons were related  (Retnawati, 2014), as shown in Table 3 below. 

Table 3.  Scores for Student Answers 

Student Answers 
Score 

Answer Options Reason 
False False 1 
False Right 2 
Right False 3 
Right Right 4 

 

Data Analysis 

The collected research data was analyzed in two stages: (1) questionnaire data analysis 

(qualitative analysis) and (2) test data analysis (empirical analysis).The following is an 

explanation of each data analysis: 

1. Questionnaire data analysis (qualitative analysis) 

There are two sets of questionnaire data, namely: identification of assessment instruments in 

schools and expert assessment of the assessment instruments developed. The results of the 

two questionnaires were analyzed descriptively. Specifically for expert judgment, it was 

continued with an analysis of expert agreement that used the Gregory index formula 

(Gregory, 2015), namely: 

         V = 
𝐷

𝐴+𝐵+𝐶+𝐷
 

Description: 
   V = Content Validity 
   A = Rater 1 and 2 are weak 
   B = Rater 1 is strong, and rater 2 is weak 
   C = Rater 1 is weak, and rater 2 is strong 
D = Rater 1 and 2 are strong 

 

The interpretation of Gregory's formula is that the number V is in the range of 0 to 1. The 

higher the number V (close to 1 or equal to 1), the higher the value of the validity of an item. 
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Conversely, the lower the number V (close to 0 or equal to 0), the lower the validity of an 

item. 

2. Test data analysis (empirical analysis) 

After the content validity test, it was followed by the construct validity and reliability test. 

The construct validation test used exploratory factor analysis. The instrument is considered to 

have a good construct if the explained Kaiser-Meyer-Olkin (KMO) value is greater than 0.5 

(Retnawati, 2014). Reliability test using Cronbach's alpha formula The instrument is said to 

have good reliability if the coefficient value of Cronbach's Alpha is 0.60(Arikunto, 2012). If 

the instrument has good construct validation, further test can be analyzed, namely the level of 

difficulty and item discrimination. The reason for analyzing the level of difficulty and item 

discrimination is that they are both preliminary analyses of the assumptions of measurement 

theory (Hambleton & Jones, 1993). To simplify the process of analyzing the level of 

difficulty and item discrimination, the Iteman program was used for classical theory and the 

Winsteps program for modern theory (Sarea & Ruslan, 2019). The Winsteps program was 

used because it had several advantages; namely, it can analyze polytomous data and calculate 

the maximum likelihood model using a 1-parameter logistic model (Untary et al., 2020). 

2.1  Analysis of test data with classical theory 

a. The item difficulty level is the percentage of the number of students who answered 

correctly or incorrectly. If the item has an index of 0.3-0.7, then the item is good; if 

the item has an index below 0.3, then the item is difficult; and if the item has an index 

above 0.7, then the item is easy. 

b. Discrimination is the ability of a test to distinguish between high-ability students and 

low-ability students. Discrimination is said to be good if it has an index above 0.3, 
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and if the discrimination index is below 0.3, then the question needs to be revised 

(Arikunto, 2012). 

2.2 Analysis of test data with modern theory 

a. The item difficulty level is the level of the student's latent trait towards the item. The 

difficulty of the items determines the ability of about 50% of the respondents who are 

expected to answer items correctly (DeMars, 2010). An item is said to be good if it 

has an index of between -2 and +2 (Hambleton & Swaminathan, 1985). If the index is 

close to -2, then the item is classified as very easy, and if the index is close to +2, the 

item is classified as very difficult (Retnawati, 2014). In the Winsteps program, the 

item difficulty level is in the Measure column. 

b. Item discrimination is indicated by the slope of the curve on the item characteristics. 

The item is said to have good discrimination if the slope of the curve is moderate (not 

too gentle or steep), because if the slope of the curve is too gentle or steep, then the 

item is not good. Another opinion states that a good index is above 0.4 (Crocker & 

Algina, 1986). In the Winsteps program, the item discrimination is in the Pt-Measure 

Corr column. 

According to modern theory, before analyzing the item difficulty level and discrimination, 

three assumptions must be tested, namely unidimensionality, local independence, and model 

fit (Hambleton et al., 1991). Unidimensional means that each test item only measures one 

ability. There are three ways that are often used to test unidimensionality, namely the analysis 

of the Eigenvalue of the correlation matrix between items, the Stout-test on the 

unidimensional assumption test, and the index based on the residuals of the unidimensional 

solution (DeMars, 2010). In this study, the dimensional test used the Eigenvalue analysis of 

the correlation matrix between items. 
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Local independence is the state of the respondent's answer to an item that is not influenced by 

other items. Local independence test by proving that the probability of the respondent's 

answer pattern is the same as the probability of the respondent's answer to each item. If the 

unidimensional assumption is accepted, the local independence assumption will also be 

accepted (DeMars, 2010). Use the Model Fit Test to find out whether the model used is in 

accordance with the items. Test the fit of the model by measuring the outfit mean square 

(MNSQ) and PT-Measure. If the outfit MNSQ value is 0.5 to 1.5 and the Pt-Measure Corr is 

positive, it is said that the item fits the model (Linacre, 2012). In addition, the information 

function and standard error measurement (SEM) are analyzed, which aims to further explain 

the latent ability as measured by using a test that is expressed through item donations. 

Findings/Results 

Analysis of Questionnaire Data 

Based on the results of the questionnaire, it was found that so far, the teacher had never used 

the polytomous response. As many as 80% of teachers used essay test and 20% of teachers 

used multiple-choice test, with each instrument consisting of 2-5 items. In addition, about 

10% of teachers used this assessment as a means for learning improvement, such as 

improving lesson plans and teaching methods. The results of the questionnaire stated that 

90% of teachers who did not use assessment as an improvement in learning were caused by 

several aspects, such as: teachers did not understand assessment (20%), teachers did not 

know how to analyze assessments (50%), and teachers did not know how to develop good 

assessment questions (30%). The following is the summary of the questionnaire from the 

identification data. 
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Figure 3. Description of Teacher Conditions in Assessment 

Content Validity 

The results of the two expert assessments showed that the content validation instrument is 

good. Furthermore, the analysis of expert judgment agreement was obtained as shown in 

Table 4 below. 

Table 4. The Gregory Item Index 
 Rater 1 

weak strong 

Rater 2 
weak 0 0 
strong 0 40 

Index Gregory 1 
 

Based on the results of the assessment in Table 4, it can be concluded that the instrument is 

valid because the value of V reaches a value of 1. Therefore, the instrument test can be 

continued. In addition to providing assessments, the experts also provided some suggestions 

for improvements to the instrument, namely the preparation of questions using the ABCD 

format (Audience, Behavior, Competence, and Degree), avoiding the use of ambiguous 

language or statements, improving mathematical concepts, making alternative answer choices 

that are misleading, and arranging them in order. 

 

 

80%

20%

Test type

essay

multiple
choice

10%

90%

Assessment

revised

not revised

20%

50%

30%

The cause 

not
understandin
g
not knowing

not
developing
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Analysis of Test Data 

Construct Validity 

After testing the instrument, it was followed by a construct validity test. The results of the test 

with exploratory factor analysis are shown in Table 5. 

Table 5. Exploratory Factor Analysis 

KMO and Bartlett's Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
Bartlett's Test of Sphericity Approx. Chi-Square 1936.378 

Df 780 
Sig. .000 

 

Based on Table 5, the explained KMO value is 0.76 (more than 0.5), and it can be concluded 

that the variables and samples used to allow for further analysis. 

 
 Reliability 

The results of the estimation of the reliability of the instrument obtained a Cronbach's Alpha 

coefficient value is 0.89 (more than 0.6). It means that the instrument has good reliability so 

that the analysis of the level of difficulty and item discrimination can be continued according 

to classical and modern methods. 

Table 6. Reliability of Items 

Cronbach’s Alpha N of Items 
0.892 40 

 

Analysis of Test Data with Classical Theory 

Analysis of test data in the classical way did not require testing assumptions, but the analysis 

of the difficulty level of the items and the distinguishing power of items cauld be directly 

calculated if the validity and reliability have been met. The results of the two analyses are 

presented in Table 7 below. 

Table 7. The Item Difficulty Level and Discrimination 
Item Difficulty 

Level 
Category Discrimination Category Item Difficulty 

Level 
Category Discrimination Category 

1 0.538 good 0.196 Revised 21 0.482 good 0.143 revised 
2 0.487 good 0.179 Revised 22 0.535 good 0.429 good 
3 0.528 good 0.214 Revised 23 0.492 good 0.250 revised 
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4 0.540 good 0.304 Good 24 0.438 good -0.071 revised 
5 0.489 good 0.089 Revised 25 0.436 good -0.107 revised 
6 0.446 good -0.161 Revised 26 0.385 good -0.286 revised 
7 0.438 good -0.232 Revised 27 0.383 good -0.321 revised 
8 0.453 good -0.143 Revised 28 0.416 good -0.143 revised 
9 0.414 good -0.143 Revised 29 0.458 good -0.125 revised 
10 0.409 good -0.339 Revised 30 0.385 good -0.375 revised 
11 0.438 good -0.143 Revised 31 0.404 good -0.321 revised 
12 0.436 good -0.036 Revised 32 0.433 good -0.250 revised 
13 0.400 good -0.321 Revised 33 0.441 good 0,036 revised 
14 0.450 good -0.036 Revised 34 0.424 good -0.268 revised 
15 0.462 good 0.250 Revised 35 0.412 good -0.321 revised 
16 0.453 good -0.089 Revised 36 0.431 good -0.304 revised 
17 0.416 good -0.143 Revised 37 0.404 good -0.232 revised 
18 0.419 good -0.196 Revised 38 0.363 good -0.482 revised 
19 0.431 good -0.232 Revised 39 0.230 good -0.929 revised 
20 0.441 good -0.089 Revised 40 0.211 good -1.071 revised 

 

Based on Table 7, it was found that all items have an item difficulty level in the index range 

of 0.3 to 0.7, so they are included in the good category. Meanwhile, only two items on 

discrimination had good categories, and the remaining items needed to be revised. The results 

indicated that all items were good based on the level of difficulty, but almost all items needed 

to be revised for item discrimination. 

 
 Analysis of Test Data with Modern Theory 

The Unidimensional Assumption Test 

The unidimensional assumption test is the first assumption test with factor analysis. Factor 

analysis begins by testing the adequacy of the sample to be used in the analysis, constructing 

a variance-covariance matrix, and then calculating the Eigenvalue. The Eigenvalue was then 

used to calculate the percentage of explained variance, as well as to describe the scree plot 

(Retnawati, 2014). The output of factor analysis was the Kaiser-Meyer-Olkin Measure of 

Sampling Adequacy (KMO) statistic and scree plot. 

Table 8. The KMO Test 

KMO Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
 Sig. .000 

 

The unidimensional test is seen based on the cumulative percentage of Eigenvalue and scree 

plot analysis results. If the cumulative percentage of the first factor Eigenvalue is greater than 
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20%, then the unidimensional assumption is fulfilled (Retnawati, 2014). In Table 9, it can be 

seen that the cumulative percentage of the first factor Eigenvalue is 20.220%. Because the 

Eigenvalue is more than 20%, this instrument is proven to only measure one factor or 

dimension. 

Table 9. Total Variance Explained 

Component 
Initial Eigenvalue 

Total Variance (%) Cumulative (%) 
1 8.088 20.220 20.220 
2 1.458 3.646 23.865 

 

In addition, the unidimensional test can also be seen on the scree plot, which is based on the 

number of factors marked by the steepness of the graph with the acquisition of Eigenvalue. 

 

Figure 4. Scree Plot Unidimensional 

Based on the scree plot, it is known that the Eigenvalue immediately slope on the second 

factor. It demonstrates that the developed instrument has only one dominant factor.The 

results prove that the test kit meets the unidimensional assumption, or in other words, only 

measures one dominant factor. 

Local Independence Assumption Test 

The local independence assumption test will be fulfilled if the student's answer to one item 

does not affect the student's answer to another item. Thus, the score of one item should not be 
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determined or dependent on the scores of other items. This confirms that this assumption 

automatically proves that students' answers do not affect answers to other items  (Retnawati, 

2014). 

Table 10. The Covariance Matrix. 
 K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 

K1 0.0486                

K2 0.012 0.0042               

K3 0.0105 0.0034 0.0032              

K4 0.0317 0.0106 0.0093 0.0293             

K5 0.01 0.0032 0.0029 0.0085 0.0028           

K6 0.0069 0.0023 0.0021 0.0062 0.002 0.0016         

K7 0.0036 0.0011 0.0009 0.0028 0.0009 0.0007 0.0004       

K8 0.0041 0.0015 0.0012 0.0037 0.0011 0.0008 0.0004 0.0006     

K9 0.0074 0.0024 0.0022 0.0065 0.002 0.0015 0.0007 0.0009 0.0017   

K10 0.021 0.0061 0.0054 0.0148 0.0051 0.0039 0.0017 0.0025 0.0043 0.0196 

 

Table 10 shows the results of the variance-covariance values between groups of students' 

abilities. In the table, it can be seen that the covariance value between the ability interval 

groups located on the diagonal is small and close to zero. This result shows that there is no 

correlation, so it can be said that the local independence assumption test is accepted. 

Model Fit 

The model fit test was analyzed using the Winsteps program. The item requirements are 

called "fit to the model." If the Outfit MNSQ value is 0.5 to 1.5 and the Outfit ZSTD value is 

-2 to 2, and the Pt-Measure Corr is positive, then it can be said that the item fits the model 

(Sumintono & Widhiarso, 2015). An item is considered fit if one of the conditions is 

accepted. In addition, it can also be seen from the MNSQ infit of 0.77 to 1.3, but at this stage, 

the fit of the model is only taken on the MNSQ and Pt-Measure outfit values. Based on the 

results of the analysis, all items matched the model or fit (Figure 5). 
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Figure 5. Item Fit on Model 

 
The Item Difficulty Level 

The item difficulty level was analyzed using the Winsteps program, and the results obtained 

was be presented in Table 12 (Measure column). The item difficulty level is in the range of -

0.70 to 0.84. From Table 12, the highest difficulty level is item 40 (difficulty level 0.84), and 

the lowest difficulty level is item 1 (difficulty level -0.70). Since the difficulty level is in the 

range of 2 and 2, it can be concluded that all items are in the good category. If further divided 

into three categories, the difficulty level of items in the range of -0.7 to 0.84 is moderate 

(Sumintono & Widhiarso, 2015). It can also be seen on the difficult map items, namely that 

the difficulty level is in the range of -2 and 2. 
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Figure 6. Item Difficulty Level 

 

 

Figure 7. Item Difficulty Map 
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The Item Discrimination 

The item discrimination analysis used the Winsteps program, and the results are presented in 

Figure8 (column PT-Measure Corr). Item discrimination is in the range of 0.23 to 0.74, with 

details of 27 items having an index above 0.4 (good category), and 13 items having an index 

below 0.4 (bad category). However, the 13 items can be used as an instrument as long as the 

index is above 0 (Alagumalai et al., 2005). 

 
Figure 8. Item Discrimination 

 
Comparative Analysis Between Classical and Modern Theory 

The results of the analysis of classical and modern theories obtained the index of difficulty 

level and item discrimination as follows. 
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Table 11. Comparison of Classical and Modern Theories 

Parameter 
Classical Theory Modern Theory 

Many Items with 
Good Categories 

Percentage Many Items with 
Good Categories 

Percentage 

Difficulty level 40 100 40 100 
Item discrimination 2 0.05 27 67.5 

 
Based on Table 11, the level of item difficulty analyzed by classical and modern theory has 

the same results (good category). However, item discrimination using modern theory has 

more items in the good category than using classical theory. If we compare the index of 

discriminatory items between classical (Table 7) and modern (Figures 6 and 8), it can be seen 

that there is a match between the categories of item discrimination. It means that if item 

discrimination is not good with the classical theory, then item discrimination is also not good 

with the modern theory (13 items correspond to the item discrimination index, and 27 do not 

match). 

Information and Measurement Error (SEM) Function 

The function of information to reveal latent ability was measured by using a test that was 

expressed through item donation. The test information function is also the sum of the 

functions of each item. The information function is inversely proportional to measurement 

error, or standard error measurement (SEM). The value of the information function of the test 

device will be high if the items that make up the test have a high information function. The 

following is a picture of the curve of the relationship between the information function and 

SEM. 

 

Figure 9. Graph of Information Function and Measurement Error 
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Figure 9 shows that this instrument provides information of 22.36 (maximum) and has a 

measurement error of 0.21 (smallest) for medium-ability students. The lower and upper limits 

of the interval are the ability scores where the graph of the information function and the SEM 

graph intersect at that interval. This graph states that the greater the value of the information 

function, the smaller the measurement error (SEM), and the item information function 

expresses the strength or contribution of the test items in revealing the latent trait as measured 

by the test. This information function provides a description of the item according to the 

model (which helps with item selection) (Retnawati, 2014). These results conclude that this 

test instrument is suitable for students with medium abilities. 

Based on the test results, it can also be seen that the actual competency information of 

students in vocational school based on the test answers. Instrument analysis is based on two 

patterns of student answers that have the same tendency based on Bloom's Taxonomy 

(Bloom, 1956). A total of six student answers were selected as samples with different abilities 

(high, medium, and low). 

Item 1: The cognitive domain to be achieved is C2 (Understanding). Based on students' 

answers, the two dominant patterns of student answers are: (1) students have understood the 

general form of arithmetic sequences and know the first term and other terms, and (2) 

students have not been able to formulate general forms in arithmetic sequences and perform 

algebraic operations on general forms arithmetic sequence. 

 Question 1: Pattern 1: Pattern 2: 

 

  

Figure 10. An ExampleofStudent Answers in Item 1 
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Item 2: The cognitive domain to be achieved is C2 (understanding). Based on students' 

answers, the two dominant patterns of student answers are (1) being able to understand the 

number of terms in a sequence by using the general formula for an arithmetic sequence, or 

determining the number of arithmetic sequences without using a general formula (only 

writing down all the terms from the first term until the last term), and (2) students who can 

already use the general formula for arithmetic sequences but have not been able to determine 

the number of arithmetic sequences because of errors in performing algebraic operations on 

general arithmetic sequences. 

Question2: Pattern 1 Pattern 2 

 
  

Figure 11. An ExampleofStudent Answers in Item 2 

Item 3: The cognitive domain to be achieved is C3 (applying). Based on students' answers, 

the two dominant patterns of student answers are: (1) students have understood and 

determined the difference between two non-adjacent arithmetic sequences using the general 

formula for arithmetic sequences, and (2) other students can determine the number of 

arithmetic sequences even though they are not using a general formula or by writing the 

terms of the known terms and inserting several terms. 

Question 3: Pattern 1 Pattern 2 

 
 

 
 

Figure 12. An Exampleof Student Answers in Item 3 
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Item 4: The cognitive domain to be achieved is C3 (applying). Based on students' answers, 

the two dominant patterns of student answers are: (1) students have understood and can 

determine the nth term in an arithmetic sequence that is known to be two non-adjacent terms 

using the general formula for arithmetic sequences, and (2) students cannot determine the 

number of arithmetic sequences because it does not use a general formula but by writing the 

terms of the known terms and inserting several terms and continuing until the nth term. 

Question  4: Pattern 1 Pattern 2 

 
  

Figure 13. An Example of Student Answers in Item 4 

Item 5: The cognitive domain to be achieved is C1 (remembering). Based on students' 

answers, the two dominant patterns of student answers are: (1) students have understood and 

determined the middle term of an arithmetic sequence, and (2) students can determine the 

middle term of an arithmetic sequence but do not use general formulas, but rather by writing 

the terms from known terms and inserting several terms and then defining them. 

Question 5: Answer Pattern 1 Answer Pattern 2 

 
 

 

Figure 14. An Example of Student Answers in Item 5 
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Description of Instrument Development and Student Ability 

The instrument developed from this research is the open polytomous response test, and all 

parameters have been accepted. This instrument is a combination of a multiple-choice test 

and an essay. Multiple choice test are easier to check students' answers, but their 

mathematical thinking processes cannot be known in depth. While the essay test has the 

advantage of being able to find deeper mathematical thinking processes, it takes a long time 

to check the answers. 

Analysis of learning instruments is an important source of composite scores in the final 

report. In the final report, the student's ability score was first changed to a score of 0–10 

(previously 0–100). The conversion is done through a linear transformation by dividing the 

student's score by the ideal score, then the result is multiplied by 10 to get a value range of 0–

10, or multiplied by 100 to get a value range of 0–100. In the range of 0–10, the scores of 

students' mathematical ability were 8, 56 (highest) and 4.31 (lowest), or in the range of 0–

100, students' math ability scores were 85.6 (highest) and 43.1 (lowest). 

The results of the analysis of student abilities are presented in the form of predicates ranging 

from very low to very high according to the specified category. The results of this analysis 

show that most students have very low to medium abilities, as much as 62% (253 students), 

and the remaining 38% (160 students) have high and very high abilities. Other analysis 

results found that high and very high-ability students tend to work according to concepts with 

more creative completion steps (different from the teacher's example), but students who have 

very low to medium abilities can solve problems according to concepts with less creative 

completion steps (e.g., routine or according to the teacher's example). 

Other results show that the assessment with an open response polytomus makes it easier for 

teachers to explore students' difficulties with a material. Then, from this exploration, the 
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teacher can continue with improvements for students who have learning difficulties. An 

important finding of this study is that information about students' learning difficulties through 

the open polytomus response test is more secondhand and complete than other assessment 

instruments, such as multiple choice test(Gierl et al., 2017) or essay test(Putri et al., 2020). 

Discussion 

This research is a development research aimed at developing a good mathematical assessment 

instrument using polytomic responses according to classical and modern theories. The results 

of the data analysis found that there were differences in the results of the analysis between 

classical theory and modern theory, namely on item discrimination. Classical theory analysis 

obtained 38 items with bad criteria and only 2 items with good criteria. In contrast, modern 

theory analysis obtained 27 items with good criteria and 13 items with bad criteria. 

According to evaluation theory, modern theory aims to cover the weaknesses of classical 

theory. The results of classical theory analysis are often categorized as poor, but modern 

analysis results are categorized as good, and vice versa (Retnawati, 2014). That is, an item 

that is not in a good category with classical theory should be analyzed according to modern 

theory before revising or replacing the item. 

Research on learning assessment with open response politomus was carried out by Yang et al. 

(2017). This research aims to diagnose student errors in completing calculus material at 

university. The instrument compares two types of test, namely the two-tier test and the open 

polytomous response test. The research findings suggest that the open polytomous response 

test provides more detailed information on student error than the two-level test (see Figure 

15). The research findings are in line with the results of this study, which states that the open 

polytomous response test provides more detailed information about students' abilities. 
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Figure 15. An Example of Student Answers on The Two-Tier Test and 

Another study on learning assessment with open response polytomus was conducted by 

Ayanwale (2021). Ayanwale's research compares two polytomous response test analysis 

methods, namely the Parallel and Partial Credit Model. The results of his research stated that 

the Partial Credit Model analysis had a first factor Eigenvalue of 20.5% (ideal Eigenvalue of 

more than 20%) compared to the Parallel analysis, which had the first factor Eigenvalue of 

11.7%. The results of Ayanwale's research are in line with this study, which obtained the first 

factor Eigenvalue of 20.220%, and the author can state that the instrument developed is 

suitable to be used to assess vocational students in Indonesia, maybe even outside Indonesia. 

There are other studies related to classical and modern theory, namely Sarea (2018)and 

Saepuzaman et al.(2021). Sarea's research states that the response polytomus test has good 

criteria (classical and modern theory), and the classical theory analysis has more items than 

modern theory. Meanwhile, Saepuzaman's research found that the response polytomus test 

had good criteria (classical and modern theory), and the modern theory analysis had more 

items than classical theory. 

The results of the analysis of student answers obtained information that there were two 

patterns of students' solving questions: (1) formulas,and (2) trial and error. Students who use 

formula patterns in solving problems tend to be carried out by high-ability students, and 
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students who use trial and error patterns tend to be carried out by students with medium and 

low abilities. Students who use both patterns can answer the questions correctly as shown in 

Figure 16 below. 

 
 

(i) 
 

(ii) 

Figure 16. An Example of Student Answer Patterns with (i) Formulas, (ii) Trial and Error 

Both patterns of solving math problems are common ways. This is in line with the opinion of 

Mason et al. (2010) that there are several ways that can be used in solving math problems, 

namely trial and error, use a drawing or model, analogy, and formula. Syahlan (2017) states 

that two ways that students often use to solve math problems are (1) trial and error and (2) 

formulas. Usually, students use trial and error methods to solve easy problems and formulas 

methods to solve difficult questions. If combined with student answers and Syahlan's opinion, 

students with medium and low abilities in solving easy questions will use trial and error 

methods, and students with high abilities in solving difficult questions will use formulas. 

The results of these student answers can be important information for teachers in teaching 

mathematics. This means that before teaching a material, the teacher must know the students' 

initial abilities (high, medium, or low) and the level of difficulty of the material. Some of the 

benefits for teachers who know students' initial abilities are: teachers can develop 

professionally centered on students  (Gonzalez, 2018), teachers can adjust the level of 

cognitive and increase student learning engagement (Dong et al., 2020), assist teachers in 

designing pedagogical practices and correcting students' misconceptions (Geofrey, 2021).In 

addition, the benefit for teachers who know the level of difficulty of a material is that they 

can design remedial learning plans(Muhson et al., 2017; Wulanningtyas et al., 2020).The 
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description above shows that there are many benefits that the teacher will get if the teacher 

knows the students' actual abilities, and this can be known by the teacher if the teacher uses 

the open polytomus response test. 

Conclusion 

Based on the results of the research and discussion, conclusions are obtained: (1) the open 

polytomous response test has a good category according to classical and modern theory. So, 

the test instrument requirements are accountable (qualifies for a good test) is a good test 

instrument according to the analysis of the two theories (classical and modern theory), and 

(2) the open polytomous response test can provide information on the actual competence of 

students; this is observed in the students' arguments in giving reasons for their choices. This 

is observed in the students' arguments when giving reasons for their choices. Therefore, the 

open polytomous response test can be used as an alternative to learning assessment. 

Recommendation 

Based on the research results, there are several recommendations for teachers, schools, and 

other researchers. For teachers, they should familiarize students with giving a test in the form 

of a polytomous response before giving the test. In schools, principals or other leaders should 

encourage other teachers to take advantage of this test and develop other assessment 

instruments. For other researchers, they should conduct research by developing instruments 

with other polytomous responses (assessment of learning and assessment as learning) on 

other materials. In addition, for further research, conduct a study that develops an assessment 

instrument with a learning response polytomous (pretest). This is important so that students' 

prior knowledge can be known and learning can be effective. 
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Limitations 

The research carried out has several limitations. Firstly, the selected schools have not met the 

researchers' expectations, for example, representing schools of high, medium, and low 

quality. In addition, during the collection of research data that begins with learning, it is not 

fully controlled by the researcher, so the students who are the research samples are less 

conditioned. The research is only limited to algebraic materials (sequences and series, 

matrices, equations, and quadratic functions), and does not represent other mathematical 

materials, such as geometry and statistics. 
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Instrument of the Open Polytomous Response Test 
 

 
Name of  Student  : ………………………………. 
Class/Department : ………………………………. 
School    : ………………………………. 
 
Instructions :  Mark (x) one of the correct answer choices, and give the reason   
(use another piece of paper to write down your reason) 
 
 

1. Given an arithmetic sequence: 3, 8, 13, 18, ....  
The formula for the nth term of the sequence is .... 
A. Un = 5n – 3                C.    Un = 4n – 1 
B. Un = 5n – 2                D.   Un = 3n + 2 
C. Un = 4n – 1 
 
Reason: ..................................................... 
 

2.  Given an arithmetic sequence: 2, 5, 8, 11, …, 68.  
 The number of terms in the sequence is… 

A. 12                              D.   23 
B. 13                              E.   24 
C. 22 
 
Reason: ...................................................... 

3. An arithmetic sequence, the 5th term is 31 and the 
8th term is 46. The difference between the 
sequences is... 
A. 5                                D.    8 
B. 6                                E.   11 
C. 7 
 
Reason: ...................................................... 
 

4. The 4th and 9th terms of an arithmetic sequence are 
110 and 150. The 30th terms of the arithmetic 
sequence are... 

A. 308                            D.   344 
B. 318                            E.    354 
C. 326 

 
      Reason: .............................................................. 

5. An arithmetic sequence is: 3, 8, 13, 18, …, 103.  
Then the middle term of the sequence is … 
A. 53                             D.    11   
B. 52                             E.     10 
C. 20 
D. 11 
E. 10 
 
Reason: ....................................................... 
 

6.  Given the arithmetic sequence: 4, 10, 16, 22, …. . 
     If two  numbers are inserted in every two 
consecutive terms then the 10th term of the sequence  
is... 

A. 18                             D.   24 
B. 20                             E.   26 
C. 22 
 
Reason: ................................................................. 

 
7.   The nth term of an arithmetic series is Un = 3n – 5.  
       The formula for the sum of the first n terms of the 
       series is ... 

A. 𝑆𝑛 =
𝑛

2
(3𝑛 − 7)             D.    𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

B. 𝑆𝑛 =
𝑛

2
(3𝑛 − 5)             E.    𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

C. 𝑆𝑛 =
𝑛

2
(3𝑛 − 4) 

         Reason: ......................................................... 
 

8.  The sum of the first n terms of an arithmetic series.  
      Sn = n2 – 19n. The formula for the nth term of the  
     Series is...... 
 

A. 5n – 20                      D.   2n – 20 
B. 5n – 10                      E.    2n – 10 
C. 2n – 30 
 
Reason: .................................................................. 

9.  The sum of all integers between 100 and 300 which 
are divisible by 5 is ...𝑆𝑛 =

𝑛

2
(3𝑛 − 7) 

A. 8.200                               D.  7.600 
B. 8.000                               E.  7.400 
C. 7.800 
 
Reason: ........................................................ 
 

10.   PT. Angkasa Jaya in the first year produced 5,000 
units. In the second year, production was reduced 
by 80 units per year. In what year did the company 
produce 3,000 units? 
A. 24                               D.  27 
B. 25                               E.   28 
C. 26 
 
Reason: ............................................................... 
 
 

 
11.  The middle term of an arithmetic sequence is 25.  
If the difference is 4 and the 5th term is 21.  
         Then the sum of all the terms in the sequence is ... 

12. A number of candies are distributed among five 
children according to the rules of an arithmetic 
sequence. The younger the child, the more candy he 
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A. 175                                   D.   295 
B. 189                                   E.   375 
C. 275 
 
Reason: ........................................................ 
 

gets. If the second child receives 11 pieces of candy 
and the fourth child 19 pieces, then the total number 
of candies is... pieces 
A. 60                               D.    75 
B. 65                               E.    80 
C. 70  
 
Reason: ................................................................. 

 
13. The sum of the first n terms of a series is 2n2-n.  
        So the 12th term of the series is... 

A. 564                                   D.   45 
B. 276                                   E.   36 
C. 48 
 
Reason: ................................................................... 
 

14. The number of terms in the geometric sequence:  
         3, 6, 12, ..., 3072 is ... 

A. 9                                 D.   12 
B. 10                               E.    13 
C. 11 

 
        Reason: ................................................................... 
 

15.   A geometric sequence has the 2nd term is 8, and 
the 5th term is 64. The 7th term of the sequence is 
... 
A. 32                                     D.   256 
B. 64                                     E.   512 
C. 128 
 
Reason: ................................................................... 
 

16. The value of the middle term of the geometric 
sequence:  
6, 3, …, 3/512  is … 

𝐴.  
1

16
𝐷.  

4

16
 

𝐵.  
2

16
𝐸.   

5

16
 

𝐶.  
3

16
 

Reason:............................................... 
 

17.   A piece of wire is cut with the first piece being 8 
cm, and the next piece 1.5 times the previous cut. 
Then the 5th piece is... cm 
A. 18                                     D.   35 
B. 24                                     E.   40,5 
C. 27,5 
 
Reason: .................................................................... 

 

18.  The sum of an infinite geometric series is 12 and the 
first term is 9. The ratio is ... 
A. 

3

4
                                     D.  −

1

2
 

B. 
1

4
                                     E.  −

3

4
 

C. 
1

3
 

 
        Reason: .................................................................. 
 

19. A  ball falls from a height of 10 m and bounces 
back 3/4 times its previous height. The total 
number of paths until the ball stops is....  m 
A. 60                                    D.   90 
B. 70                                    E.   100  
C. 80  

 
       Reason: ........................................................ 

 

20. Given [4 8 5
6 3 1

] = [
2𝑎 𝑏 + 𝑎 5
6 3 1

].  

 
The value of  3a + b is ... 
A. 8                                    D.   14 
B. 10                                  E.   20 
C. 12 

 
       Reason: ......................................................... 

21. Given  𝐾 = [
𝑎 2 3
5 4 𝑏
8 3𝑐 11

]  and  𝐿 =

[
6 2 3
5 4 2𝑎
8 4𝑏 11

].  

 
If K = L, then c is  ... 
A. 12                                      D.   15 
B. 13                                      E.   16 
C. 14 
 
Reason: ................................................................ 
 

22. Given 𝐴 = [
1 2
3 4

] , 𝐵 = [
2 3
0 1

] , 𝐶 = [
5 2

−1 0
].  

 
Then  (A + C) – (A + B) is ... 

𝐴.   [
5 4
5 4

] 𝐷.   [
3 −1

−1 −1
] 

𝐵.   [
4 7
2 5

] 𝐸.    [
7 −1
1 −1

] 

𝐶.  [
4 0

−4 −4
] 

 
Reason: ..................................................................... 
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23. Given matrix  𝑃 = [
1 3 1
2 4 5
0 7 6

], then (𝑃𝑡)𝑡 adalah 

... 

𝐴.   [
1 2 0
3 3 7
1 5 6

]                         D.   [
0 7 6
2 4 5
1 3 1

] 

𝐵.   [
1 3 1
3 3 7
1 5 6

]                         E.    [
0 7 6
2 4 5
1 3 1

] 

𝐶.   [
1 3 1
2 4 5
0 7 6

] 

 
           Reason: ................................................................. 

 

24. Given matrix 𝐴 = [
2𝑥 −5
3 𝑦

], 𝐵 = [
𝑦 2
2 4

],  and 

𝐶 = [
8 −3
5 2𝑥

].   

 
If  A + B = C,  then  x + y = ... 
A. –5                                D.   3                                          
B. –1                                E.   5 
C. 1 
 
Reason: .......................................................... 
 

25. If  𝐴 = [3 5] and 𝐵 = [
1 4
2 6

],  then 2AB adalah 

... 
𝐴.   [13 42]                             D.   [13 84] 
𝐵.   [26 84]                             E.    [30 36] 
𝐶.   [26 42] 

 
 Reason: ................................................................... 

 
 

26. If  [ 1 −3
−2 4

], 𝐵 = [
−2 0
1 3

], and 𝐶 = [
3 −1
1 −2

] 

 
then  A(B – C) = ... 
 

𝐴.   [
−5 −14
10 18

]                       D.    [ 1 −2
−2 2

] 

𝐵.   [
−5 −4
10 6

]                          E.    [−7 19
−2 20

] 

𝐶.   [
1 −16

−2 22
] 

       Reason: .......................................................... 

27.  Matrix X  that satisfies  [1 2
3 4

] 𝑋 = [
4 3
2 1

]  is ... 

𝐴.    [
−6 −5
5 4

]                       D.    [ 4 −2
−3 1

] 

𝐵.    [
5 −6
4 5

]                          E.   [ 4 −2
−3 1

] 

𝐶.    [
−6 −5
4 5

] 

Reason: ............................................................ 

28. If  matrix 𝐴 = [
3 −𝑥
6 8

] is singular matrix.  

Value of x that satisfies is …. 
 
A.  – 5                                D.   3 
B. – 4                                 E.   4 
C. – 3 

 
       Reason: ........................................................... 

 

29. Given matrix A = [
0 2 3

−2 0 4
−3 −4 0

], then matrix 

determinant  A is ... 
A. 0                                      D.   2 
B. 1                                      E.   4 
C. 2 
 
Reason: ................................................................ 

 
 

30. Transpose matrix P adalah PT. If 𝑃 = [
4 7
3 5

] then 

matrix (PT) – 1 is  ... 

𝐴.    [
−5 7
3 −2

] 𝐷.   [
−3 5
4 −7

] 

𝐵.   [
3 −4

−5 7
] 𝐸.   [

4 −3
−7 5

] 

𝐶.   [
−5 3
7 −4

] 

Reason: ................................................................... 

31. Given 𝐴 = [
4 3
2 2

] and 𝐵 = [
5 2
3 1

].  

Inverse matrix AB adalah (AB) – 1 = ... 

𝐴.   
1

2
[
−6 11
16 −29

] 𝐷.  −
1

2
[

6 11
16 29

] 

𝐵.   
1

2
[
29 11
16 6

] 𝐸.   −
1

2
[
−6 11
16 −29

] 

𝐶.  −
1

2
[
29 11
16 6

] 

Reason: ............................................................... 
 

32. The roots of the quadratic equation  3 dan – 4 are ... 
𝐴.   𝑥2 + 𝑥 − 12 = 0 
𝐵.   𝑥2 − 𝑥 − 12 = 0 
𝐶.   𝑥2 − 𝑥 + 12 = 0 
𝐷.   𝑥2 − 3𝑥 + 4 = 0 
𝐸.   𝑥2 − 4𝑥 + 3 = 0 
 
Reason: ..................................................................... 

33. The roots of the quadratic equation5𝑥2 + 4𝑥 −
12 = 0 are … 
𝐴.  − 2 dan 

5

6
𝐷.   − 2 dan −

6

5
 

𝐵.   2 dan −
5

6
𝐸.   − 2 dan 

6

5
 

𝐶.   2 dan 
6

5
 

 
Reason: ................................................................. 
 

34. The roots of the equation𝑥2 − 2𝑥 − 3 = 0 are 𝑥1 
and 𝑥2.  If 𝑥1 > 𝑥2, then  𝑥1 − 𝑥2 is  … 
𝐴.   − 4                                        D.  2 
𝐵.   − 2                                        E.  4 
𝐶.   0 

 
       Reason: .......................................................... 
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35. The roots of the quadratic equation2𝑥2 − 3𝑥 −

9 = 0 are  𝑥1 dan 𝑥2.  Value of  𝑥1
2 + 𝑥2

2  is  … 
 

𝐴.   11
1

4
                                       D.  −6

3

4
 

𝐵.   6
3

4
𝐸.  − 11

1

4
 

𝐶.   2
1

4
 

 
Reason: .............................................................. 
 

36. The roots of the quadratic equation:  
𝑥2 + 2𝑥 + 3 = 0 are α dan β. The quadratic 
equation(α – 2) dan (β – 2) is  … 
a. 𝑥2 + 6𝑥 + 5 = 0 
b. 𝑥2 + 6𝑥 + 7 = 0 
c. 𝑥2 + 6𝑥 + 11 = 0 
d. 𝑥2 − 2𝑥 + 3 = 0 
e. 𝑥2 + 2𝑥 + 11 = 0 
 
Reason: ......................................................... 
 

37.  A quadratic function that has a minimum value 2  
for  x = 1 and has a value of 3 for x = 2 is … 
A. 𝑦 = 𝑥2 − 2𝑥 + 1 
B. 𝑦 = 𝑥2 − 2𝑥 + 3 
C. 𝑦 = 𝑥2 + 2𝑥 − 1 
D. 𝑦 = 𝑥2 + 2𝑥 + 1 
E. 𝑦 = 𝑥2 + 2𝑥 + 3 
 
Reason: ............................................................. 
 

 

38. The figure  below is a graph of the quadratic 
equation ? … 
𝐴.   𝑦 = 𝑥2 + 2𝑥 + 3 
𝐵.   𝑦 = 𝑥2 − 2𝑥 − 3 
𝐶.   𝑦 = −𝑥2 + 2𝑥 − 3 
𝐷.   𝑦 = −𝑥2 − 2𝑥 + 3 
𝐸.   𝑦 = −𝑥2 + 2𝑥 + 3 

 
       Reason: ......................... 

39.  If f is a quadratic function whose graph passes 
through the points (1,0), (4,0) and (0, –4) then the 
value of f(7) is … 
A.  – 16                                    D.  – 19 
B. – 17                                     E.   – 20 
C. – 18 
 
Reason: ...................................................... 
 

40. The graph equation of a quadratic function has an 
extreme point  (–1, 4) and through (0, 3) is  … 

𝐴.   𝑦 = −𝑥2 + 2𝑥 − 3𝐷.   𝑦 = −𝑥2 − 2𝑥 − 5 
𝐵.   𝑦 = −𝑥2 + 2𝑥 + 3𝐸.   𝑦 = −𝑥2 − 2𝑥 + 5 

𝐶.   𝑦 = −𝑥2 − 2𝑥 + 3 
 
Reason: .............................................................. 
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Developing Assessment Instrument Using Polytomous Response 
in Mathematics 

 

Abstract: This research is a developmental research aiming at developing a good 

mathematical test instrument using polytomous responses based on classical and modern 

theories. This research design uses the Plomp model, which consists of five stages, (1) 

preliminary investigation, (2) design, (3) realization/construction, (4) revision, and (5) 

implementation (testing). The study was conducted in three vocational schools in Lampung 

Province, Indonesia. The study involved 413 students, consisting of 191 male and 222 female 

students. The data were collected through questionnaire and test. The questionnaire was used 

to identify the assessment instruments currently employed by teachers and to be validated by 

the experts of mathematics and educational evaluation. The test used open polytomous 

response test numbering of 40 items. The data were analyzed using both classical and modern 

theories. The results show that (1) open polytomous response test has a good category 

according to classical and modern theory. However the discrimination power of test items in 

classical theory need several revisions, (2) the assessment instrument using polytomous 

response of open multiple choice can guarantee information on the actual competence of 

students. This is proven by the fact that there is a harmony between the analysis result 

obtained from classical and modern theory from the students' arguments when giving reasons 

for their choices. Therefore, the open polytomous response test can be used as an alternative 

to learning assessment.  

Keywords: Assessment instrument, classical and modern theory, vocational school,  

polytomous responses 

 

Introduction 

Assessment is an important activity that needs to be administered by teachers in schools. 

Conventional paradigm often interprets assessment as a way to find out the achievement of 

student learning outcomes as a whole, so that the assessment is positioned as a separate 

activity from the learning process (Syaifuddin, 2020). Referring to the current paradigm, 

Attachments: 5th Revision_Article Sugeng Sutiarso et al.docx    Wed, Apr 20, 2022 at 2:31 PM 
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assessment in schools is divided into three types, e.g., assessment as learning, assessment for 

learning, and assessment of learning (Wulan, 2018). The three types of assessments aim to 

provide recognition of the achievement of student learning outcomes after the learning 

process (Earl, 2013). Below is the assessment pyramid (Figure 1). 

 

Figure 1. Assessment Pyramid 
 

Assessment can be administered through a test. A test is a tool or procedure used to find out 

or measure students' abilities in particular areas with certain rules (Arikunto, 2012). A test 

consists of two types, namely multiple-choice and essay. A multiple-choice test is a form of 

assessment in which each item provides options, and one of the options is the correct answer. 

An essay test is a form of assessment that requires answers in sentences or words. Each type 

of test has its own strengths or weaknesses. The strengths of multiple-choice test over essay 

test are firstly, the can be conducted for many students, it is more objective, and the test 

results can be obtained more quickly. In addition to the strengths, it has several weakness. 

Multiple-choice test is not able to potray the actual abilities of students, the answers of this 

test tend to be guessing game or trial and error (Rosidin, 2017). In addition, the strength of 

the multiple-choice test has a scoring certainty compared to the essay test, namely 1 and 0 

(score 1 for the correct answer, and 0 for the wrong answer). Multiple-choice test with only 

two answer choices are called "dichotomous test," and multiple-choice test with more than 

two answer choices are called "polytomous test" (Kartono, 2008). 

Until quite recently, multiple-choice test has been widely used by teachers to assess students' 

abilities, especially those with a large number and a wide area of expertise. To reduce the 
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weakness of multiple-choice test, in the last four decades, experts have developed multiple-

choice test by combining multiple-choice test and essay into multiple-choice test with reasons 

or hence forth called as polytomous response test (Suwarto, 2012). The polytomous response 

test score ranges from 1 – 4 in which score 4 for the correct answer and reason, score 3 for 

the correct answer but the wrong reason, score 2 for the wrong answer but the correct reason, 

and score 1 for the wrong answer and reason (Kartono, 2008). 

In 1980s, the first test that was focused on and developed by experts was the closed 

polytomous response test, also known as the two-tier test (Treagust, 1988). This test consists 

of two levels: the first is choosing answers on the multiple-choice test, and the second level is 

choosing reasons based on the answer choices at the first level (Chandrasegaran et al., 2007).  

Several studies on the closed polytomous response test have been carried out, such as, test on 

mathematical ability in middle school (Hilton et al., 2013; Rovita et al., 2020), test on 

calculus material (Khiyarunnisa & Retnawati, 2018), test on higher order thinking 

mathematical skills (Sundari, et al., 2021), and test on mathematical connection material 

(Lestari et al., 2021). Although the closed polytomous response test has been widely 

developed, researchers have found weaknesses in the test, such as students' misconceptions or 

students' actual competence cannot be identified in detail (Antara et al., 2019), the test 

instrument is difficult to construct (Khusnah, 2019), and student answers are still guessed 

(Myanda et al., 2020). However, there are strengths in the closed polytomous response test, 

such as the consistency of student answers errors, which is easily observed (Treagust, 1988), 

and the suitability between the student's answer choices and the reason is easy to know (Diani 

et al., 2019). 

To reduce the weakness of the closed polytomous response test, the experts modified the test 

into open polytomous response test. Open polytomous response test is a form of multiple-
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choice test that provides a place to write arguments for the answer choices (Retnawati, 2014). 

The studies on the open polytomous response test that have been carried out are test on 

calculus material in universities (Yang et al., 2017) and test on mathematics material in senior 

schools (Ayanwale, 2021) and junior schools (Falani et al., 2020). These studies developed  

open polytomous response test for students in college, and senior or junior school. Students in 

college, and senior or junior school learn mathematics as a primary subject, while students in 

vocational schools learn mathematics as a secondary subject (Oktaria, 2016). In addition, 

students in vocational schools are more oriented towards practical abilities and skills, in 

contrast to students in college or high school who are more academically oriented, including 

in Indonesia (Permendikbud, 2016). 

Currently, the Indonesian government expects that vocational schools is not academically left 

behind especially in mathematics. The government's commitment is to improve the method of 

assessing student learning in vocational school, and the current assessment method is using 

polytomus test. Often, students pay less attention during math exams for several reasons, such 

as considering mathematics as an unimportant subject (Putri et al., 2017), mathematics as a 

complicated subject (Vani et al., 2019), and mathematics as a boring subject (Ikmawati, 

2020). Therefore the students tend to answer the test by guessing. To avoid the tendencies, it 

is necessary to develop a polytomus response test (closed or open). By considering the 

disadvantages of the closed polytomous response test, it is reasonable to conduct research by 

developing open polytomous response test for students in vocational schools. 

The test instrument developed must be reliable as a good test, and therefore it is necessary to 

analyze the quality of test items (Rosidin, 2017). There are two theories for analyzing item 

quality, namely classical and modern. Classical theory is a measurement theory for assessing 

test based on the assumption of measurement errors between actual results and observations, 
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and from the assumption, a formula for calculating the level of difficulty and item 

discrimination was developed (Hambleton & Jones, 1993). The modern theory is a 

measurement theory to assess students' abilities by comparing students' abilities with their 

group abilities and it is known as Item Response Theory/IRT (Hambleton & Linden, 1982). 

Classical theory is widely used by teachers because it is easy to apply. However, this classical 

theory has a weakness, namely, it cannot separate the characteristics of students and items. 

The modern theory is a solution to overcome the weaknesses of the classical theory because 

in the modern theory, an item does not affect other items (local independence), items only 

measure one dimension (unidimensional) (Anisa, 2013), and an item eliminates the 

relationship between respondents and items (parameter invariance) (Saepuzaman et al., 

2021). Therefore, experts suggest that the test instrument is accountable; the quality of the 

items must be good according to the analysis of classical and modern theory (Retnawati, 

2014). 

Therefore, the aim of the research is to develop a good mathematical test instrument using 

polytomous responses according to classical and modern theories in vocational schools. The 

research problems are stated as follows: (1) Does the open polytomous response test 

developed have a good category so that it can be used as an assessment instrument in 

vocational schools based on classical and modern theory?, and (2) Does the open polytomous 

response test instrument developed provide information on students' actual competence in 

vocational schools? 
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Methodology 

Research Design 

This research is a research and development model that refers to Plomp’s model (Plomp, 

2013), with the research procedure consisting of five stages: preliminary investigation, 

design, realization or construction, test phase, revision, and implementation (test). 

 

 

 

 
Figure 2. Stages of Research Design 

The preliminary investigation stage is to identify the current assessment instruments used by 

teachers. The design stage is to make the open polytomous response test grid according to the 

basic competencies of mathematical concepts and to make a quality assessment questionnaire 

sheet. The realization/construction stage is developing the items test validated by an expert 

process for the items test. The revision stage is the improvement of items on the test based on 

expert advice. The implementation (testing) stage is to try out the test on students and to 

analyze the results of the test. 

 Research Subject 

The subjects of the study were students of vocational schools situated in the province of 

Lampung, Indonesia. The research sample was determined using a non-probability sampling 

technique in the form of accidental sampling, which means taking a subject based on a 

subject that is easy to find and ready to be a respondent (Malhotra, 2006). The selected 

schools were three schools as representatives, namely the Mitra Bhakti vocational school, the 

Praja Utama vocational school, and the Ma'arif NU vocational school. The research subjects 

were 413 students in grade I (male students = 191, and female students = 222), whose 

Realization/construction Design Preliminary investigation 

Implementation (Test) Revision 



7 
 

mathematical abilities on the National Exam (NE) were categorized as moderate (average 

64.67 out of the ideal score of 100). The following are the characteristics of the research 

subjects in detail shown in Table 1. 

Table 1. Research Subjects 

Vocational Schools Grade 
The Number of Students 

Average of NE 
Total Male  Female 

Mitra Bhakti 
I-A 13 5 8 64.24 
I-B 23 10 13 62.4 
I-C 29 9 20 65 

Praja Utama 

I-A 40 40 0 64 
I-B 39 39 0 64.62 
I-C 43 15 28 68.72 
I-D 38 15 23 67.9 
I-E 41 14 27 67.56 
I-F 40 17 23 63.38 
I-G 40 8 23 67.74 

Ma’arif NU 
I-A 31 14 17 62.1 
I-B 36 5 51 58.34 

Total 413 191 222  64.67 

 

Data Collection Techniques 

Data were collected using a questionnaire and a test. The questionnaire contains several 

questions to the teacher about the instrument for assessment used by the teacher and also 

expert validity of the instrument developed to determine content validity (Suhaini et al., 

2021). The instrument was validated by two raters who have expertise in mathematics and 

educational evaluation. The three aspects assessed by the expert were the suitability of the 

items with the indicators, language, and alternative answers to the questions. The score 

validating the instrument follows the criteria as in Table 2 below. 

Table 2. Content Validity Score 

Description Score 
Irrelevant 1 

Quite relevant 2 
Relevant 3 

Very relevant 4 
 

After determining the content validity, the instrument was tested to students. Then, it was 

continued by determining the validity of the construct and its reliability to ensure that the 

instrument could be further analyzed. 
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The instrument used was the open polytomous response test, which consisted of 40 questions 

on the concepts of sequences and series (arithmetic and geometry), quadratic equations and 

functions, and matrices. Each item contained five answer choices along with the reasons. 

Student scores are referred to the polytomous score in the Partial Credit Model, where answer 

choices and reasons were related (Retnawati, 2014), as shown in Table 3 below. 

Table 3.  Scores for Student Answers 

Student Answers 
Score 

Answer Options Reason 
False False 1 
False Right 2 
Right False 3 
Right Right 4 

 

Data Analysis 

The collected data were analyzed in two stages: (1) questionnaire data analysis (qualitative 

analysis) and (2) test data analysis (empirical analysis).The following is an explanation of 

each data analysis: 

1. Questionnaire data analysis (qualitative analysis) 

There are two sets of questionnaire data namely, identification of assessment instruments in 

schools and expert assessment of the assessment instruments developed. The results of the 

two questionnaires were analyzed descriptively. Specifically for expert judgment, it was 

continued with an analysis of expert agreement that used the Gregory index formula 

(Gregory, 2015), namely: 

         V = 
𝐷

𝐴+𝐵+𝐶+𝐷
 

Description: 
   V = Content Validity 
   A = Rater 1 and 2 are weak 
   B = Rater 1 is strong, and rater 2 is weak 
   C = Rater 1 is weak, and rater 2 is strong 
D = Rater 1 and 2 are strong 
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The interpretation of Gregory's formula is that the number V is in the range of 0 to 1. The 

higher the number V (close to 1 or equal to 1), the higher the value of the validity of an item. 

Conversely, the lower the number V (close to 0 or equal to 0), the lower the validity of an 

item. 

2. Test data analysis (empirical analysis) 

After conducting the content validity test, the researchers conducted the construct validity 

and reliability test. The construct validation test used exploratory factor analysis. The 

instrument is considered to having good construct if the explained Kaiser-Meyer-Olkin 

(KMO) value is greater than 0.5 (Retnawati, 2014). Reliability test using Cronbach's alpha 

formula The instrument is said to have good reliability if the coefficient value of Cronbach's 

Alpha is 0.60 (Arikunto, 2012). If the instrument has good construct validation, further test 

can be analyzed, namely the level of difficulty and item discrimination. The reason for 

analyzing the level of difficulty and item discrimination is that they are both preliminary 

analyses of the assumptions of measurement theory (Hambleton & Jones, 1993). To simplify 

the process of analyzing the level of difficulty and item discrimination, the Iteman program 

was used for classical theory and the Winsteps program for modern theory (Sarea & Ruslan, 

2019). The Winsteps program was used because it had several advantages; namely, it can 

analyze polytomous data and calculate the maximum likelihood model using a 1-parameter 

logistic model (Untary et al., 2020). 

2.1 Analysis of test data with classical theory 

a. The item difficulty level is the percentage of the number of students who answered 

correctly or incorrectly. If the item has an index of 0.3-0.7, then the item is good; if 

the item has an index below 0.3, then the item is difficult; and if the item has an index 

above 0.7, then the item is easy. 
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b. Discrimination is the ability of a test to distinguish between high-ability students and 

low-ability students. Discrimination is said to be good if it has an index above 0.3, 

and if the discrimination index is below 0.3, then the question needs to be revised 

(Arikunto, 2012). 

2.2 Analysis of test data with modern theory 

a. The item difficulty level is the level of the student's latent trait towards the item. The 

difficulty of the items determines the ability of about 50% of the respondents who are 

expected to answer items correctly (DeMars, 2010). An item is said to be good if it 

has an index of between -2 and +2 (Hambleton & Swaminathan, 1985). If the index is 

close to -2, then the item is classified as very easy, and if the index is close to +2, the 

item is classified as very difficult (Retnawati, 2014). In the Winsteps program, the 

item difficulty level is in the Measure column. 

b. Item discrimination is indicated by the slope of the curve on the item characteristics. 

The item is said to have good discrimination if the slope of the curve is moderate (not 

too gentle or steep), because if the slope of the curve is too gentle or steep, then the 

item is not good. Another opinion states that a good index is above 0.4 (Crocker & 

Algina, 1986). In the Winsteps program, the item discrimination is in the Pt-Measure 

Corr column. 

According to modern theory, before analyzing the item difficulty level and discrimination, 

three assumptions must be tested, namely unidimensionality, local independence, and model 

fit (Hambleton et al., 1991). Unidimensional means that each test item only measures one 

ability. There are three ways that are often used to test unidimensionality, namely the analysis 

of the Eigenvalue of the correlation matrix between items, the Stout-test on the 

unidimensional assumption test, and the index based on the residuals of the unidimensional 
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solution (DeMars, 2010). In this study, the dimensional test used the Eigenvalue analysis of 

the correlation matrix between items. 

Local independence is the state of the respondent's answer to an item that is not influenced by 

other items. Local independence test by proving that the probability of the respondent's 

answer pattern is the same as the probability of the respondent's answer to each item. If the 

unidimensional assumption is accepted, the local independence assumption will also be 

accepted (DeMars, 2010). Use the Model Fit Test to find out whether the model used is in 

accordance with the items. Test the fit of the model by measuring the outfit mean square 

(MNSQ) and PT-Measure. If the outfit MNSQ value is 0.5 to 1.5 and the Pt-Measure Corr is 

positive, it is said that the item fits the model (Linacre, 2012). In addition, the information 

function and standard error measurement (SEM) are analyzed, which aims to further explain 

the latent ability as measured by using a test that is expressed through item donations. 

Findings/Results 

Analysis of Questionnaire Data 

Based on the results of the questionnaire, it was found that the teacher had never used the 

polytomous response. As many as 80% of teachers used essay test and 20% of teachers used 

multiple-choice test, with each instrument consisting of 2-5 items. In addition, about 10% of 

teachers used this assessment as a means for learning improvement, such as improving lesson 

plans and teaching methods. The results of the questionnaire stated that 90% of teachers who 

did not use assessment as an improvement in learning were caused by several aspects, such 

as: teachers did not understand assessment (20%), teachers did not know how to analyze 

assessments (50%), and teachers did not know how to develop good assessment questions 

(30%). The following is the summary of the questionnaire from the identification data. 
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Figure 3. Description of Teacher Conditions in Assessment 

Content Validity 

The results of the two expert assessments showed that the content validation instrument is 

good. Furthermore, the analysis of expert judgment agreement was obtained as shown in 

Table 4 below. 

Table 4. The Gregory Item Index 
 Rater 1 

Weak strong 

Rater 2 
weak 0 0 
strong 0 40 

Index Gregory 1 
 

Based on the results of the assessment in Table 4, it can be concluded that the instrument is 

valid because the value of V reaches a value of 1. Therefore, the instrument test can be 

continued. In addition to providing assessments, the experts also provided some suggestions 

for improvements to the instrument, namely the preparation of questions using the ABCD 

format (Audience, Behavior, Competence, and Degree), avoiding the use of ambiguous 

language or statements, improving mathematical concepts, making alternative answer choices 

that are misleading, and arranging them in order. 
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Analysis of Test Data 

Construct Validity 

After testing the instrument, it was followed by a construct validity test. The results of the test 

with exploratory factor analysis are shown in Table 5. 

Table 5. Exploratory Factor Analysis 

KMO and Bartlett's Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
Bartlett's Test of Sphericity Approx. Chi-Square 1936.378 

Df 780 
Sig. .000 

 

Based on Table 5, the explained KMO value is 0.76 (more than 0.5), and it can be concluded 

that the variables and samples used to allow for further analysis. 

 
 Reliability 

The results of the estimation of the reliability of the instrument obtained a Cronbach's Alpha 

coefficient value is 0.89 (more than 0.6). It means that the instrument has good reliability so 

that the analysis of the level of difficulty and item discrimination can be continued according 

to classical and modern methods. 

Table 6. Reliability of Items 

Cronbach’s Alpha N of Items 
0.892 40 

 

Analysis of Test Data with Classical Theory 

Analysis of test data in the classical way did not require testing assumptions, but the analysis 

of the difficulty level of the items and the distinguishing power of items could be directly 

calculated if the validity and reliability have been met. The results of the two analyses are 

presented in Table 7 below. 

Table 7. The Item Difficulty Level and Discrimination 
Item Difficulty 

Level 
Category Discrimination Category Item Difficulty 

Level 
Category Discrimination Category 

1 0.538 good 0.196 Revised 21 0.482 good 0.143 revised 
2 0.487 good 0.179 Revised 22 0.535 good 0.429 good 
3 0.528 good 0.214 Revised 23 0.492 good 0.250 revised 
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4 0.540 good 0.304 Good 24 0.438 good -0.071 Revised 
5 0.489 good 0.089 Revised 25 0.436 good -0.107 Revised 
6 0.446 good -0.161 Revised 26 0.385 good -0.286 Revised 
7 0.438 good -0.232 Revised 27 0.383 good -0.321 Revised 
8 0.453 good -0.143 Revised 28 0.416 good -0.143 Revised 
9 0.414 good -0.143 Revised 29 0.458 good -0.125 Revised 
10 0.409 good -0.339 Revised 30 0.385 good -0.375 Revised 
11 0.438 good -0.143 Revised 31 0.404 good -0.321 Revised 
12 0.436 good -0.036 Revised 32 0.433 good -0.250 Revised 
13 0.400 good -0.321 Revised 33 0.441 good 0,036 Revised 
14 0.450 good -0.036 Revised 34 0.424 good -0.268 Revised 
15 0.462 good 0.250 Revised 35 0.412 good -0.321 Revised 
16 0.453 good -0.089 Revised 36 0.431 good -0.304 Revised 
17 0.416 good -0.143 Revised 37 0.404 good -0.232 Revised 
18 0.419 good -0.196 Revised 38 0.363 good -0.482 Revised 
19 0.431 good -0.232 Revised 39 0.230 good -0.929 Revised 
20 0.441 good -0.089 Revised 40 0.211 good -1.071 Revised 

 

Based on Table 7, it was found that all items have an item difficulty level in the index range 

of 0.3 to 0.7, so they are categorized in the good category. Meanwhile, only two items on 

discrimination had good categories, and the remaining items needed to be revised. The results 

indicated that all items were good based on the level of difficulty, but almost all items needed 

to be revised for item discrimination. 

 
 Analysis of Test Data with Modern Theory 

The Unidimensional Assumption Test 

The unidimensional assumption test is the first assumption test with factor analysis. Factor 

analysis begins by testing the adequacy of the sample to be used in the analysis, constructing 

a variance-covariance matrix, and then calculating the Eigenvalue. The Eigenvalue was then 

used to calculate the percentage of explained variance, as well as to describe the scree plot 

(Retnawati, 2014). The output of factor analysis was the Kaiser-Meyer-Olkin Measure of 

Sampling Adequacy (KMO) statistic and scree plot. 

Table 8. The KMO Test 

KMO Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
 Sig. .000 

 

The unidimensional test is seen based on the cumulative percentage of Eigenvalue and scree 

plot analysis results. If the cumulative percentage of the first factor Eigenvalue is greater than 
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20%, then the unidimensional assumption is fulfilled (Retnawati, 2014). In Table 9, it can be 

seen that the cumulative percentage of the first factor Eigenvalue is 20.220%. Because the 

Eigenvalue is more than 20%, this instrument is proven to only measure one factor or 

dimension. 

Table 9. Total Variance Explained 

Component 
Initial Eigenvalue 

Total Variance (%) Cumulative (%) 
1 8.088 20.220 20.220 
2 1.458 3.646 23.865 

 

In addition, the unidimensional test can also be seen on the scree plot, which is based on the 

number of factors marked by the steepness of the graph with the acquisition of Eigenvalue. 

 

Figure 4. Scree Plot Unidimensional 

Based on the scree plot, it is known that the Eigenvalue immediately slope on the second 

factor. It demonstrates that the developed instrument has only one dominant factor.The 

results prove that the test kit meets the unidimensional assumption, or in other words, only 

measures one dominant factor. 

Local Independence Assumption Test 

The local independence assumption test will be fulfilled if the student's answer to one item 

does not affect the student's answer to another item. Thus, the score of one item should not be 
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determined or dependent on the scores of other items. This confirms that this assumption 

automatically proves that students' answers do not affect answers to other items  (Retnawati, 

2014). 

Table 10. The Covariance Matrix. 
 K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 

K1 0.0486                

K2 0.012 0.0042               

K3 0.0105 0.0034 0.0032              

K4 0.0317 0.0106 0.0093 0.0293             

K5 0.01 0.0032 0.0029 0.0085 0.0028           

K6 0.0069 0.0023 0.0021 0.0062 0.002 0.0016         

K7 0.0036 0.0011 0.0009 0.0028 0.0009 0.0007 0.0004       

K8 0.0041 0.0015 0.0012 0.0037 0.0011 0.0008 0.0004 0.0006     

K9 0.0074 0.0024 0.0022 0.0065 0.002 0.0015 0.0007 0.0009 0.0017   

K10 0.021 0.0061 0.0054 0.0148 0.0051 0.0039 0.0017 0.0025 0.0043 0.0196 

 

Table 10 shows the results of the variance-covariance values between groups of students' 

abilities. In the table, it can be seen that the covariance value between the ability interval 

groups located on the diagonal is small and close to zero. This result shows that there is no 

correlation, so it can be said that the local independence assumption test is accepted. 

Model Fit 

The model fit test was analyzed using the Winsteps program. The item requirements are 

called "fit to the model".  If the Outfit MNSQ value is 0.5 to 1.5 and the Outfit ZSTD value is 

-2 to 2, and the Pt-Measure Corr is positive, then it can be said that the item fits the model 

(Sumintono & Widhiarso, 2015). An item is considered fit if one of the conditions is 

accepted. In addition, it can also be seen from the MNSQ infit of 0.77 to 1.3, but at this stage, 

the fit of the model is only taken on the MNSQ and Pt-Measure outfit values. Based on the 

results of the analysis, all items matched the model or fit (Figure 5). 
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Figure 5. Item Fit on Model 

 
The Item Difficulty Level 

The item difficulty level was analyzed using the Winsteps program, and the results obtained 

was be presented in Table 12 (Measure column). The item difficulty level is in the range of -

0.70 to 0.84. From Table 12, the highest difficulty level is item 40 (difficulty level 0.84), and 

the lowest difficulty level is item 1 (difficulty level -0.70). Since the difficulty level is in the 

range of 2 and 2, it can be concluded that all items are in the good category. If further divided 

into three categories, the difficulty level of items in the range of -0.7 to 0.84 is moderate 

(Sumintono & Widhiarso, 2015). It can also be seen on the difficult map items, namely that 

the difficulty level is in the range of -2 and 2. 
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Figure 6. Item Difficulty Level 

 

 

Figure 7. Item Difficulty Map 
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The Item Discrimination 

The item discrimination analysis used the Winsteps program, and the results are presented in 

Figure 8 (column PT-Measure Corr). Item discrimination is in the range of 0.23 to 0.74, with 

details of 27 items having an index above 0.4 (good category), and 13 items having an index 

below 0.4 (bad category). However, the 13 items can be used as an instrument as long as the 

index is above 0 (Alagumalai et al., 2005). 

 
Figure 8. Item Discrimination 

 
Comparative Analysis Between Classical and Modern Theory 

The results of the analysis of classical and modern theories obtained the index of difficulty 

level and item discrimination as follows. 
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Table 11. Comparison of Classical and Modern Theories 

Parameter 
Classical Theory Modern Theory 

Many Items with 
Good Categories 

Percentage Many Items with 
Good Categories 

Percentage 

Difficulty level 40 100 40 100 
Item discrimination 2 0.05 27 67.5 

 
Based on Table 11, the level of item difficulty analyzed by classical and modern theory has 

the same results (good category). However, item discrimination using modern theory has 

more items in the good category than using classical theory. If we compare the index of 

discriminatory items between classical (Table 7) and modern (Figures 6 and 8), it can be seen 

that there is a match between the categories of item discrimination. It means that if item 

discrimination is not good with the classical theory, then item discrimination is also not good 

with the modern theory (13 items correspond to the item discrimination index, and 27 do not 

match). 

Information and Measurement Error (SEM) Function 

The function of information to reveal latent ability was measured by using a test that was 

expressed through item donation. The test information function is also the sum of the 

functions of each item. The information function is inversely proportional to measurement 

error, or standard error measurement (SEM). The value of the information function of the test 

device will be high if the items that make up the test have a high information function. The 

following is a picture of the curve of the relationship between the information function and 

SEM. 

 

Figure 9. Graph of Information Function and Measurement Error 



21 
 

Figure 9 shows that this instrument provides information of 22.36 (maximum) and has a 

measurement error of 0.21 (smallest) for medium-ability students. The lower and upper limits 

of the interval are the ability scores where the graph of the information function and the SEM 

graph intersect at that interval. This graph states that the greater the value of the information 

function, the smaller the measurement error (SEM), and the item information function 

expresses the strength or contribution of the test items in revealing the latent trait as measured 

by the test. This information function provides a description of the item according to the 

model (which helps with item selection) (Retnawati, 2014). These results conclude that this 

test instrument is suitable for students with medium abilities. 

Based on the test results, it can also be seen that the actual competency information of 

students in vocational school based on the test answers. Instrument analysis is based on two 

patterns of student answers that have the same tendency based on Bloom's Taxonomy 

(Bloom, 1956). A total of six student answers were selected as samples with different abilities 

(high, medium, and low). 

Item 1: The cognitive domain to be achieved is C2 (Understanding). Based on students' 

answers, the two dominant patterns of student answers are: (1) students have understood the 

general form of arithmetic sequences and know the first term and other terms, and (2) 

students have not been able to formulate general forms in arithmetic sequences and perform 

algebraic operations on general forms arithmetic sequence. 

 Question 1: Pattern 1: Pattern 2: 

 

  

Figure 10. An ExampleofStudent Answers in Item 1 
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Item 2: The cognitive domain to be achieved is C2 (understanding). Based on students' 

answers, the two dominant patterns of student answers are (1) being able to understand the 

number of terms in a sequence by using the general formula for an arithmetic sequence, or 

determining the number of arithmetic sequences without using a general formula (only 

writing down all the terms from the first term until the last term), and (2) students who can 

already use the general formula for arithmetic sequences but have not been able to determine 

the number of arithmetic sequences because of errors in performing algebraic operations on 

general arithmetic sequences. 

Question2: Pattern 1 Pattern 2 

 
  

Figure 11. An ExampleofStudent Answers in Item 2 

Item 3: The cognitive domain to be achieved is C3 (applying). Based on students' answers, 

the two dominant patterns of student answers are: (1) students have understood and 

determined the difference between two non-adjacent arithmetic sequences using the general 

formula for arithmetic sequences, and (2) other students can determine the number of 

arithmetic sequences even though they are not using a general formula or by writing the 

terms of the known terms and inserting several terms. 

Question 3: Pattern 1 Pattern 2 

 
 

 
 

Figure 12. An Exampleof Student Answers in Item 3 
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Item 4: The cognitive domain to be achieved is C3 (applying). Based on students' answers, 

the two dominant patterns of student answers are: (1) students have understood and can 

determine the nth term in an arithmetic sequence that is known to be two non-adjacent terms 

using the general formula for arithmetic sequences, and (2) students cannot determine the 

number of arithmetic sequences because it does not use a general formula but by writing the 

terms of the known terms and inserting several terms and continuing until the nth term. 

Question  4: Pattern 1 Pattern 2 

 
  

Figure 13. An Example of Student Answers in Item 4 

Item 5: The cognitive domain to be achieved is C1 (remembering). Based on students' 

answers, the two dominant patterns of student answers are: (1) students have understood and 

determined the middle term of an arithmetic sequence, and (2) students can determine the 

middle term of an arithmetic sequence but do not use general formulas, but rather by writing 

the terms from known terms and inserting several terms and then defining them. 

Question 5: Answer Pattern 1 Answer Pattern 2 

 
 

 

Figure 14. An Example of Student Answers in Item 5 

Description of Instrument Development and Student Ability 

The instrument developed from this research is the open polytomous response test, and all 

parameters have been accepted. This instrument is a combination of a multiple-choice test 
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and an essay. Multiple choice test are easier to check students' answers, but their 

mathematical thinking processes cannot be known in depth. While the essay test has the 

advantage of being able to find deeper mathematical thinking processes, it takes a long time 

to check the answers. 

Analysis of learning instruments is an important source of composite scores in the final 

report. In the final report, the student's ability score was first changed to a score of 0–10 

(previously 0–100). The conversion is done through a linear transformation by dividing the 

student's score by the ideal score, then the result is multiplied by 10 to get a value range of 0–

10, or multiplied by 100 to get a value range of 0–100. In the range of 0–10, the scores of 

students' mathematical ability were 8.56 (highest) and 4.31 (lowest), or in the range of 0–100, 

students' math ability scores were 85.6 (highest) and 43.1 (lowest). 

The results of the analysis of student abilities are presented in the form of predicates ranging 

from very low to very high according to the specified category. The results of this analysis 

show that most students have very low to medium abilities, as much as 62% (253 students), 

and the remaining 38% (160 students) have high and very high abilities. Other analysis 

results found that high and very high-ability students tend to work according to concepts with 

more creative completion steps (different from the teacher's example), but students who have 

very low to medium abilities can solve problems according to concepts with less creative 

completion steps (e.g., routine or according to the teacher's example). 

Other results show that the assessment with an open response polytomus makes it easier for 

teachers to explore students' difficulties with a material. Then, from this exploration, the 

teacher can continue with improvements for students who have learning difficulties. An 

important finding of this study is that information about students' learning difficulties through 
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the open polytomus response test is more secondhand and complete than other assessment 

instruments, such as multiple choice test (Gierl et al., 2017) or essay test (Putri et al., 2020). 

Discussion 

This research is a development research aimed at developing a good mathematical assessment 

instrument using polytomic responses according to classical and modern theories. The results 

of the data analysis found that there were differences in the results of the analysis between 

classical theory and modern theory, namely on item discrimination. Classical theory analysis 

obtained 38 items with bad criteria and only 2 items with good criteria. In contrast, modern 

theory analysis obtained 27 items with good criteria and 13 items with bad criteria. 

According to evaluation theory, modern theory aims to cover the weaknesses of classical 

theory. The results of classical theory analysis are often categorized as poor, but modern 

analysis results are categorized as good, and vice versa (Retnawati, 2014). That is, an item 

that is not in a good category with classical theory should be analyzed according to modern 

theory before revising or replacing the item. 

Research on learning assessment with open response politomus was carried out by Yang et al. 

(2017). This research aims to diagnose student errors in completing calculus material at 

university. The instrument compares two types of test, namely the two-tier test and the open 

polytomous response test. The research findings suggest that the open polytomous response 

test provides more detailed information on student error than the two-level test (see Figure 

15). The research findings are in line with the results of this study, which states that the open 

polytomous response test provides more detailed information about students' abilities. 
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Figure 15.  An Example of Student Answers on The Two-Tier Test and The Open Polytomous  
                    Response Test  

 
Another study on learning assessment with open response polytomus was conducted by 

Ayanwale (2021). Ayanwale's research compares two polytomous response test analysis 

methods, namely the Parallel and Partial Credit Model. The results of his research stated that 

the Partial Credit Model analysis had a first factor Eigenvalue of 20.5% (ideal Eigenvalue of 

more than 20%) compared to the Parallel analysis, which had the first factor Eigenvalue of 

11.7%. The results of Ayanwale's research are in line with this study, which obtained the first 

factor Eigenvalue of 20.220%, and the author can state that the instrument developed is 

suitable to be used to assess vocational students in Indonesia, maybe even outside Indonesia. 

Other studies related to classical and modern theory conducted by Sarea (2018) and 

Saepuzaman et al.(2021). Sarea's research states that the response polytomus test has good 

criteria (classical and modern theory), and the classical theory analysis has more items than 

modern theory. Meanwhile, Saepuzaman's research found that the response polytomus test 

had good criteria (classical and modern theory), and the modern theory analysis had more 

items than classical theory. 
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The results of the analysis of student answers obtained information that there were two 

patterns of students' solving questions: (1) formulas, and (2) trial and error. Students who use 

formula patterns in solving problems tend to be carried out by high-ability students, and 

students who use trial and error patterns tend to be carried out by students with medium and 

low abilities. Students who use both patterns can answer the questions correctly as shown in 

Figure 16 below. 

 

 

 
(i) 

 

 
(ii) 

Figure 16. An Example of Student Answer Patterns with (i) Formulas, (ii) Trial and Error  

Both patterns of solving math problems are common ways. This is in line with the opinion of 

Mason et al. (2010) that there are several ways that can be used in solving math problems, 

namely trial and error, use a drawing or model, analogy, and formula. Syahlan (2017) states 

that two ways that students often use to solve math problems are (1) trial and error and (2) 

formulas. Usually, students use trial and error methods to solve easy problems and formulas 

methods to solve difficult questions. If combined with student answers and Syahlan's opinion, 



28 
 

students with medium and low abilities in solving easy questions will use trial and error 

methods, and students with high abilities in solving difficult questions will use formulas. 

The results of these student answers can be important information for teachers in teaching 

mathematics. This means that before teaching a material, the teacher must know the students' 

initial abilities (high, medium, or low) and the level of difficulty of the material. Some of the 

benefits for teachers who know students' initial abilities are: teachers can develop 

professionally centered on students  (Gonzalez, 2018), teachers can adjust the level of 

cognitive and increase student learning engagement (Dong et al., 2020), assist teachers in 

designing pedagogical practices and correcting students' misconceptions (Geofrey, 2021).In 

addition, the benefit for teachers who know the level of difficulty of a material is that they 

can design remedial learning plans(Muhson et al., 2017; Wulanningtyas et al., 2020).The 

description above shows that there are many benefits that the teacher will get if the teacher 

knows the students' actual abilities, and this can be known by the teacher if the teacher uses 

the open polytomus response test. 

Conclusion 

Based on the results of the research and discussion, it can be concluded that (1) the open 

polytomous response test has a good category according to classical and modern theory. So, 

the test instrument requirements are accountable (qualifies for a good test) is a good test 

instrument according to the analysis of the two theories (classical and modern theory), and 

(2) the open polytomous response test can provide information on the actual competence of 

students; this is observed in the students' arguments in giving reasons for their choices. This 

is observed in the students' arguments when giving reasons for their choices. Therefore, the 

open polytomous response test can be used as an alternative to learning assessment. 
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Recommendation 

Based on the research results, there are several recommendations for teachers, schools, and 

other researchers. For teachers, they should familiarize students with giving a test in the form 

of a polytomous response before giving the test. In schools, principals or other leaders should 

encourage other teachers to take advantage of this test and develop other assessment 

instruments. For other researchers, they should conduct research by developing instruments 

with other polytomous responses (assessment of learning and assessment as learning) on 

other materials. In addition, for further research, conduct a study that develops an assessment 

instrument with a learning response polytomous (pretest). This is important so that students' 

prior knowledge can be known and learning can be effective. 

Limitations 

The research carried out has several limitations. Firstly, the selected schools have not met the 

researchers' expectations, for example, representing schools of high, medium, and low 

quality. In addition, during the collection of research data that begins with learning, it is not 

fully controlled by the researcher, so the students who are the research samples are less 

conditioned. The research is only limited to algebraic materials (sequences and series, 

matrices, equations, and quadratic functions), and does not represent other mathematical 

materials, such as geometry and statistics. 
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Appendix 
 

Instrument of the Open Polytomous Response Test 
 

 
Name of  Student  : ………………………………. 
Class/Department : ………………………………. 
School    : ………………………………. 
 
Instructions :  Mark (x) one of the correct answer choices, and give the reason   
(use another piece of paper to write down your reason) 
 
 

1. Given an arithmetic sequence: 3, 8, 13, 18, ....  
The formula for the nth term of the sequence is .... 
A. Un = 5n – 3                C.    Un = 4n – 1 
B. Un = 5n – 2                D.   Un = 3n + 2 
C. Un = 4n – 1 
 
Reason: ..................................................... 
 

2.  Given an arithmetic sequence: 2, 5, 8, 11, …, 68.  
 The number of terms in the sequence is… 

A. 12                              D.   23 
B. 13                              E.   24 
C. 22 
 
Reason: ...................................................... 

3. An arithmetic sequence, the 5th term is 31 and the 
8th term is 46. The difference between the 
sequences is... 
A. 5                                D.    8 
B. 6                                E.   11 
C. 7 
 
Reason: ...................................................... 
 

4. The 4th and 9th terms of an arithmetic sequence are 
110 and 150. The 30th terms of the arithmetic 
sequence are... 

A. 308                            D.   344 
B. 318                            E.    354 
C. 326 

 
      Reason: .............................................................. 

5. An arithmetic sequence is: 3, 8, 13, 18, …, 103.  
Then the middle term of the sequence is … 
A. 53                             D.    11   
B. 52                             E.     10 
C. 20 
D. 11 
E. 10 
 
Reason: ....................................................... 
 

6.  Given the arithmetic sequence: 4, 10, 16, 22, …. . 
     If two  numbers are inserted in every two 
consecutive terms then the 10th term of the sequence  
is... 

A. 18                             D.   24 
B. 20                             E.   26 
C. 22 
 
Reason: ................................................................. 

 
7.   The nth term of an arithmetic series is Un = 3n – 5.  
       The formula for the sum of the first n terms of the 
       series is ... 

A. 𝑆𝑛 =
𝑛

2
(3𝑛 − 7)             D.    𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

B. 𝑆𝑛 =
𝑛

2
(3𝑛 − 5)             E.    𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

C. 𝑆𝑛 =
𝑛

2
(3𝑛 − 4) 

         Reason: ......................................................... 
 

8.  The sum of the first n terms of an arithmetic series.  
      Sn = n2 – 19n. The formula for the nth term of the  
     Series is...... 
 

A. 5n – 20                      D.   2n – 20 
B. 5n – 10                      E.    2n – 10 
C. 2n – 30 
 
Reason: .................................................................. 

9.  The sum of all integers between 100 and 300 which 
are divisible by 5 is ...𝑆𝑛 =

𝑛

2
(3𝑛 − 7) 

A. 8.200                               D.  7.600 
B. 8.000                               E.  7.400 
C. 7.800 
 
Reason: ........................................................ 
 

10.   PT. Angkasa Jaya in the first year produced 5,000 
units. In the second year, production was reduced 
by 80 units per year. In what year did the company 
produce 3,000 units? 
A. 24                               D.  27 
B. 25                               E.   28 
C. 26 
 
Reason: ............................................................... 
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11.  The middle term of an arithmetic sequence is 25.  
If the difference is 4 and the 5th term is 21.  
         Then the sum of all the terms in the sequence is ... 

A. 175                                   D.   295 
B. 189                                   E.   375 
C. 275 
 
Reason: ........................................................ 
 

12. A number of candies are distributed among five 
children according to the rules of an arithmetic 
sequence. The younger the child, the more candy he 
gets. If the second child receives 11 pieces of candy 
and the fourth child 19 pieces, then the total number 
of candies is... pieces 
A. 60                               D.    75 
B. 65                               E.    80 
C. 70  
 
Reason: ................................................................. 

 
13. The sum of the first n terms of a series is 2n2-n.  
        So the 12th term of the series is... 

A. 564                                   D.   45 
B. 276                                   E.   36 
C. 48 
 
Reason: ................................................................... 
 

14. The number of terms in the geometric sequence:  
         3, 6, 12, ..., 3072 is ... 

A. 9                                 D.   12 
B. 10                               E.    13 
C. 11 

 
        Reason: ................................................................... 
 

15.   A geometric sequence has the 2nd term is 8, and 
the 5th term is 64. The 7th term of the sequence is 
... 
A. 32                                     D.   256 
B. 64                                     E.   512 
C. 128 
 
Reason: ................................................................... 
 

16. The value of the middle term of the geometric 
sequence:  
6, 3, …, 3/512  is … 

𝐴.  
1

16
𝐷.  

4

16
 

𝐵.  
2

16
𝐸.   

5

16
 

𝐶.  
3

16
 

Reason:............................................... 
 

17.   A piece of wire is cut with the first piece being 8 
cm, and the next piece 1.5 times the previous cut. 
Then the 5th piece is... cm 
A. 18                                     D.   35 
B. 24                                     E.   40,5 
C. 27,5 
 
Reason: .................................................................... 

 

18.  The sum of an infinite geometric series is 12 and the 
first term is 9. The ratio is ... 
A. 

3

4
                                     D.  −

1

2
 

B. 
1

4
                                     E.  −

3

4
 

C. 
1

3
 

 
        Reason: .................................................................. 
 

19. A  ball falls from a height of 10 m and bounces 
back 3/4 times its previous height. The total 
number of paths until the ball stops is....  m 
A. 60                                    D.   90 
B. 70                                    E.   100  
C. 80  

 
       Reason: ........................................................ 

 

20. Given [4 8 5
6 3 1

] = [
2𝑎 𝑏 + 𝑎 5
6 3 1

].  

 
The value of  3a + b is ... 
A. 8                                    D.   14 
B. 10                                  E.   20 
C. 12 

 
       Reason: ......................................................... 

21. Given  𝐾 = [
𝑎 2 3
5 4 𝑏
8 3𝑐 11

]  and  𝐿 =

[
6 2 3
5 4 2𝑎
8 4𝑏 11

].  

 
If K = L, then c is  ... 
A. 12                                      D.   15 
B. 13                                      E.   16 
C. 14 
 
Reason: ................................................................ 
 

22. Given 𝐴 = [
1 2
3 4

] , 𝐵 = [
2 3
0 1

] , 𝐶 = [
5 2

−1 0
].  

 
Then  (A + C) – (A + B) is ... 

𝐴.   [
5 4
5 4

] 𝐷.   [
3 −1

−1 −1
] 

𝐵.   [
4 7
2 5

] 𝐸.    [
7 −1
1 −1

] 

𝐶.  [
4 0

−4 −4
] 

 
Reason: ..................................................................... 
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23. Given matrix  𝑃 = [
1 3 1
2 4 5
0 7 6

], then (𝑃𝑡)𝑡 adalah 

... 

𝐴.   [
1 2 0
3 3 7
1 5 6

]                         D.   [
0 7 6
2 4 5
1 3 1

] 

𝐵.   [
1 3 1
3 3 7
1 5 6

]                         E.    [
0 7 6
2 4 5
1 3 1

] 

𝐶.   [
1 3 1
2 4 5
0 7 6

] 

 
           Reason: ................................................................. 

 

24. Given matrix 𝐴 = [
2𝑥 −5
3 𝑦

], 𝐵 = [
𝑦 2
2 4

],  and 

𝐶 = [
8 −3
5 2𝑥

].   

 
If  A + B = C,  then  x + y = ... 
A. –5                                D.   3                                          
B. –1                                E.   5 
C. 1 
 
Reason: .......................................................... 
 

25. If  𝐴 = [3 5] and 𝐵 = [
1 4
2 6

],  then 2AB adalah 

... 
𝐴.   [13 42]                             D.   [13 84] 
𝐵.   [26 84]                             E.    [30 36] 
𝐶.   [26 42] 

 
 Reason: ................................................................... 

 
 

26. If  [ 1 −3
−2 4

], 𝐵 = [
−2 0
1 3

], and 𝐶 = [
3 −1
1 −2

] 

 
then  A(B – C) = ... 
 

𝐴.   [
−5 −14
10 18

]                       D.    [ 1 −2
−2 2

] 

𝐵.   [
−5 −4
10 6

]                          E.    [−7 19
−2 20

] 

𝐶.   [
1 −16

−2 22
] 

       Reason: .......................................................... 

27.  Matrix X  that satisfies  [1 2
3 4

] 𝑋 = [
4 3
2 1

]  is ... 

𝐴.    [
−6 −5
5 4

]                       D.    [ 4 −2
−3 1

] 

𝐵.    [
5 −6
4 5

]                          E.   [ 4 −2
−3 1

] 

𝐶.    [
−6 −5
4 5

] 

Reason: ............................................................ 

28. If  matrix 𝐴 = [
3 −𝑥
6 8

] is singular matrix.  

Value of x that satisfies is …. 
 
A.  – 5                                D.   3 
B. – 4                                 E.   4 
C. – 3 

 
       Reason: ........................................................... 

 

29. Given matrix A = [
0 2 3

−2 0 4
−3 −4 0

], then matrix 

determinant  A is ... 
A. 0                                      D.   2 
B. 1                                      E.   4 
C. 2 
 
Reason: ................................................................ 

 
 

30. Transpose matrix P adalah PT. If 𝑃 = [
4 7
3 5

] then 

matrix (PT) – 1 is  ... 

𝐴.    [
−5 7
3 −2

] 𝐷.   [
−3 5
4 −7

] 

𝐵.   [
3 −4

−5 7
] 𝐸.   [

4 −3
−7 5

] 

𝐶.   [
−5 3
7 −4

] 

Reason: ................................................................... 

31. Given 𝐴 = [
4 3
2 2

] and 𝐵 = [
5 2
3 1

].  

Inverse matrix AB adalah (AB) – 1 = ... 

𝐴.   
1

2
[
−6 11
16 −29

] 𝐷.  −
1

2
[

6 11
16 29

] 

𝐵.   
1

2
[
29 11
16 6

] 𝐸.   −
1

2
[
−6 11
16 −29

] 

𝐶.  −
1

2
[
29 11
16 6

] 

Reason: ............................................................... 
 

32. The roots of the quadratic equation  3 dan – 4 are ... 
𝐴.   𝑥2 + 𝑥 − 12 = 0 
𝐵.   𝑥2 − 𝑥 − 12 = 0 
𝐶.   𝑥2 − 𝑥 + 12 = 0 
𝐷.   𝑥2 − 3𝑥 + 4 = 0 
𝐸.   𝑥2 − 4𝑥 + 3 = 0 
 
Reason: ..................................................................... 

33. The roots of the quadratic equation5𝑥2 + 4𝑥 −
12 = 0 are … 
𝐴.  − 2 dan 

5

6
𝐷.   − 2 dan −

6

5
 

𝐵.   2 dan −
5

6
𝐸.   − 2 dan 

6

5
 

𝐶.   2 dan 
6

5
 

 
Reason: ................................................................. 

34. The roots of the equation𝑥2 − 2𝑥 − 3 = 0 are 𝑥1 
and 𝑥2.  If 𝑥1 > 𝑥2, then  𝑥1 − 𝑥2 is  … 
𝐴.   − 4                                        D.  2 
𝐵.   − 2                                        E.  4 
𝐶.   0 

 
       Reason: .......................................................... 
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35. The roots of the quadratic equation2𝑥2 − 3𝑥 −
9 = 0 are  𝑥1 dan 𝑥2.  Value of  𝑥1

2 + 𝑥2
2  is  … 

 
𝐴.   11

1

4
                                       D.  −6

3

4
 

𝐵.   6
3

4
𝐸.  − 11

1

4
 

𝐶.   2
1

4
 

 
Reason: .............................................................. 
 

36. The roots of the quadratic equation:  
𝑥2 + 2𝑥 + 3 = 0 are α dan β. The quadratic 
equation(α – 2) dan (β – 2) is  … 
a. 𝑥2 + 6𝑥 + 5 = 0 
b. 𝑥2 + 6𝑥 + 7 = 0 
c. 𝑥2 + 6𝑥 + 11 = 0 
d. 𝑥2 − 2𝑥 + 3 = 0 
e. 𝑥2 + 2𝑥 + 11 = 0 
 
Reason: ......................................................... 
 

37.  A quadratic function that has a minimum value 2  
for  x = 1 and has a value of 3 for x = 2 is … 
A. 𝑦 = 𝑥2 − 2𝑥 + 1 
B. 𝑦 = 𝑥2 − 2𝑥 + 3 
C. 𝑦 = 𝑥2 + 2𝑥 − 1 
D. 𝑦 = 𝑥2 + 2𝑥 + 1 
E. 𝑦 = 𝑥2 + 2𝑥 + 3 
 
Reason: ............................................................. 
 

 

38. The figure  below is a graph of the quadratic 
equation ? … 
𝐴.   𝑦 = 𝑥2 + 2𝑥 + 3 
𝐵.   𝑦 = 𝑥2 − 2𝑥 − 3 
𝐶.   𝑦 = −𝑥2 + 2𝑥 − 3 
𝐷.   𝑦 = −𝑥2 − 2𝑥 + 3 
𝐸.   𝑦 = −𝑥2 + 2𝑥 + 3 

 
       Reason: ......................... 

39.  If f is a quadratic function whose graph passes 
through the points (1,0), (4,0) and (0, –4) then the 
value of f(7) is … 
A.  – 16                                    D.  – 19 
B. – 17                                     E.   – 20 
C. – 18 
 
Reason: ...................................................... 
 

40. The graph equation of a quadratic function has an 
extreme point  (–1, 4) and through (0, 3) is  … 

𝐴.   𝑦 = −𝑥2 + 2𝑥 − 3𝐷.   𝑦 = −𝑥2 − 2𝑥 − 5 
𝐵.   𝑦 = −𝑥2 + 2𝑥 + 3𝐸.   𝑦 = −𝑥2 − 2𝑥 + 5 

𝐶.   𝑦 = −𝑥2 − 2𝑥 + 3 
 
Reason: .............................................................. 
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DevelopingAssessment Instrument Using Polytomous Response in 
Mathematics 

 

Abstract: This research is a developmental research aiming at developing a good 

mathematical test instrument using polytomous responsesbased on classical and modern 

theories. This research design uses the Plomp model, which consists of five stages, (1) 

preliminary investigation, (2) design, (3) realization/construction, (4) revision, and (5) 

implementation (testing). The study was conducted in three vocational schools in Lampung 

Province, Indonesia. The study involved 413 students, consisting of 191 male and 222 female 

students. The data were collected through questionnaire and test. The questionnaire was used 

to identify the assessment instruments currently employed by teachers and to be validated by 

the experts of mathematics and educational evaluation. The test used open polytomous 

response test numbering of 40 items. The data were analyzed using both classical and modern 

theories. The results show that (1) open polytomous response test has a good category 

according to classical and modern theory. However the discrimination power of test items in 

classical theory need several revisions, (2) the assessment instrument using polytomous 

response of open multiple choice can guarantee information on the actual competence of 

students. This is proven by the fact that there is a harmony between the analysis result 

obtained from classical and modern theory from the students' arguments when giving reasons 

for their choices. Therefore, the open polytomous response test can be used as an alternative 

to learning assessment.  

Keywords: Assessment instrument, classical and modern theory, vocational school,  

polytomous responses 

 

Introduction 

Assessment is an important activity that needs to be administered by teachers in schools. 

Conventional paradigm often interprets assessment as a way to find out the achievement of 

student learning outcomes as a whole, so that the assessment is positioned as a separate 

activity from the learning process (Syaifuddin, 2020). Referring to the current paradigm, 

Attachments:   Revision_Sugeng Sutiarso_MINOR_EU-JER_21112502244011.docx     Fri, Apr 22, 2022 at 11:08 AM 
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assessment in schools is divided into three types, e.g., assessment as learning, assessment for 

learning, and assessment of learning (Wulan, 2018). The three types of assessments aim to 

provide recognition of the achievement of student learning outcomes after the learning 

process (Earl, 2013). Below is the assessment pyramid (Figure 1). 

 

Figure 1. Assessment Pyramid 
 

Assessment can be administered through  a test. A test is a tool or procedure used to find out 

or measure students' abilities in particular areas with certain rules (Arikunto, 2012). A test 

consists of two types, namely multiple-choice and essay. A multiple-choice test is a form of 

assessment in which each item provides options, and one of the options is the correct answer. 

An essay test is a form of assessment that requires answers in sentences or words. Each type 

of test has its own strengths or weaknesses. The strengths of multiple-choice test over essay 

test are firstly, the test can be conducted for many students, it is more objective, and the test 

results can be obtained more quickly. In addition tothe strengths, it has several weakness. 

Multiple-choice test is not able to potray the actual abilities of students, the answers of this 

test tend to be guessing game or trial and error (Rosidin, 2017). In addition, the strength of 

the multiple-choice test has a scoring certainty compared to the essay test, namely 1 and 0 

(score 1 for the correct answer, and 0 for the wrong answer). Multiple-choice test with only 

two answer choices is  called "dichotomous test," and multiple-choice test with more than 

two answer choices is  called "polytomous test" (Kartono, 2008). 

Untilquite recently, multiple-choice test has been widely used by teachers to assess students' 

abilities, especially those with a large number and a wide area of expertise. To reduce the 
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weakness of multiple-choice test, in the last four decades, experts have developed multiple-

choice test by combining multiple-choice test and essay into multiple-choice test with reasons 

or hence forth called as polytomous response test (Suwarto, 2012). The polytomous response 

test score ranges from 1 – 4 in whichscore 4 for the correct answer and reason, score 3 for the 

correct answer but the wrong reason, score 2 for the wrong answer but the correct reason, and 

score 1 for the wrong answer and reason (Kartono, 2008). 

In 1980s, the first test that was focused on and developed by experts was the closed 

polytomous response test, also known as the two-tier test (Treagust, 1988). This test consists 

of two levels: the first is choosing answers on the multiple-choice test, and the second level is 

choosing reasons based on the answer choices at the first level (Chandrasegaran et al., 2007).  

Several studies on the closed polytomousresponse test have been carried out, such as, test on 

mathematical ability in middle school (Hilton et al., 2013; Rovita et al., 2020), test on 

calculus material (Khiyarunnisa & Retnawati, 2018), test onhigher order thinking 

mathematical skills(Sundari, et al., 2021), and test on mathematical connection material 

(Lestari et al., 2021). Although the closed polytomous response test has been widely 

developed, researchers have found weaknesses in the test, such as students' misconceptions or 

students' actual competence cannot be identified in detail (Antara et al., 2019), the test 

instrument is difficult to construct (Khusnah, 2019), and student answers are still guessed 

(Myanda et al., 2020). However, there are strengths in the closed polytomous response test, 

such as the consistency of student answers errors, which is easily observed (Treagust, 1988), 

and the suitability between the student's answer choices and the reason is easy to know (Diani 

et al., 2019). 

To reduce the weakness of the closed polytomous response test, the experts modified the test 

into open polytomous response test. Open polytomous response test is a form of multiple-
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choice test that provides a place to write arguments for the answer choices (Retnawati, 2014). 

The studies on the open polytomous response test that have been carried out aretest on 

calculus material in universities (Yang et al., 2017) and test on mathematics material in senior 

schools (Ayanwale, 2021) and junior schools (Falani et al., 2020).These studies developed  

open polytomous response test for students in college, and senioror junior school. Students in 

college, and senior orjunior school learn mathematics as a primary subject, while students in 

vocational schools learn mathematics as a secondary subject (Oktaria, 2016). In addition, 

students in vocational schools are more oriented towards practical abilities and skills, in 

contrast to students in college or high school who are more academically oriented, including 

in Indonesia (Permendikbud, 2016). 

Currently, the Indonesian government expects that vocational schools is not academically left 

behind especially in mathematics. The government's commitment is to improve the method of 

assessing student learning in vocational school, and the current assessment method is using 

polytomus test. Often, students pay less attention during math exams for several reasons, such 

as considering mathematics as an unimportant subject (Putri et al., 2017), mathematics as a 

complicated subject (Vani et al., 2019), and mathematics as a boring subject (Ikmawati, 

2020). Therefore the students tend to answer the test by guessing. To avoid the tendencies, it 

is necessary to develop a polytomus response test (closed or open). By considering the 

disadvantages of the closed polytomous response test, it is reasonable to conduct research by 

developing open polytomous response test for students in vocational schools. 

The test instrument developed must be reliable as a good test, and therefore it is necessary to 

analyze the quality of test items (Rosidin, 2017). There are two theories for analyzing item 

quality, namely classical and modern. Classical theory is a measurement theory for assessing 

test based on the assumption of measurement errors between actual results and observations, 
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and from the assumption, a formula for calculating the level of difficulty and item 

discrimination was developed (Hambleton & Jones, 1993). The modern theory is a 

measurement theory to assess students' abilities by comparing students' abilities with their 

group abilities and it is known as Item Response Theory/IRT (Hambleton & Linden, 1982). 

Classical theory is widely used by teachers because it is easy to apply. However, this classical 

theory has a weakness, namely, it cannot separate the characteristics of students and items. 

The modern theory is a solution to overcome the weaknesses of the classical theory because 

in the modern theory, an item does not affect other items (local independence), items only 

measure one dimension (unidimensional) (Anisa, 2013), and an item eliminates the 

relationship between respondents and items (parameter invariance) (Saepuzaman et al., 

2021). Therefore, experts suggest that the test instrument is accountable; the quality of the 

items must be good according to the analysis of classical and modern theory (Retnawati, 

2014). 

Therefore, the aim of the research is to develop a good mathematical test instrument using 

polytomous responses according to classical and modern theories in vocational schools. The 

research problems are stated as follows: (1) Does the open polytomous response test 

developed have a good category so that it can be used as an assessment instrument in 

vocational schools based on classical and modern theory? and (2) Doesthe open polytomous 

response test instrument developed provide information on students' actual competence in 

vocational schools? 
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Methodology 

Research Design 

This research is a research and development model that refers to Plomp’s model (Plomp, 

2013), with the research procedure consisting of five stages: preliminary investigation, 

design, realization or construction, test phase, revision, and implementation (test). 

 

 

 

 
Figure 2. Stages of Research Design 

The preliminary investigation stage is to identify the current assessment instruments used by 

teachers. The design stage is to make the open polytomous response test grid according to the 

basic competencies of mathematical concepts and to make a quality assessment questionnaire 

sheet. The realization/construction stage is developing the items test validated by an expert 

process for the items test. The revision stage is the improvement of items on the test based on 

expert advice. The implementation (testing) stage is to try out the test on students and to 

analyze the results of the test. 

 Research Subject 

The subjects of the study were students of vocational schools situated in the province of 

Lampung, Indonesia. The research sample was determined using a non-probability sampling 

technique in the form of accidental sampling, which means taking a subject based on a 

subject that is easy to find and ready to be a respondent (Malhotra, 2006). The selected 

schools were three schools as representatives, namely the Mitra Bhakti vocational school, the 

Praja Utama vocational school, and the Ma'arifNU vocational school. The research subjects 

were 413 students in grade I (male students = 191, and female students = 222), whose 

Realization/construction Design Preliminary investigation 

Implementation (Test) Revision 
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mathematical abilities on the National Exam (NE) were categorized as moderate (average 

64.67 out of the ideal score of 100). The following are the characteristics of the research 

subjects in detail shown in Table 1. 

Table 1. Research Subjects 

Vocational Schools Grade 
The Number of Students 

Average of NE 
Total Male  Female 

Mitra Bhakti 
I-A 13 5 8 64.24 
I-B 23 10 13 62.4 
I-C 29 9 20 65 

Praja Utama 

I-A 40 40 0 64 
I-B 39 39 0 64.62 
I-C 43 15 28 68.72 
I-D 38 15 23 67.9 
I-E 41 14 27 67.56 
I-F 40 17 23 63.38 
I-G 40 8 23 67.74 

Ma’arif NU 
I-A 31 14 17 62.1 
I-B 36 5 51 58.34 

Total 413 191 222  64.67 

 

Data Collection Techniques 

Data were collected using a questionnaire and a test. The questionnaire contains several 

questions to the teacher about the instrument for assessment used by the teacher and also 

expert validity of the instrument developed to determine content validity (Suhaini et al., 

2021). The instrument was validated by two raters who have expertise in mathematics and 

educational evaluation. The three aspects assessed by the expert were the suitability of the 

items with the indicators, language, and alternative answers to the questions. The score 

validating the instrument follows the criteria as in Table 2 below. 

Table 2. Content Validity Score 

Description Score 
Irrelevant 1 

Quite relevant 2 
Relevant 3 

Very relevant 4 
 

After determining the content validity, the instrument was tested to students. Then, it was 

continued by determining the validity of the construct and its reliability to ensure that the 

instrument could be further analyzed. 
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The instrument used was the open polytomous response test, which consisted of 40 questions 

on the concepts of sequences and series (arithmetic and geometry), quadratic equations and 

functions, and matrices. Each item contained five answer choices along with the reasons. 

Student scores are referred to the polytomous score in the Partial Credit Model, where answer 

choices and reasons were related (Retnawati, 2014), as shown in Table 3 below. 

Table 3.  Scores for Student Answers 

Student Answers 
Score 

Answer Options Reason 
False False 1 
False Right 2 
Right False 3 
Right Right 4 

 

Data Analysis 

The collected data were analyzed in two stages: (1) questionnaire data analysis (qualitative 

analysis) and (2) test data analysis (empirical analysis). The following is an explanation of 

each data analysis: 

1. Questionnaire data analysis (qualitative analysis) 

There are two sets of questionnaire data namely, identification of assessment instruments in 

schools and expert assessment of the assessment instruments developed. The results of the 

two questionnaires were analyzed descriptively. Specifically for expert judgment, it was 

continued with an analysis of expert agreement that used the Gregory index formula 

(Gregory, 2015), namely: 

         V = 
𝐷

𝐴+𝐵+𝐶+𝐷
 

Description: 
   V = Content Validity 
   A = Rater 1 and 2 are weak 
   B = Rater 1 is strong, and rater 2 is weak 
   C = Rater 1 is weak, and rater 2 is strong 

        D = Rater 1 and 2 are strong 
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The interpretation of Gregory's formula is that the number V is in the range of 0 to 1. The 

higher the number V (close to 1 or equal to 1), the higher the value of the validity of an item. 

Conversely, the lowerthe number V (close to 0 or equal to 0), the lower the validity of an 

item. 

2. Test data analysis (empirical analysis) 

After conducting the content validity test, the researchers conducted the construct validity 

and reliability test. The construct validation test used exploratory factor analysis. The 

instrument is considered to having good construct if the explained Kaiser-Meyer-Olkin 

(KMO) value is greater than 0.5 (Retnawati, 2014). Reliability test using Cronbach's alpha 

formula The instrument is said to have good reliability if the coefficient value of Cronbach's 

Alpha is 0.60 (Arikunto, 2012). If the instrument has good construct validation, further test 

can be analyzed, namely the level of difficulty and item discrimination. The reason for 

analyzing the level of difficulty and item discrimination is that they are both preliminary 

analyses of the assumptions of measurement theory (Hambleton & Jones, 1993). To simplify 

the process of analyzing the level of difficulty and item discrimination, the Iteman program 

was used for classical theory and the Winsteps program for modern theory (Sarea & Ruslan, 

2019). The Winsteps program was used because it had several advantages; namely, it can 

analyze polytomous data and calculate the maximum likelihood model using a 1-parameter 

logistic model (Untary et al., 2020). 

2.1 Analysis of test data with classical theory 

a. The item difficulty level is the percentage of the number of students who answered 

correctly or incorrectly. If the item has an index of 0.3-0.7, then the item is good; if 

the item has an index below 0.3, then the item is difficult; and if the item has an index 

above 0.7, then the item is easy. 
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b. Discrimination is the ability of a test to distinguish between high-ability students and 

low-ability students. Discrimination is said to be good if it has an index above 0.3, 

and if the discrimination index is below 0.3, then the question needs to be revised 

(Arikunto, 2012). 

2.2 Analysis of test data with modern theory 

a. The item difficulty level is the level of the student's latent trait towards the item. The 

difficulty of the items determines the ability of about 50% of the respondents who are 

expected to answer items correctly (DeMars, 2010). An item is said to be good if it 

has an index of between -2 and +2 (Hambleton & Swaminathan, 1985). If the index is 

close to -2, then the item is classified as very easy, and if the index is close to +2, the 

item is classified as very difficult (Retnawati, 2014). In the Winsteps program, the 

item difficulty level is in the Measure column. 

b. Item discrimination is indicated by the slope of the curve on the item characteristics. 

The item is said to have good discrimination if the slope of the curve is moderate (not 

too gentle or steep), because if the slope of the curve is too gentle or steep, then the 

item is not good. Another opinion states that a good index is above 0.4 (Crocker & 

Algina, 1986). In the Winsteps program, the item discrimination is in the Pt-Measure 

Correlation column. 

According to modern theory, before analyzing the item difficulty level and discrimination, 

three assumptions must be tested, namely unidimensionality, local independence, and model 

fit (Hambleton et al., 1991). Unidimensional means that each test item only measures one 

ability. There are three ways that are often used to test unidimensionality, namely the analysis 

of the Eigenvalue of the correlation matrix between items, the Stout-test on the 

unidimensional assumption test, and the index based on the residuals of the unidimensional 
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solution (DeMars, 2010). In this study, the dimensional test used the Eigenvalue analysis of 

the correlation matrix between items. 

Local independence is the state of the respondent's answer to an item that is not influenced by 

other items. Local independence test by proving that the probability of the respondent's 

answer pattern is the same as the probability of the respondent's answer to each item. If the 

unidimensional assumption is accepted, the local independence assumption will also be 

accepted (DeMars, 2010). Use the Model Fit Test to find out whether the model used is in 

accordance with the items. Test the fit of the model by measuring the outfit mean square 

(MNSQ) and PT-Measure. If the outfit MNSQ value is 0.5 to 1.5 and the Pt-Measure 

Correlation is positive, it is said that the item fits the model (Linacre, 2012). In addition, the 

information function and standard error measurement (SEM) are analyzed, which aims to 

further explain the latent ability as measured by using a test that is expressed through item 

donations. 

Findings/Results 

Analysis of Questionnaire Data 

Based on the results of the questionnaire, it was found that the teacher had never used the 

polytomous response. As many as 80% of teachers used essay test and 20% of teachers used 

multiple-choice test, with each instrument consisting of 2-5 items. In addition, about 10% of 

teachers used this assessment as a means for learning improvement, such as improving lesson 

plans and teaching methods. The results of the questionnaire stated that 90% of teachers who 

did not use assessment as an improvement in learning were caused by several aspects, such 

as: teachers did not understand assessment (20%), teachers did not know how to analyze 

assessments (50%), and teachers did not know how to develop good assessment questions 

(30%). The following is the summary of the questionnaire from the identification data. 
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Figure 3. Description of Teacher Conditions in Assessment 

Content Validity 

The results of the two expert assessments showed that the content validation instrument is 

good. Furthermore, the analysis of expert judgment agreement was obtained as shown in 

Table 4 below. 

Table 4. The Gregory Item Index 
 Rater 1 

Weak strong 

Rater 2 
weak 0 0 
strong 0 40 

Index Gregory 1 
 

Based on the results of the assessment in Table 4, it can be concluded that the instrument is 

valid because the value of V reaches a value of 1. Therefore, the instrument test can be 

continued. In addition to providing assessments, the experts also provided some suggestions 

for improvements to the instrument, namely the preparation of questions using the ABCD 

format (Audience, Behavior, Competence, and Degree), avoiding the use of ambiguous 

language or statements, improving mathematical concepts, making alternative answer choices 

that are misleading, and arranging them in order. 

 

 

 

80%

20%

Test type

essay

multiple
choice

10%

90%

Assessment

revised

not revised

20%

50%

30%

The cause 

not
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Analysis of Test Data 

Construct Validity 

After testing the instrument, it was followed by a construct validity test. The results of the test 

with exploratory factor analysis are shown in Table 5. 

Table 5. Exploratory Factor Analysis 

KMO and Bartlett's Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
Bartlett's Test of Sphericity Approx. Chi-Square 1936.378 

Df 780 
Sig. .000 

 

Based on Table 5, the explained KMO value is 0.76 (more than 0.5), and it can be concluded 

that the variables and samples used to allow for further analysis. 

 
 Reliability 

The results of the estimation of the reliability of the instrument obtained aCronbach's Alpha 

coefficient value is 0.89 (more than 0.6). It means that the instrument has good reliability so 

that the analysis of the level of difficulty and item discrimination can be continued according 

to classical and modern methods. 

Table 6. Reliability of Items 

Cronbach’s Alpha N of Items 
0.892 40 

 

Analysis of Test Data with Classical Theory 

Analysis of test data in the classical way did not require testing assumptions, but the analysis 

of the difficulty level of the items and the distinguishing power of items could be directly 

calculated if the validity and reliability have been met. The results of the two analyses are 

presented in Table 7 below. 

Table 7. The Item Difficulty Level and Discrimination 
Item Difficulty 

Level 
Category Discrimination Category Item Difficulty 

Level 
Category Discrimination Category 

1 0.538 good 0.196 Revised 21 0.482 good 0.143 revised 
2 0.487 good 0.179 Revised 22 0.535 good 0.429 good 
3 0.528 good 0.214 Revised 23 0.492 good 0.250 revised 
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4 0.540 good 0.304 Good 24 0.438 good -0.071 Revised 
5 0.489 good 0.089 Revised 25 0.436 good -0.107 Revised 
6 0.446 good -0.161 Revised 26 0.385 good -0.286 Revised 
7 0.438 good -0.232 Revised 27 0.383 good -0.321 Revised 
8 0.453 good -0.143 Revised 28 0.416 good -0.143 Revised 
9 0.414 good -0.143 Revised 29 0.458 good -0.125 Revised 
10 0.409 good -0.339 Revised 30 0.385 good -0.375 Revised 
11 0.438 good -0.143 Revised 31 0.404 good -0.321 Revised 
12 0.436 good -0.036 Revised 32 0.433 good -0.250 Revised 
13 0.400 good -0.321 Revised 33 0.441 good 0,036 Revised 
14 0.450 good -0.036 Revised 34 0.424 good -0.268 Revised 
15 0.462 good 0.250 Revised 35 0.412 good -0.321 Revised 
16 0.453 good -0.089 Revised 36 0.431 good -0.304 Revised 
17 0.416 good -0.143 Revised 37 0.404 good -0.232 Revised 
18 0.419 good -0.196 Revised 38 0.363 good -0.482 Revised 
19 0.431 good -0.232 Revised 39 0.230 good -0.929 Revised 
20 0.441 good -0.089 Revised 40 0.211 good -1.071 Revised 

 

Based on Table 7, it was found that all items have an item difficulty level in the index range 

of 0.3 to 0.7, so they are categorized in the good category. Meanwhile, only two items on 

discrimination had good categories, and the remaining items needed to be revised. The results 

indicated that all items were good based on the level of difficulty, but almost all items needed 

to be revised for item discrimination. 

 
 Analysis of Test Data with Modern Theory 

The Unidimensional Assumption Test 

The unidimensional assumption test is the first assumption test with factor analysis. Factor 

analysis begins by testing the adequacy of the sample to be used in the analysis, constructing 

a variance-covariance matrix, and then calculating the Eigenvalue. The Eigenvalue was then 

used to calculate the percentage of explained variance, as well as to describe the scree plot 

(Retnawati, 2014). The output of factor analysis was the Kaiser-Meyer-Olkin Measure of 

Sampling Adequacy (KMO) statistic and scree plot. 

Table 8. The KMO Test 

KMO Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
 Sig. .000 

 

The unidimensional test is seen based on the cumulative percentage of Eigenvalue and scree 

plot analysis results. If the cumulative percentage of the first factor Eigenvalue is greater than 
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20%, then the unidimensional assumption is fulfilled (Retnawati, 2014). In Table 9, it can be 

seen that the cumulative percentage of the first factor Eigenvalue is 20.220%. Because the 

Eigenvalue is more than 20%, this instrument is proven to only measure one factor or 

dimension. 

Table 9. Total Variance Explained 

Component 
Initial Eigenvalue 

Total Variance (%) Cumulative (%) 
1 8.088 20.220 20.220 
2 1.458 3.646 23.865 

 

In addition, the unidimensional test can also be seen on the scree plot, which is based on the 

number of factors marked by the steepness of the graph with the acquisition of Eigenvalue. 

 

Figure 4. Scree Plot Unidimensional 

Based on the scree plot, it is known that the Eigenvalue immediately slope on the second 

factor. It demonstrates that the developed instrument has only one dominant factor.The 

results prove that the test kit meets the unidimensional assumption, or in other words, only 

measures one dominant factor. 

Local Independence Assumption Test 

The local independence assumption test will be fulfilled if the student's answer to one item 

does not affect the student's answer to another item. Thus, the score of one item should not be 
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determined or dependent on the scores of other items. This confirms that this assumption 

automatically proves that students' answers do not affect answers to other items  (Retnawati, 

2014). 

Table 10. The Covariance Matrix. 
 K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 

K1 0.0486                

K2 0.012 0.0042               

K3 0.0105 0.0034 0.0032              

K4 0.0317 0.0106 0.0093 0.0293             

K5 0.01 0.0032 0.0029 0.0085 0.0028           

K6 0.0069 0.0023 0.0021 0.0062 0.002 0.0016         

K7 0.0036 0.0011 0.0009 0.0028 0.0009 0.0007 0.0004       

K8 0.0041 0.0015 0.0012 0.0037 0.0011 0.0008 0.0004 0.0006     

K9 0.0074 0.0024 0.0022 0.0065 0.002 0.0015 0.0007 0.0009 0.0017   

K10 0.021 0.0061 0.0054 0.0148 0.0051 0.0039 0.0017 0.0025 0.0043 0.0196 

 

Table 10 shows the results of the variance-covariance values between groups of students' 

abilities. In the table, it can be seen that the covariance value between the ability interval 

groups located on the diagonal is small and close to zero. This result shows that there is no 

correlation, so it can be said that the local independence assumption test is accepted. 

Model Fit 

The model fit test was analyzed using the Winsteps program. The item requirements are 

called "fit to the model".  If the Outfit MNSQ value is 0.5 to 1.5 and the Outfit ZSTD value is 

-2 to 2, and the Pt-Measure Correlation is positive, then it can be said that the item fits the 

model (Sumintono & Widhiarso, 2015). An item is considered fit if one of the conditions is 

accepted. In addition, it can also be seen from the MNSQ infit of 0.77 to 1.3, but at this stage, 

the fit of the model is only taken on the MNSQ and Pt-Measure outfit values. Based on the 

results of the analysis, all items matched the model or fit (Figure 5). 
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Figure 5. Item Fit on Model 

 
The Item Difficulty Level 

The item difficulty level was analyzed using the Winsteps program, and the results obtained 

was be presented in Table 12 (Measure column). The item difficulty level is in the range of -

0.70 to 0.84. From Table 12, the highest difficulty level is item 40 (difficulty level 0.84), and 

the lowest difficulty level is item 1 (difficulty level -0.70). Since the difficulty level is in the 

range of 2 and 2, it can be concluded that all items are in the good category. If further divided 

into three categories, the difficulty level of items in the range of -0.7 to 0.84 is moderate 

(Sumintono & Widhiarso, 2015). It can also be seen on the difficult map items, namely that 

the difficulty level is in the range of -2 and 2. 
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Figure 6. Item Difficulty Level 

 

 

Figure 7. Item Difficulty Map 
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The Item Discrimination 

The item discrimination analysis used the Winsteps program, and the results are presented in 

Figure8 ( PT-Measure Correlation column). Item discrimination is in the range of 0.23 to 

0.74, with details of 27 items having an index above 0.4 (good category), and 13 items having 

an index below 0.4 (bad category). However, the 13 items can be used as an instrument as 

long as the index is above 0 (Alagumalai et al., 2005). 

 
Figure 8. Item Discrimination 

 
Comparative Analysis Between Classical and Modern Theory 

The results of the analysis of classical and modern theories obtained the index of difficulty 

level and item discrimination as follows. 
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Table 11. Comparison of Classical and Modern Theories 

Parameter 
Classical Theory Modern Theory 

Many Items with 
Good Categories 

Percentage Many Items with 
Good Categories 

Percentage 

Difficulty level 40 100 40 100 
Item discrimination 2 0.05 27 67.5 

 
Based on Table 11, the level of item difficulty analyzed by classical and modern theory has 

the same results (good category). However, item discrimination using modern theory has 

more items in the good category than using classical theory. If we compare the index of 

discriminatory items between classical (Table 7) and modern (Figures 6 and 8), it can be seen 

that there is a match between the categories of item discrimination. It means that if item 

discrimination is not good with the classical theory, then item discrimination is also not good 

with the modern theory (13 items correspond to the item discrimination index, and 27 do not 

match). 

Information and Measurement Error (SEM) Function 

The function of information to reveal latent ability was measured by using a test that was 

expressed through item donation. The test information function is also the sum of the 

functions of each item. The information function is inversely proportional to measurement 

error, or standard error measurement (SEM). The value of the information function of the test 

device will be high if the items that make up the test have a high information function. The 

following is a picture of the curve of the relationship between the information function and 

SEM. 

 

Figure 9. Graph of Information Function and Measurement Error 



21 
 

Figure 9 shows that this instrument provides information of 22.36 (maximum) and has a 

measurement error of 0.21 (smallest) for medium-ability students. The lower and upper limits 

of the interval are the ability scores where the graph of the information function and the SEM 

graph intersect at that interval. This graph states that the greater the value of the information 

function, the smaller the measurement error (SEM), and the item information function 

expresses the strength or contribution of the test items in revealing the latent trait as measured 

by the test. This information function provides a description of the item according to the 

model (which helps with item selection) (Retnawati, 2014). These results conclude that this 

test instrument is suitable for students with medium abilities. 

Based on the test results, it can also be seen that the actual competency information of 

students in vocational school based on the test answers. Instrument analysis is based on two 

patterns of student answers that have the same tendency based on Bloom's Taxonomy 

(Bloom, 1956). A total of six student answers were selected as samples with different abilities 

(high, medium, and low). 

Item 1: The cognitive domain to be achieved is C2 (Understanding). Based on students' 

answers, the two dominant patterns of student answers are: (1) students have understood the 

general form of arithmetic sequences and know the first term and other terms, and (2) 

students have not been able to formulate general forms in arithmetic sequences and perform 

algebraic operations on general forms arithmetic sequence. 

 Question 1: Pattern 1: Pattern 2: 

 

  

Figure 10. An Example of Student Answers in Item 1 
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Item 2: The cognitive domain to be achieved is C2 (understanding). Based on students' 

answers, the two dominant patterns of student answers are (1) being able to understand the 

number of terms in a sequence by using the general formula for an arithmetic sequence, or 

determining the number of arithmetic sequences without using a general formula (only 

writing down all the terms from the first term until the last term), and (2) students who can 

already use the general formula for arithmetic sequences but have not been able to determine 

the number of arithmetic sequences because of errors in performing algebraic operations on 

general arithmetic sequences. 

Question2: Pattern 1 Pattern 2 

 
  

Figure 11. An Example of Student Answers in Item 2 

Item 3: The cognitive domain to be achieved is C3 (applying). Based on students' answers, 

the two dominant patterns of student answers are: (1) students have understood and 

determined the difference between two non-adjacent arithmetic sequences using the general 

formula for arithmetic sequences, and (2) other students can determine the number of 

arithmetic sequences even though they are not using a general formula or by writing the 

terms of the known terms and inserting several terms. 

Question 3: Pattern 1 Pattern 2 

 
 

 
 

Figure 12. An Example of Student Answers in Item 3 
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Item 4: The cognitive domain to be achieved is C3 (applying). Based on students' answers, 

the two dominant patterns of student answers are: (1) students have understood and can 

determine the nth term in an arithmetic sequence that is known to be two non-adjacent terms 

using the general formula for arithmetic sequences, and (2) students cannot determine the 

number of arithmetic sequences because it does not use a general formula but by writing the 

terms of the known terms and inserting several terms and continuing until the nth term. 

Question  4: Pattern 1 Pattern 2 

 
  

Figure 13. An Example of Student Answers in Item 4 

Item 5: The cognitive domain to be achieved is C1 (remembering). Based on students' 

answers, the two dominant patterns of student answers are: (1) students have understood and 

determined the middle term of an arithmetic sequence, and (2) students can determine the 

middle term of an arithmetic sequence but do not use general formulas, but rather by writing 

the terms from known terms and inserting several terms and then defining them. 

Question 5: Answer Pattern 1 Answer Pattern 2 

 
 

 

Figure 14. An Example of Student Answers in Item 5 

Description ofInstrument Development and Student Ability 

The instrument developed from this research is the open polytomous response test, and all 

parameters have been accepted. This instrument is a combination of a multiple-choice test 
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and an essay. Multiple choice test are easier to check students' answers, but their 

mathematical thinking processes cannot be known in depth. While the essay test has the 

advantage of being able to find deeper mathematical thinking processes, it takes a long time 

to check the answers. 

Analysis of learning instruments is an important source of composite scores in the final 

report. In the final report, the student's ability score was first changed to a score of 0–10 

(previously 0–100). The conversion is done through a linear transformation by dividing the 

student's score by the ideal score, then the result is multiplied by 10 to get a value range of 0–

10, or multiplied by 100 to get a value range of 0–100. In the range of 0–10, the scores of 

students' mathematical ability were 8.56 (highest) and 4.31 (lowest), or in the range of 0–100, 

students' math ability scores were 85.6 (highest) and 43.1 (lowest). 

The results of the analysis of student abilities are presented in the form of predicates ranging 

from very low to very high according to the specified category. The results of this analysis 

show that most students have very low to medium abilities, as much as 62% (253 students), 

and the remaining 38% (160 students) have high and very high abilities. Other analysis 

results found that high and very high-ability students tend to work according to concepts with 

more creative completion steps (different from the teacher's example), but students who have 

very low to medium abilities can solve problems according to concepts with less creative 

completion steps (e.g., routine or according to the teacher's example). 

Other results show that the assessment with an open response polytomus makes it easier for 

teachers to explore students' difficulties with a material. Then, from this exploration, the 

teacher can continue with improvements for students who have learning difficulties. An 

important finding of this study is that information about students' learning difficulties through 
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the open polytomus response test is more secondhand and complete than other assessment 

instruments, such as multiple choice test (Gierl et al., 2017) or essay test (Putri et al., 2020). 

Discussion 

This research is  development research aimed at developing a good mathematical assessment 

instrument using polytomic responses according to classical and modern theories. The results 

of the data analysis found that there were differences in the results of the analysis between 

classical theory and modern theory, namely on item discrimination. Classical theory analysis 

obtained 38 items with bad criteria and only 2 items with good criteria. In contrast, modern 

theory analysis obtained 27 items with good criteria and 13 items with bad criteria. 

According to evaluation theory, modern theory aims to cover the weaknesses of classical 

theory. The results of classical theory analysis are often categorized as poor, but modern 

analysis results are categorized as good, and vice versa (Retnawati, 2014). That is, an item 

that is not in a good category with classical theory should be analyzed according to modern 

theory before revising or replacing the item. 

Research on learning assessment with open response politomus was carried out by Yang et al. 

(2017). This research aims to diagnose student errors in completing calculus material at 

university. The instrument compares two types of test, namely the two-tier test and the open 

polytomous response test. The research findings suggest that the open polytomous response 

test provides more detailed information on student error than the two-level test (see Figure 

15). The research findings are in line with the results of this study, which states that the open 

polytomous response test provides more detailed information about students' abilities. 
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Figure 15. An Example of Student Answers on The Two-Tier Test and The Open Polytomous 
                   Response Test 

 
Another study on learning assessment with open response polytomus was conducted by 

Ayanwale (2021).Ayanwale's research compares two polytomous response test analysis 

methods, namely the Parallel and Partial Credit Model. The results of his research stated that 

the Partial Credit Model analysis had a first factor Eigenvalue of 20.5% (ideal Eigenvalue of 

more than 20%) compared to the Parallel analysis, which had the first factor Eigenvalue of 

11.7%. The results of Ayanwale's research are in line with this study, which obtained the first 

factor Eigenvalue of 20.220%, and the author can state that the instrument developed is 

suitable to be used to assess vocational students in Indonesia, maybe even outside Indonesia. 

Other studies related to classical and modern theory conducted by Sarea (2018) and 

Saepuzaman et al.(2021). Sarea's research states that the response polytomus test has good 

criteria (classical and modern theory), and the classical theory analysis has more items than 

modern theory.Meanwhile, Saepuzaman's research found that the response polytomus test 

had good criteria (classical and modern theory), and the modern theory analysis had more 

items than classical theory. 
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The results of the analysis of student answers obtained information that there were two 

patterns of students' solving questions: (1) formulas and (2) trial and error. Students who use 

formula patterns in solving problems tend to be carried out by high-ability students, and 

students who use trial and error patterns tend to be carried out by students with medium and 

low abilities. Students who use both patterns can answer the questions correctly as shown in 

Figure 16 below. 

 

 

 
(i) 

 

 
(ii) 

Figure 16. An Example of Student Answer Patterns with (i) Formulas, (ii) Trial and Error 

Both patterns of solving math problems are common ways. This is in line with the opinion of 

Mason et al. (2010) that there are several ways that can be used in solving math problems, 

namely trial and error, use a drawing or model, analogy, and formula. Syahlan(2017) states 

that two ways that students often use to solve math problems are (1) trial and error and (2) 

formulas. Usually, students use trial and error methods to solve easy problems and formulas 

methods to solve difficult questions. If combined with student answers and Syahlan's opinion, 
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students with medium and low abilities in solving easy questions will use trial and error 

methods, and students with high abilities in solving difficult questions will use formulas. 

The results of these student answers can be important information for teachers in teaching 

mathematics. This means that before teaching a material, the teacher must know the students' 

initial abilities (high, medium, or low) and the level of difficulty of the material. Some of the 

benefits for teachers who know students' initial abilities are: teachers can develop 

professionally centered on students  (Gonzalez, 2018), teachers can adjust the level of 

cognitive and increase student learning engagement (Dong et al., 2020), assist teachers in 

designing pedagogical practices and correcting students' misconceptions (Geofrey, 2021).In 

addition, the benefit for teachers who know the level of difficulty of a material is that they 

can design remedial learning plans (Muhson et al., 2017; Wulanningtyas et al., 2020). The 

description above shows that there are many benefits that the teacher will get if the teacher 

knows the students' actual abilities, and this can be known by the teacher if the teacher uses 

the open polytomus response test. 

Conclusion 

Based on the results of the research and discussion, it can be concluded that (1) the open 

polytomous response test has a good category according to classical and modern theory. So, 

the test instrument requirements are accountable (qualifies for a good test) is a good test 

instrument according to the analysis of the two theories (classical and modern theory), and 

(2) the open polytomous response test can provide information on the actual competence of 

students; this is observed in the students' arguments in giving reasons for their choices. This 

is observed in the students' arguments when giving reasons for their choices. Therefore, the 

open polytomous response test can be used as an alternative to learning assessment. 
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Recommendation 

Based on the research results, there are several recommendations for teachers, schools, and 

other researchers. For teachers, they should familiarize students with giving a test in the form 

of a polytomous response before giving the test. In schools, principals or other leaders should 

encourage other teachers to take advantage of this test and develop other assessment 

instruments. For other researchers, they should conduct research by developing instruments 

with other polytomous responses (assessment of learning and assessment as learning) on 

other materials. In addition, for further research, conduct a study that develops an assessment 

instrument with a learning response polytomous (pretest). This is important so that students' 

prior knowledge can be known and learning can be effective. 

Limitations 

The research carried out has several limitations. Firstly, the selected schools have not met the 

researchers' expectations, for example, representing schools of high, medium, and low 

quality. In addition, during the collection of research data that begins with learning, it is not 

fully controlled by the researcher, so the students who are the research samples are less 

conditioned. The research is only limited to algebraic materials (sequences and series, 

matrices, equations, and quadratic functions), and does not represent other mathematical 

materials, such as geometry and statistics. 
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Appendix 
 

Instrument of the Open Polytomous Response Test 
 

 
Name of  Student : ………………………………. 
Class/Department : ………………………………. 
School    : ………………………………. 
 
Instructions :Mark (x) one of the correct answer choices, and give the reason   
(use another piece of paper to write down your reason) 
 
 

1. Given an arithmetic sequence: 3, 8, 13, 18, ....  
The formula for the nth term of the sequence is .... 
A. Un = 5n – 3                C.    Un = 4n – 1 
B. Un = 5n – 2                D.   Un = 3n + 2 
C. Un = 4n – 1 
 
Reason: ..................................................... 
 

2.  Given an arithmetic sequence: 2, 5, 8, 11, …, 68.  
 The number of terms in the sequence is… 

A. 12                              D.   23 
B. 13                              E.   24 
C. 22 
 
Reason: ...................................................... 

3. An arithmetic sequence, the 5th term is 31 and the 
8th term is 46. The difference between the 
sequences is... 
A. 5                                D.    8 
B. 6                                E.   11 
C. 7 
 
Reason: ...................................................... 
 

4. The 4th and 9th terms of an arithmetic sequence are 
110 and 150. The 30th terms of the arithmetic 
sequence are... 

A. 308                            D.   344 
B. 318                            E.    354 
C. 326 

 
      Reason: .............................................................. 

5. An arithmetic sequence is: 3, 8, 13, 18, …, 103.  
Then the middle term of the sequence is … 
A. 53                             D.    11   
B. 52                             E.     10 
C. 20 
D. 11 
E. 10 
 
Reason: ....................................................... 
 

6.  Given the arithmetic sequence: 4, 10, 16, 22, …. . 
     If two  numbers are inserted in every two 
consecutive terms then the 10th term of the sequence  
is... 

A. 18                             D.   24 
B. 20                             E.   26 
C. 22 
 
Reason: ................................................................. 

 
7.   The nth term of an arithmetic series is Un = 3n – 5.  
       The formula for the sum of the first n terms of the 
       series is ... 

A. 𝑆𝑛 =
𝑛

2
(3𝑛 − 7)             D.    𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

B. 𝑆𝑛 =
𝑛

2
(3𝑛 − 5)             E.    𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

C. 𝑆𝑛 =
𝑛

2
(3𝑛 − 4) 

         Reason: ......................................................... 
 

8.  The sum of the first n terms of an arithmetic series.  
      Sn = n2 – 19n. The formula for the nth term of the  
     Series is...... 
 

A. 5n – 20                      D.   2n – 20 
B. 5n – 10                      E.    2n – 10 
C. 2n – 30 
 
Reason: .................................................................. 

9.  The sum of all integers between 100 and 300 which 
are divisible by 5 is ...𝑆𝑛 =

𝑛

2
(3𝑛 − 7) 

A. 8.200                               D.  7.600 
B. 8.000                               E.  7.400 
C. 7.800 
 
Reason: ........................................................ 
 

10.   PT. Angkasa Jaya in the first year produced 5,000 
units. In the second year, production was reduced 
by 80 units per year. In what year did the company 
produce 3,000 units? 
A. 24                               D.  27 
B. 25                               E.   28 
C. 26 
 
Reason: ............................................................... 
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11.  The middle term of an arithmetic sequence is 25.  
If the difference is 4 and the 5th term is 21.  
         Then the sum of all the terms in the sequence is ... 

A. 175                                   D.   295 
B. 189                                   E.   375 
C. 275 
 
Reason: ........................................................ 
 

12. A number of candies are distributed among five 
children according to the rules of an arithmetic 
sequence. The younger the child, the more candy he 
gets. If the second child receives 11 pieces of candy 
and the fourth child 19 pieces, then the total number 
of candies is... pieces 
A. 60                               D.    75 
B. 65                               E.    80 
C. 70  
 
Reason: ................................................................. 

 
13. The sum of the first n terms of a series is 2n2-n.  
So the 12th term of the series is... 

A. 564                                   D.   45 
B. 276                                   E.   36 
C. 48 
 
Reason: ................................................................... 
 

14. The number of terms in the geometric sequence:  
         3, 6, 12, ..., 3072 is ... 

A. 9                                 D.   12 
B. 10                               E.    13 
C. 11 

 
        Reason: ................................................................... 
 

15.   A geometric sequence has the 2nd term is 8, and 
the 5th term is 64. The 7th term of the sequence is 
... 
A. 32                                     D.   256 
B. 64                                     E.   512 
C. 128 
 
Reason: ................................................................... 
 

16. The value of the middle term of the geometric 
sequence:  
6, 3, …, 3/512  is … 

𝐴.  
1

16
𝐷.  

4

16
 

𝐵.  
2

16
𝐸.   

5

16
 

𝐶.  
3

16
 

Reason:............................................... 
 

17.   A piece of wire is cut with the first piece being 8 
cm, and the next piece 1.5 times the previous cut. 
Then the 5th piece is... cm 
A. 18                                     D.   35 
B. 24                                     E.   40,5 
C. 27,5 
 
Reason: .................................................................... 

 

18.  The sum of an infinite geometric series is 12 and the 
first term is 9. The ratio is ... 
A. 

3

4
                                     D.  −

1

2
 

B. 
1

4
                                     E.  −

3

4
 

C. 
1

3
 

 
        Reason: .................................................................. 
 

19. A  ball falls from a height of 10 m and bounces 
back 3/4 times its previous height. The total 
number of paths until the ball stops is....  m 
A. 60                                    D.   90 
B. 70                                    E.   100  
C. 80  

 
       Reason: ........................................................ 

 

20. Given [4 8 5
6 3 1

] = [
2𝑎 𝑏 + 𝑎 5
6 3 1

].  

 
The value of  3a + b is ... 
A. 8                                    D.   14 
B. 10                                  E.   20 
C. 12 

 
       Reason: ......................................................... 

21. Given  𝐾 = [
𝑎 2 3
5 4 𝑏
8 3𝑐 11

]  and  𝐿 =

[
6 2 3
5 4 2𝑎
8 4𝑏 11

].  

 
If K = L, then cis  ... 
A. 12                                      D.   15 
B. 13                                      E.   16 
C. 14 
 
Reason: ................................................................ 
 

22. Given 𝐴 = [
1 2
3 4

] , 𝐵 = [
2 3
0 1

] , 𝐶 = [
5 2

−1 0
].  

 
Then  (A + C) – (A + B) is ... 

𝐴.   [
5 4
5 4

] 𝐷.   [
3 −1

−1 −1
] 

𝐵.   [
4 7
2 5

] 𝐸.    [
7 −1
1 −1

] 

𝐶.  [
4 0

−4 −4
] 

 
Reason: ..................................................................... 
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23. Given matrix  𝑃 = [
1 3 1
2 4 5
0 7 6

], then (𝑃𝑡)𝑡 adalah 

... 

𝐴.   [
1 2 0
3 3 7
1 5 6

]                         D.   [
0 7 6
2 4 5
1 3 1

] 

𝐵.   [
1 3 1
3 3 7
1 5 6

]                         E.    [
0 7 6
2 4 5
1 3 1

] 

𝐶.   [
1 3 1
2 4 5
0 7 6

] 

 
           Reason: ................................................................. 

 

24. Given matrix 𝐴 = [
2𝑥 −5
3 𝑦

], 𝐵 = [
𝑦 2
2 4

],  and 

𝐶 = [
8 −3
5 2𝑥

].   

 
If  A + B = C,  then  x + y = ... 
A. –5                                D.   3                                          
B. –1                                E.   5 
C. 1 
 
Reason: .......................................................... 
 

25. If  𝐴 = [3 5] and 𝐵 = [
1 4
2 6

],  then 2AB adalah 

... 
𝐴.   [13 42]                             D.   [13 84] 
𝐵.   [26 84]                             E.    [30 36] 
𝐶.   [26 42] 

 
 Reason: ................................................................... 

 
 

26. If  [ 1 −3
−2 4

], 𝐵 = [
−2 0
1 3

], and 𝐶 = [
3 −1
1 −2

] 

 
then  A(B – C) = ... 
 

𝐴.   [
−5 −14
10 18

]                       D.    [ 1 −2
−2 2

] 

𝐵.   [
−5 −4
10 6

]                          E.    [−7 19
−2 20

] 

𝐶.   [
1 −16

−2 22
] 

       Reason: .......................................................... 

27.  Matrix X  that satisfies  [1 2
3 4

] 𝑋 = [
4 3
2 1

]  is ... 

𝐴.    [
−6 −5
5 4

]                       D.    [ 4 −2
−3 1

] 

𝐵.    [
5 −6
4 5

]                          E.   [ 4 −2
−3 1

] 

𝐶.    [
−6 −5
4 5

] 

Reason: ............................................................ 

28. If  matrix𝐴 = [
3 −𝑥
6 8

] is singular matrix.  

Value of x that satisfies is …. 
 
A.  – 5                                D.   3 
B. – 4                                 E.   4 
C. – 3 

 
       Reason: ........................................................... 

 

29. Given matrix A = [
0 2 3

−2 0 4
−3 −4 0

], then matrix 

determinant  A is ... 
A. 0                                      D.   2 
B. 1                                      E.   4 
C. 2 
 
Reason: ................................................................ 

 
 

30. Transpose matrix P adalahPT. If 𝑃 = [
4 7
3 5

] then 

matrix (PT) – 1is  ... 

𝐴.    [
−5 7
3 −2

] 𝐷.   [
−3 5
4 −7

] 

𝐵.   [
3 −4

−5 7
] 𝐸.   [

4 −3
−7 5

] 

𝐶.   [
−5 3
7 −4

] 

Reason: ................................................................... 

31. Given 𝐴 = [
4 3
2 2

] and 𝐵 = [
5 2
3 1

].  

Inverse matrix ABadalah (AB) – 1 = ... 

𝐴.   
1

2
[
−6 11
16 −29

] 𝐷.  −
1

2
[

6 11
16 29

] 

𝐵.   
1

2
[
29 11
16 6

] 𝐸.   −
1

2
[
−6 11
16 −29

] 

𝐶.  −
1

2
[
29 11
16 6

] 

Reason: ............................................................... 
 

32. The roots of the quadratic equation  3 dan – 4 are ... 
𝐴.   𝑥2 + 𝑥 − 12 = 0 
𝐵.   𝑥2 − 𝑥 − 12 = 0 
𝐶.   𝑥2 − 𝑥 + 12 = 0 
𝐷.   𝑥2 − 3𝑥 + 4 = 0 
𝐸.   𝑥2 − 4𝑥 + 3 = 0 
 
Reason: ..................................................................... 

33. The roots of the quadratic equation5𝑥2 + 4𝑥 −
12 = 0 are … 
𝐴.  − 2 dan 

5

6
𝐷.   − 2 dan −

6

5
 

𝐵.   2 dan −
5

6
𝐸.   − 2 dan 

6

5
 

𝐶.   2 dan 
6

5
 

 
Reason: ................................................................. 

34. The roots of the equation𝑥2 − 2𝑥 − 3 = 0 are 𝑥1 
and 𝑥2.  If 𝑥1 > 𝑥2, then  𝑥1 − 𝑥2is  … 
𝐴.   − 4                                        D.  2 
𝐵.   − 2                                        E.  4 
𝐶.   0 

 
       Reason: .......................................................... 
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35. The roots of the quadratic equation2𝑥2 − 3𝑥 −
9 = 0 are  𝑥1 dan 𝑥2.  Value of  𝑥1

2 + 𝑥2
2  is  … 

 
𝐴.   11

1

4
                                       D.  −6

3

4
 

𝐵.   6
3

4
𝐸.  − 11

1

4
 

𝐶.   2
1

4
 

 
Reason: .............................................................. 
 

36. The roots of the quadratic equation:  
𝑥2 + 2𝑥 + 3 = 0 are α dan β. The quadratic 
equation(α – 2) dan (β – 2) is  … 
a. 𝑥2 + 6𝑥 + 5 = 0 
b. 𝑥2 + 6𝑥 + 7 = 0 
c. 𝑥2 + 6𝑥 + 11 = 0 
d. 𝑥2 − 2𝑥 + 3 = 0 
e. 𝑥2 + 2𝑥 + 11 = 0 
 
Reason: ......................................................... 
 

37.  A quadratic function that has a minimum value 2  
for  x = 1 and has a value of 3 for x = 2 is … 
A. 𝑦 = 𝑥2 − 2𝑥 + 1 
B. 𝑦 = 𝑥2 − 2𝑥 + 3 
C. 𝑦 = 𝑥2 + 2𝑥 − 1 
D. 𝑦 = 𝑥2 + 2𝑥 + 1 
E. 𝑦 = 𝑥2 + 2𝑥 + 3 
 
Reason: ............................................................. 
 

 

38. The figure  below is a graph of the quadratic 
equation ? … 
𝐴.   𝑦 = 𝑥2 + 2𝑥 + 3 
𝐵.   𝑦 = 𝑥2 − 2𝑥 − 3 
𝐶.   𝑦 = −𝑥2 + 2𝑥 − 3 
𝐷.   𝑦 = −𝑥2 − 2𝑥 + 3 
𝐸.   𝑦 = −𝑥2 + 2𝑥 + 3 

 
       Reason: ......................... 

39.  If f is a quadratic function whose graph passes 
through the points (1,0), (4,0) and (0, –4) then the 
value of f(7) is … 
A.  – 16                                    D.  – 19 
B. – 17                                     E.   – 20 
C. – 18 
 
Reason: ...................................................... 
 

40. The graph equation of a quadratic function has an 
extreme point  (–1, 4) and through (0, 3) is  … 

𝐴.   𝑦 = −𝑥2 + 2𝑥 − 3𝐷.   𝑦 = −𝑥2 − 2𝑥 − 5 
𝐵.   𝑦 = −𝑥2 + 2𝑥 + 3𝐸.   𝑦 = −𝑥2 − 2𝑥 + 5 

𝐶.   𝑦 = −𝑥2 − 2𝑥 + 3 
 
Reason: .............................................................. 
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Abstract: This research is a developmental research aiming at developing a good 

mathematical test instrument using polytomous responsesbased on classical and modern 

theories. This research design uses the Plomp model, which consists of five stages,(1) 

preliminary investigation, (2) design, (3) realization/construction, (4) revision, and (5) 

implementation (testing). The study was conducted in three vocational schools in 

LampungProvince, Indonesia. The study involved 413 students, consisting of 191 male and 

222 female students. The data were collected through questionnaire and test. The 

questionnaire was usedto identify the assessmentinstruments currently employed by teachers 

and to be validated by the experts of mathematics and educational evaluation. The test used 

an open polytomous response test numbering of40 items. The data were analyzed using both 

classical and modern theories.The results show that (1)the open polytomous response test has 

a good category according to classical and modern theory.However, the discrimination 

poweroftest itemsin classical theoryneeds several revisions,(2)the assessment 

instrumentusingthe polytomousresponse of openmultiplechoicecanguaranteeinformation on 

the actual competence of students.This is proven by the fact thatthereis aharmonybetween 

theanalysisresultobtained from classical andmodern theory from the students' arguments 
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when giving reasons for their choices. Therefore, the open polytomous response test can be 

used as an alternative to learning assessment.  

Keywords: Assessment instrument, classical and modern theory, vocational school,  

polytomous responses 

 

Introduction 

Assessment is an important activity that needs to be administeredby teachers in schools. The 

conventional paradigm often interprets assessment as a way to find out the achievement of 

student learning outcomes as a whole, so that the assessment is positioned as a separate 

activity from the learning process (Syaifuddin, 2020). Referring to the current paradigm, 

assessment in schools was divided into three types, e.g., assessment as learning, assessment 

for learning, and assessment of learning (Wulan, 2018). The three types of assessments aim 

to provide recognition of the achievement of student learning outcomes after the learning 

process (Earl, 2013).Belowisthe assessment pyramid (Figure 1). 

 

Figure 1. Assessment Pyramid 
 

Assessment can be administeredthroughatest. A test is a tool or procedure used to find out or 

measure students' abilities in particularareas with specificrules (Arikunto, 2012). A test 

consists of two types, namely multiple-choice and essay. A multiple-choice test is a form of 

assessment in which each item provides options, and one of the options is the correct answer. 

An essay test is a form of assessment that requires answers in sentences or words. Each type 

of test has its own strengths or weaknesses. The strengths of multiple-choice test over 
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essaytestarefirstly,the test can be conducted for many students, itis more objective, and the 

test results can be obtained more quickly. In addition tothe strengths,ithasseveral 

weaknesses.The multiple-choice test is not able to portraythe actual abilities of students, the 

answers of thistesttend to be guessing gamesor trialanderror(Rosidin, 2017). In addition, the 

strength of the multiple-choice test has a scoring certainty compared to the essay test, namely 

1 and 0 (score 1 for the correct answer, and 0 for the wrong answer). A multiple-choice test 

with only two answer choices iscalled a "dichotomous test," and a multiple-choice test with 

more than two answer choices iscalled a "polytomous test"(Kartono, 2008). 

Untilquite recently, multiple-choice test has been widely used by teachers to assess students' 

abilities, especially those with a large number and a wide area of expertise. To reduce the 

weakness of multiple-choice test, in the last four decades, experts have developed multiple-

choice test by combining multiple-choice test and essay into multiple-choice test with reasons 

orhenceforthcalled as polytomous response test(Suwarto, 2012). The polytomous response 

test score ranges from 1 – 4in whichscore 4 for the correct answer and reason, score 3 for the 

correct answer but the wrong reason, score 2 for the wrong answer but the correct reason, and 

score 1 for the wrong answer and reason(Kartono, 2008). 

In the 1980s, the first test that was focused on and developed by experts was the closed 

polytomous response test, also known as the two-tier test(Treagust, 1988). This test consists 

of two levels: the first is choosing answers on the multiple-choice test, and the second level is 

choosing reasons based on the answer choices at the first level (Chandrasegaran et al., 2007).  

Several studies on the closed polytomousresponse test have been carried out, such asa test on 

mathematical ability in middleschool (Hilton et al., 2013; Rovita et al., 2020), a test on 

calculus material (Khiyarunnisa & Retnawati, 2018), test on higher order thinking 

mathematical skills(Sundari, et al., 2021), and test on mathematical connection material 
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(Lestari et al., 2021). Although the closed polytomous response test has been widely 

developed, researchers have found weaknesses in the test, such as students' misconceptions or 

students' actual competencecannot be identifiedin detail (Antara et al., 2019), the test 

instrument is difficult to construct (Khusnah, 2019), and student answers are still guessed 

(Myanda et al., 2020). However, there are strengths in the closed polytomous response test, 

such as the consistency of student answers errors, which is easily observed(Treagust, 1988), 

and the suitability between the student's answer choices and the reason is easy to know (Diani 

et al., 2019). 

To reduce the weakness of the closed polytomous response test, the experts modified the test 

into an open polytomous response test. The open polytomous response test is a form of 

multiple-choice test that provides a place to write arguments for the answer choices 

(Retnawati, 2014). The studies on the open polytomous response test that have been carried 

out aretest on calculus material in universities (Yang et al., 2017) and test on mathematics 

material in senior schools(Ayanwale, 2021) and junior schools (Falani et al., 2020).These 

studies developedopen polytomous response tests for students in college and senioror junior 

school. Students in college and senior orjunior school learn mathematics as a primary subject, 

while students in vocational schools learn mathematics as a secondary subject (Oktaria, 

2016). In addition, students in vocational schools are more oriented towards practical abilities 

and skills, in contrast to students in college or high school who are more academically 

oriented, including in Indonesia (Permendikbud, 2016). 

Currently, the Indonesian government expectsthatvocational schoolsis notacademicallyleft 

behind especially in mathematics. The government's commitment is to improve the methodof 

assessing student learning in vocational school, and the currentassessment method is 

usingpolytomus test. Often, students pay less attention during math exams for several 
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reasons, such as considering mathematics as an unimportant subject (Putri et al., 2017), 

mathematics as a complicated subject (Vani et al., 2019), and mathematics as a boring subject 

(Ikmawati, 2020). Therefore,thestudents tend to answer the test by guessing. To avoid the 

tendencies, it is necessary to develop a polytomus response test (closed or open). 

Byconsidering the disadvantages of the closed polytomous response test, it is reasonable to 

conduct research by developing open polytomous response test for students in vocational 

schools. 

The test instrumentdeveloped must be reliable as a good test, and thereforeit isnecessary to 

analyze the quality of test items(Rosidin, 2017). There are two theories for analyzing the item 

quality, namely classical and modern. Classical theory is a measurement theory for assessing 

test based on the assumption of measurement errors between actual results and observations, 

and from the assumption, aformula for calculating the level of difficulty and item 

discrimination was developed (Hambleton & Jones, 1993). The modern theory is a 

measurementtheory to assess students' abilities by comparing students' abilities with their 

group abilities, and itis known as Item Response Theory/IRT (Hambleton & Linden, 1982). 

Classical theory is widely used by teachers because it is easy to apply. However, this classical 

theory has a weakness, namely, it cannot separate the characteristics of students and items. 

The modern theory is a solution to overcome the weaknesses of the classical theory because, 

in the modern theory, an item does not affect other items (local independence), items only 

measure one dimension (unidimensional) (Anisa, 2013), and an item eliminates the 

relationship between respondents and items (parameter invariance) (Saepuzaman et al., 

2021). Therefore, experts suggest that the test instrument is accountable; the quality of the 

items must be good according to the analysis of classical and modern theory (Retnawati, 

2014). 
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Therefore, the aim of the research is to develop a good mathematical test instrument using 

polytomous responses according to classical and modern theories in vocational schools. The 

research problems are stated as follows:(1) Does the open polytomous response test 

developed have a good category so that it can be used as an assessment instrument in 

vocational schools based on classical and modern theory?and (2) Doesthe open polytomous 

response test instrument developed provide information on students' actual competence in 

vocational schools? 

Methodology 

Research Design 

This research is a research and development modelthat refers to Plomp’s (2013) model, with 

the research procedure consisting of five stages: preliminary investigation, design, realization 

or construction, test phase, revision, and implementation (test). 

 

 

 

 
Figure 2. Stages of Research Design 

The preliminary investigation stage is to identify the currentassessment instruments used by 

teachers. The design stage is to make the open polytomous response test grid according to the 

basic competencies of mathematical concepts and to make a quality assessment questionnaire 

sheet. The realization/construction stage is developing the items test validated by an expert 

process for the items test. The revision stage is the improvement of items on the test based on 

expert advice. The implementation (testing) stage is to try out the test on students and 

toanalyze the results of the test. 

Realization/construction Design Preliminary investigation 

Implementation (Test) Revision 
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 Research Subject 

The subjects of the study were students of vocational schools situatedin the province of 

Lampung, Indonesia. The research sample was determined using a non-probability sampling 

technique in the form of accidental sampling, which means taking a subject based on a 

subject that is easy to find and ready to be a respondent(Malhotra, 2006). The selected 

schools were three schools as representatives, namely the Mitra Bhakti vocational school, the 

Praja Utama vocational school, and the Ma'arifNU vocational school. The research subjects 

were 413 students in grade I (male students = 191, and female students = 222), whose 

mathematical abilities on the National Exam (NE) were categorized as moderate (average 

64.67 out of the ideal score of 100). The following are the characteristics of the research 

subjects in detail shown in Table 1. 

Table 1. Research Subjects 

Vocational Schools Grade 
The Number of Students 

Average of NE 
Total Male  Female 

Mitra Bhakti 
I-A 13 5 8 64.24 
I-B 23 10 13 62.4 
I-C 29 9 20 65 

Praja Utama 

I-A 40 40 0 64 
I-B 39 39 0 64.62 
I-C 43 15 28 68.72 
I-D 38 15 23 67.9 
I-E 41 14 27 67.56 
I-F 40 17 23 63.38 
I-G 40 8 23 67.74 

Ma’arif NU 
I-A 31 14 17 62.1 
I-B 36 5 51 58.34 

Total 413 191 222  64.67 

 

Data Collection Techniques 

Data were collected using a questionnaire and a test. The questionnaire contains several 

questions to the teacher about the instrument for assessment used by the teacher and also 

expert validity of the instrument developed to determine content validity (Suhaini et al., 

2021). The instrument was validated by two raters who have expertise in mathematics and 

educational evaluation. The three aspects assessed by the expert were the suitability of the 
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items with the indicators, language, and alternative answers to the questions. The score 

validating the instrument follows the criteria as in Table 2 below. 

Table 2. Content Validity Score 

Description Score 
Irrelevant 1 

Quite relevant 2 
Relevant 3 

Very relevant 4 
 

After determining the content validity, the instrument was tested to students. Then, it was 

continued by determining the validity of the construct and its reliabilityto ensure that the 

instrument could be further analyzed. 

The instrument used was the open polytomous response test, which consisted of 40 questions 

on the concepts of sequences and series (arithmetic and geometry), quadratic equations and 

functions, and matrices. Each item contained five answer choices along with the reasons. 

Student scores arereferred to the polytomous score in the Partial Credit Model, where answer 

choices and reasons were related(Retnawati, 2014), as shown in Table 3 below. 

Table 3.Scores for Student Answers 

Student Answers 
Score 

Answer Options Reason 
False False 1 
False Right 2 
Right False 3 
Right Right 4 

Data Analysis 

The collected data were analyzed in two stages: (1) questionnaire data analysis (qualitative 

analysis) and (2) test data analysis (empirical analysis).The following is an explanation of 

each data analysis: 

1. Questionnaire data analysis (qualitative analysis) 

There are two sets of questionnaire datanamely, identification of assessment instruments in 

schools and expert assessment of the assessment instruments developed. The results of the 
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two questionnaires were analyzed descriptively. Specifically for expert judgment, it was 

continued with an analysis of expert agreement that used the Gregory index formula 

(Gregory, 2015), namely: 

V = 
𝐷

𝐴+𝐵+𝐶+𝐷
 

Description: 
V = Content Validity 
A = Rater 1 and 2 are weak 
B = Rater 1 is strong, and rater 2 is weak 
C = Rater 1 is weak, and rater 2 is strong 

D = Rater 1 and 2 are strong 
The interpretation of Gregory's formula is that the number V is in the range of 0 to 1. The 

higher thenumber V (close to 1 or equal to 1), the higher the value of the validity of an item. 

Conversely, the lowerthe number V (close to 0 or equal to 0), the lower the validity of an 

item. 

2. Test data analysis (empirical analysis) 

After conductingthe content validity test, the researchersconductedthe construct validity and 

reliability test. The construct validation test used exploratory factor analysis. The instrument 

is considered to havinggood construct if the explained Kaiser-Meyer-Olkin (KMO) value is 

greater than 0.5 (Retnawati, 2014). Reliability test using Cronbach's alpha formula. The 

instrument is said to have good reliability if the coefficient value of Cronbach's Alpha is 

0.60(Arikunto, 2012). If the instrument has good construct validation, further test can be 

analyzed, namely the level of difficulty and item discrimination. The reason for analyzing the 

level of difficulty and item discrimination is that they are both preliminary analyses of the 

assumptions of measurement theory (Hambleton & Jones, 1993). To simplify the process of 

analyzing the level of difficulty and item discrimination, the Iteman program was used for 

classical theory and the Winsteps program for modern theory (Sarea & Ruslan, 2019). The 

Winsteps program was used because it had several advantages; namely, it can analyze 
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polytomous data and calculate the maximum likelihood model using a 1-parameter logistic 

model (Untary et al., 2020). 

2.1 Analysis of test data with classical theory 

a. The item difficulty level is the percentage of the number of students who answered 

correctly or incorrectly. If the item has an index of 0.3-0.7, then the item is good; if 

the item has an index below 0.3, then the item is difficult; and if the item has an index 

above 0.7, then the item is easy. 

b. Discrimination is the ability of a test to distinguish between high-ability students and 

low-ability students. Discrimination is said to be good if it has an index above 0.3, 

and if the discrimination index is below 0.3, then the question needs to be revised 

(Arikunto, 2012). 

2.2 Analysis of test data with modern theory 

a. The item difficulty level is the level of the student's latent trait towards the item. The 

difficulty of the items determines the ability of about 50% of the respondents who are 

expected to answer items correctly (DeMars, 2010). An item is said to be good if it 

has an index of between -2 and +2 (Hambleton & Swaminathan, 1985). If the index is 

close to -2, then the item is classified as very easy, and if the index is close to +2, the 

item is classified as very difficult (Retnawati, 2014). In the Winsteps program, the 

item difficulty level is in the Measure column. 

b. Item discrimination is indicated by the slope of the curve on the item characteristics. 

The item is said to have good discrimination if the slope of the curve is moderate (not 

too gentle or steep) because if the slope of the curve is too gentle or steep, then the 

item is not good. Another opinion states that a good index is above 0.4 (Crocker & 

Algina, 1986). In the Winsteps program, the item discrimination is in the Pt-Measure 

Correlation column. 
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According to modern theory, before analyzing the item difficulty level and discrimination, 

three assumptions must be tested, namely unidimensionality, local independence, and model 

fit (Hambleton et al., 1991). Unidimensional means that each test item only measures one 

ability. There are three ways that are often used to test unidimensionality, namely the analysis 

of the Eigenvalue of the correlation matrix between items, the Stout-test on the 

unidimensional assumption test, and the index based on the residuals of the unidimensional 

solution (DeMars, 2010). In this study, the dimensional test used the Eigenvalue analysis of 

the correlation matrix between items. 

Local independence is the state of the respondent's answer to an item that is not influenced by 

other items. Local independence test by proving that the probability of the respondent's 

answer pattern is the same as the probability of the respondent's answer to each item. If the 

unidimensional assumption is accepted, the local independence assumption will also be 

accepted (DeMars, 2010). Use the Model Fit Test to find out whether the model used is in 

accordance with the items. Test the fit of the model by measuring the outfit mean square 

(MNSQ) and PT-Measure. If the outfit’s MNSQ value is 0.5 to 1.5 and the Pt-Measure 

Correlation is positive, it is said that the item fits the model (Linacre, 2012). In addition, the 

information function and standard error measurement (SEM) are analyzed, which aims to 

further explain the latent ability as measured by using a test that is expressed through item 

donations. 

Findings/Results 

Analysis of Questionnaire Data 

Based on the results of the questionnaire, it was found that the teacher had never used the 

polytomous response. As many as 80% of teachers used essay tests and 20% of teachers used 

multiple-choice tests, with each instrument consisting of 2-5 items. In addition, about 10% of 
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teachers used this assessment as a means for learning improvement, such as improving lesson 

plans and teaching methods. The results of the questionnaire stated that 90% of teachers who 

did not use assessment as an improvement in learning were caused by several aspects, such as 

teachers did not understand assessment (20%), teachers did not know how to analyze 

assessments (50%), and teachers did not know how to develop good assessment questions 

(30%). The following is the summary of the questionnaire from the identification data. 

 

Figure 3. Description of Teacher Conditions in Assessment 

Content Validity 

The results of the two expert assessments showed that the content validation instrument is 

good. Furthermore, the analysis of expert judgment agreement was obtained as shown in 

Table 4 below. 

Table 4. The Gregory Item Index 
 Rater 1 

Weak strong 

Rater 2 
weak 0 0 
strong 0 40 

Index Gregory 1 
 

Based on the results of the assessment in Table 4, it can be concluded that the instrument is 

valid because the value of V reaches a value of 1. Therefore, the instrument test can be 

continued. In addition to providing assessments, the experts also provided some suggestions 

for improvements to the instrument, namely the preparation of questions using the ABCD 

80%

20%

Test type

essay

multiple
choice

10%

90%

Assessment

revised

not revised

20%

50%

30%

The cause 

not
understandin
g
not knowing

not
developing
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format (Audience, Behavior, Competence, and Degree), avoiding the use of ambiguous 

language or statements, improving mathematical concepts, making alternative answer choices 

that are misleading, and arranging them in order. 

Analysis of Test Data 

Construct Validity 

After testing the instrument, it was followed by a construct validity test. The results of the test 

with exploratory factor analysis are shown in Table 5. 

Table 5. Exploratory Factor Analysis 

KMO and Bartlett's Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
Bartlett's Test of Sphericity Approx. Chi-Square 1936.378 

Df 780 
Sig. .000 

 

Based on Table 5, the explained KMO value is 0.76 (more than 0.5), and it can be concluded 

that the variables and samples used to allow for further analysis. 

 
 Reliability 

The results of the estimation of the reliability of the instrument obtained aCronbach's alpha 

coefficient value is 0.89 (more than 0.6). It means that the instrument has good reliability so 

that the analysis of the level of difficulty and item discrimination can be continued according 

to classical and modern methods. 

Table 6. Reliability of Items 

Cronbach’s Alpha N of Items 
0.892 40 

 

Analysis of Test Data with Classical Theory 

Analysis of test data in the classical way did not require testing assumptions, but the analysis 

of the difficulty level of the items and the distinguishing power of items could be directly 
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calculated if the validity and reliability have been met. The results of the two analyses are 

presented in Table 7 below. 

Table 7. The Item Difficulty Level and Discrimination 
Item Difficulty 

Level 
Category Discrimination Category Item Difficulty 

Level 
Category Discrimination Category 

1 0.538 good 0.196 Revised 21 0.482 good 0.143 revised 
2 0.487 good 0.179 Revised 22 0.535 good 0.429 good 
3 0.528 good 0.214 Revised 23 0.492 good 0.250 revised 
4 0.540 good 0.304 Good 24 0.438 good -0.071 Revised 
5 0.489 good 0.089 Revised 25 0.436 good -0.107 Revised 
6 0.446 good -0.161 Revised 26 0.385 good -0.286 Revised 
7 0.438 good -0.232 Revised 27 0.383 good -0.321 Revised 
8 0.453 good -0.143 Revised 28 0.416 good -0.143 Revised 
9 0.414 good -0.143 Revised 29 0.458 good -0.125 Revised 
10 0.409 good -0.339 Revised 30 0.385 good -0.375 Revised 
11 0.438 good -0.143 Revised 31 0.404 good -0.321 Revised 
12 0.436 good -0.036 Revised 32 0.433 good -0.250 Revised 
13 0.400 good -0.321 Revised 33 0.441 good 0,036 Revised 
14 0.450 good -0.036 Revised 34 0.424 good -0.268 Revised 
15 0.462 good 0.250 Revised 35 0.412 good -0.321 Revised 
16 0.453 good -0.089 Revised 36 0.431 good -0.304 Revised 
17 0.416 good -0.143 Revised 37 0.404 good -0.232 Revised 
18 0.419 good -0.196 Revised 38 0.363 good -0.482 Revised 
19 0.431 good -0.232 Revised 39 0.230 good -0.929 Revised 
20 0.441 good -0.089 Revised 40 0.211 good -1.071 Revised 

 

Based on Table 7, it was found that all items have an item difficulty level in the index range 

of 0.3 to 0.7, so they are categorizedin the good category. Meanwhile, only two items on 

discrimination had good categories, and the remaining items needed to be revised. The results 

indicated that all items were good based on the level of difficulty, butalmostall items needed 

to be revised for item discrimination. 

 
 Analysis of Test Data with Modern Theory 

The Unidimensional Assumption Test 

The unidimensional assumption test is the first assumption test with factor analysis. Factor 

analysis begins by testing the adequacy of the sample to be used in the analysis, constructing 

a variance-covariance matrix, and then calculating the Eigenvalue. The Eigenvalue was then 

used to calculate the percentage of explained variance, as well as to describe the scree plot 

(Retnawati, 2014). The output of factor analysis was the Kaiser-Meyer-Olkin Measure of 

Sampling Adequacy (KMO) statistic and scree plot. 
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Table 8. The KMO Test 

KMO Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
 Sig. .000 

 

The unidimensional test is seen based on the cumulative percentage of Eigenvalue and scree 

plot analysis results. If the cumulative percentage of the first-factor Eigenvalue is greater than 

20%, then the unidimensional assumption is fulfilled (Retnawati, 2014). In Table 9, it can be 

seen that the cumulative percentage of the first-factor Eigenvalue is 20.220%. Because the 

Eigenvalue is more than 20%, this instrument is proven to only measure one factor or 

dimension. 

Table 9. Total Variance Explained 

Component 
Initial Eigenvalue 

Total Variance (%) Cumulative (%) 
1 8.088 20.220 20.220 
2 1.458 3.646 23.865 

 

In addition, the unidimensional test can also be seen on the scree plot, which is based on the 

number of factors marked by the steepness of the graph with the acquisition of Eigenvalue. 

 

Figure 4. Scree Plot Unidimensional 

Based on the scree plot, it is known that the Eigenvalue immediately slope on the second 

factor. It demonstrates that the developed instrument has only one dominant factor.The 
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results prove that the test kit meets the unidimensional assumption, or in other words, only 

measures one dominant factor. 

Local Independence Assumption Test 

The local independence assumption test will be fulfilled if the student's answer to one item 

does not affect the student's answer to another item. Thus, the score of one item should not be 

determined or dependent on the scores of other items. This confirms that this assumption 

automatically proves that students' answers do not affect answers to other items(Retnawati, 

2014). 

Table 10. The Covariance Matrix. 
 K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 

K1 0.0486                

K2 0.012 0.0042               

K3 0.0105 0.0034 0.0032              

K4 0.0317 0.0106 0.0093 0.0293             

K5 0.01 0.0032 0.0029 0.0085 0.0028           

K6 0.0069 0.0023 0.0021 0.0062 0.002 0.0016         

K7 0.0036 0.0011 0.0009 0.0028 0.0009 0.0007 0.0004       

K8 0.0041 0.0015 0.0012 0.0037 0.0011 0.0008 0.0004 0.0006     

K9 0.0074 0.0024 0.0022 0.0065 0.002 0.0015 0.0007 0.0009 0.0017   

K10 0.021 0.0061 0.0054 0.0148 0.0051 0.0039 0.0017 0.0025 0.0043 0.0196 

 

Table 10 shows the results of the variance-covariance values between groups of students' 

abilities. In the table, it can be seen that the covariance value between the ability interval 

groups located on the diagonal is small and close to zero. This result shows that there is no 

correlation, so it can be said that the local independence assumption test is accepted. 

Model Fit 

The model fit test was analyzed using the Winsteps program. The item requirements are 

called "fit to the model."If the Outfit MNSQ value is 0.5 to 1.5 and the Outfit ZSTD value is -

2 to 2, and the Pt-MeasureCorrelation is positive, then it can be said that the item fits the 

model (Sumintono & Widhiarso, 2015). An item is considered fit if one of the conditions is 

accepted. In addition, it can also be seen from the MNSQ infit of 0.77 to 1.3, but at this stage, 
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the fit of the model is only taken on the MNSQ and Pt-Measure outfit values. Based on the 

results of the analysis, all items matched the model or fit (Figure 5). 

 

Figure 5. Item Fit on Model 

 
The Item Difficulty Level 

The item difficulty level was analyzed using the Winsteps program, and the results obtained 

were presented in Table 12 (Measure column). The item difficulty level is in the range of -

0.70 to 0.84. From Table 12, the highest difficulty level is item 40 (difficulty level 0.84), and 

the lowest difficulty level is item 1 (difficulty level -0.70). Since the difficulty level is in the 

range of 2 and 2, it can be concluded that all items are in the good category. If further divided 

into three categories, the difficulty level of items in the range of -0.7 to 0.84 is moderate 

(Sumintono & Widhiarso, 2015). It can also be seen on the difficult map items, namely that 

the difficulty level is in the range of -2 and 2. 
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Figure 6. Item Difficulty Level 

 

 

Figure 7. Item Difficulty Map 
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The Item Discrimination 

The item discrimination analysis used the Winsteps program, and the results are presented in 

Figure8 (PT-Measure Correlation column). Item discrimination is in the range of 0.23 to 

0.74, with details of 27 items having an index above 0.4 (good category), and 13 items having 

an index below 0.4 (bad category). However, the 13 items can be used as an instrument as 

long as the index is above 0 (Alagumalai et al., 2005). 

 
Figure 8. Item Discrimination 

 
Comparative Analysis Between Classical and Modern Theory 

The results of the analysis of classical and modern theories obtained the index of difficulty 

level and item discrimination as follows. 
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Table 11. Comparison of Classical and Modern Theories 

Parameter 
Classical Theory Modern Theory 

Many Items with 
Good Categories 

Percentage Many Items with 
Good Categories 

Percentage 

Difficulty level 40 100 40 100 
Item discrimination 2 0.05 27 67.5 

 
Based on Table 11, the level of item difficulty analyzed by classical and modern theory has 

the same results (good category). However, item discrimination using modern theory has 

more items in the good category than classical theory. If we compare the index of 

discriminatory items between classical (Table 7) and modern (Figures 6 and 8), it can be seen 

that there is a match between the categories of item discrimination. It means that if item 

discrimination is not good with the classical theory, then item discrimination is also not good 

with the modern theory (13 items correspond to the item discrimination index, and 27 do not 

match). 

Information and Measurement Error (SEM) Function 

The function of information to reveal latent ability was measured by using a test that was 

expressed through item donation. The test information function is also the sum of the 

functions of each item. The information function is inversely proportional to measurement 

error, or standard error measurement (SEM). The value of the information function of the test 

device will be high if the items that make up the test have a high information function. The 

following is a picture of the curve of the relationship between the information function and 

SEM. 

 

Figure 9. Graph of Information Function and Measurement Error 
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Figure 9 shows that this instrument provides information of 22.36 (maximum) and has a 

measurement error of 0.21 (smallest) for medium-ability students. The lower and upper limits 

of the interval are the ability scores where the graph of the information function and the SEM 

graph intersect at that interval. This graph states that the greater the value of the information 

function, the smaller the measurement error (SEM), and the item information function 

expresses the strength or contribution of the test items in revealing the latent trait as measured 

by the test. This information function provides a description of the item according to the 

model (which helps with item selection) (Retnawati, 2014). These results conclude that this 

test instrument is suitable for students with medium abilities. 

Based on the test results, it can also be seen that the actual competency information of 

students in the vocational school was based on the test answers. Instrument analysis is based 

on two patterns of student answers that have the same tendency based on Bloom's Taxonomy 

(Bloom, 1956). A total of six student answers were selected as samples with different abilities 

(high, medium, and low). 

Item 1: The cognitive domain to be achieved is C2 (Understanding). Based on students' 

answers, the two dominant patterns of student answers are: (1) students have understood the 

general form of arithmetic sequences and know the first term and other terms, and (2) 

students have not been able to formulate general forms in arithmetic sequences and perform 

algebraic operations on general forms arithmetic sequence. 

 Question 1: Pattern 1: Pattern 2: 

 

  

Figure 10. An ExampleofStudent Answers in Item 1 
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Item 2: The cognitive domain to be achieved is C2 (understanding). Based on students' 

answers, the two dominant patterns of student answers are (1) being able to understand the 

number of terms in a sequence by using the general formula for an arithmetic sequence, or 

determining the number of arithmetic sequences without using a general formula (only 

writing down all the terms from the first term until the last term) and (2) students who can 

already use the general formula for arithmetic sequences but have not been able to determine 

the number of arithmetic sequences because of errors in performing algebraic operations on 

general arithmetic sequences. 

Question2: Pattern 1 Pattern 2 

 
  

Figure 11. An ExampleofStudent Answers in Item 2 

Item 3: The cognitive domain to be achieved is C3 (applying). Based on students' answers, 

the two dominant patterns of student answers are: (1) students have understood and 

determined the difference between two non-adjacent arithmetic sequences using the general 

formula for arithmetic sequences, and (2) other students can determine the number of 

arithmetic sequences even though they are not using a general formula or by writing the 

terms of the known terms and inserting several terms. 

Question 3: Pattern 1 Pattern 2 

 
 

 
 

Figure 12. An Exampleof Student Answers in Item 3 
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Item 4: The cognitive domain to be achieved is C3 (applying). Based on students' answers, 

the two dominant patterns of student answers are: (1) students have understood and can 

determine the nth term in an arithmetic sequence that is known to be two non-adjacent terms 

using the general formula for arithmetic sequences, and (2) students cannot determine the 

number of arithmetic sequences because it does not use a general formula but by writing the 

terms of the known terms and inserting several terms and continuing until the nth term. 

Question4: Pattern 1 Pattern 2 

 
  

Figure 13. An Example of Student Answers in Item 4 

Item 5: The cognitive domain to be achieved is C1 (remembering). Based on students' 

answers, the two dominant patterns of student answers are: (1) students have understood and 

determined the middle term of an arithmetic sequence, and (2) students can determine the 

middle term of an arithmetic sequence but do not use general formulas, but rather by writing 

the terms from known terms and inserting several terms and then defining them. 

Question 5: Answer Pattern 1 Answer Pattern 2 

 
 

 

Figure 14. An Example of Student Answers in Item 5 

Description ofInstrument Development and Student Ability 

The instrument developed from this research is the open polytomous response test, and all 

parameters have been accepted. This instrument is a combination of a multiple-choice test 
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and an essay. Multiple choice test is easier to check students' answers, but their mathematical 

thinking processes cannot be known in depth. While the essay test has the advantage of being 

able to find deeper mathematical thinking processes, it takes a long time to check the 

answers. 

Analysis of learning instruments is an important source of composite scores in the final 

report. In the final report, the student's ability score was first changed to a score of 0–10 

(previously 0–100). The conversion is done through a linear transformation by dividing the 

student's score by the ideal score.Then, the result is multiplied by 10 to get a value range of 

0–10 or multiplied by 100 to get a value range of 0–100. In the range of 0–10, the scores of 

students' mathematical ability were 8.56 (highest) and 4.31 (lowest), or in the range of 0–100, 

students' math ability scores were 85.6 (highest) and 43.1 (lowest). 

The results of the analysis of student abilities are presented in the form of predicates ranging 

from very low to very high according to the specified category. The results of this analysis 

show that most students have very low to medium abilities, as much as 62% (253 students), 

and the remaining 38% (160 students) have high and very high abilities. Other analysis 

results found that high and very high-ability students tend to work according to concepts with 

more creative completion steps (different from the teacher's example), but students who have 

very low to medium abilities can solve problems according to concepts with less creative 

completion steps (e.g., routine or according to the teacher's example). 

Other results show that the assessment with an open response polytomus makes it easier for 

teachers to explore students' difficulties with a material. Then, from this exploration, the 

teacher can continue with improvements for students who have learning difficulties. An 

important finding of this study is that information about students' learning difficulties through 
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the open polytomus response test is more secondhand and complete than other assessment 

instruments, such as multiple-choice tests(Gierl et al., 2017) or essay tests(Putri et al., 2020). 

Discussion 

This research isdevelopment research aimed at developing a good mathematical assessment 

instrument using polytomousresponses according to classical and modern theories. The 

results of the data analysis found that there were differences in the results of the analysis 

between classical theory and modern theory, namely on item discrimination. Classical theory 

analysis obtained 38 items with bad criteria and only 2 items with good criteria. In contrast, 

modern theory analysis obtained 27 items with good criteria and 13 items with bad criteria. 

According to evaluation theory, modern theory aims to cover the weaknesses of classical 

theory. The results of the classical theory analysis are often categorized as poor, but modern 

analysis results are categorized as good, and vice versa (Retnawati, 2014). That is, an item 

that is not in a good category with classical theory should be analyzed according to the 

modern theory before revising or replacing the item. 

Research on learning assessment with open response polytomous was carried out by Yang et 

al. (2017). This research aims to diagnose student errors in completing calculus material at 

university. The instrument compares two types of test namely the two-tier test and the open 

polytomous response test. The research findings suggest that the open polytomous response 

test provides more detailed information on student error than the two-level test (see Figure 

15). The research findings are in line with the results of this study, which states that the open 

polytomous response test provides more detailed information about students' abilities. 
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Figure 15. An Example of Student Answers on The Two-Tier Test and The Open Polytomous 
ResponseTest 

 
Another study on learning assessment with open response polychromouswas conducted by 

Ayanwale(2021).Ayanwale's research compares two polytomous response test analysis 

methods namely the Parallel and Partial Credit Model. The results of his research stated that 

the Partial Credit Model analysis had a first factor Eigenvalue of 20.5% (ideal Eigenvalue of 

more than 20%) compared to the Parallel analysis, which had the first factor Eigenvalue of 

11.7%. The results of Ayanwale's research are in line with this study, which obtained the first 

factor Eigenvalue of 20.220%, and the author can state that the instrument developed is 

suitable to be used to assess vocational students in Indonesia, maybe even outside Indonesia. 

Other studies related to classical and modern theorywere conducted bySarea (2018)and 

Saepuzaman et al.(2021). Sarea's research states that the response polytomous test has good 

criteria (classical and modern theory), and the classical theory analysis has more items than 

modern theory.Meanwhile, Saepuzaman's research found that the response polytomous test 

had good criteria (classical and modern theory), and the modern theory analysis had more 

items than classical theory. 
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The results of the analysis of student answers obtained information that there were two 

patterns of students' solving questions: (1) formulasand (2) trial and error. Students who use 

formula patterns in solving problems tend to be carried out by high-ability students, and 

students who use trial and error patterns tend to be carried out by students with medium and 

low abilities. Students who use both patterns can answer the questions correctly as shown in 

Figure 16 below. 

 

 

 
(i) 

 

 
(ii) 

Figure 16. An Example of Student Answer Patterns with (i) Formulas, (ii) Trial and Error 

Both patterns of solving math problems are common ways. This is in line with the opinion of 

Mason et al. (2010) that there are several ways that can be used in solving math problems, 

namely trial and error, usinga drawing or model, analogy, and formula. Syahlan(2017) states 

that two ways that students often use to solve math problems are (1) trial and error and (2) 

formulas. Usually, students use trial and error methods to solve easy problems and formulas 

methods to solve difficult questions. If combined with student answers and Syahlan's opinion, 
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students with medium and low abilities in solving easy questions will use trial and error 

methods, and students with high abilities in solving difficult questions will use formulas. 

The results of these student answers can be important information for teachers in teaching 

mathematics. This means that before teaching material, the teacher must know the students' 

initial abilities (high, medium, or low) and the level of difficulty of the material. Some of the 

benefits for teachers who know students' initial abilities are: teachers can develop 

professionally centered on students  (Gonzalez, 2018), teachers can adjust the level of 

cognitive and increase student learning engagement (Dong et al., 2020), assist teachers in 

designing pedagogical practices and correcting students' misconceptions (Geofrey, 2021).In 

addition, the benefit for teachers who know the level of difficulty of a material is that they 

can design remedial learning plans(Muhson et al., 2017; Wulanningtyas et al., 2020).The 

description above shows that there are many benefits that the teacher will get if the teacher 

knows the students' actual abilities, and this can be known by the teacher if the teacher uses 

the open polytomus response test. 

Conclusion 

Based on the results of the research and discussion, it can be concluded that (1) the open 

polytomous response test has a good category according to classical and modern theory. 

Thus, the test instrument requirements are accountable (qualifies for a good test) is a good 

test instrument according to the analysis of the two theories (classical and modern theory), 

and (2) the open polytomous response test can provide information on the actual competence 

of students; this is observed in the students' arguments in giving reasons for their choices. 

This is observed in the students' arguments when giving reasons for their choices. Therefore, 

the open polytomous response test can be used as an alternative to learning assessment. 
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Recommendation 

Based on the research results, there are several recommendations for teachers, schools, and 

other researchers. For teachers, they should familiarize students with giving a test in the form 

of a polytomous response before giving the test. In schools, principals or other leaders should 

encourage other teachers to take advantage of this test and develop other assessment 

instruments. For other researchers, they should conduct research by developing instruments 

with other polytomous responses (assessment of learning and assessment as learning) on 

other materials. In addition, for further research, it is suggested to conduct a study that 

develops an assessment instrument with a learning response polytomous (pretest). This is 

important so that students' prior knowledge can be known and learning can be effective. 

Limitations 

The research carried out has several limitations. Firstly, the selected schools have not met the 

researchers' expectations, for example, representing schools of high, medium, and low 

quality. In addition, during the collection of research data that begins with learning, it is not 

fully controlled by the researcher, so the students who are the research samples are less 

conditioned. The research is only limited to algebraic materials (sequences and series, 

matrices, equations, and quadratic functions), and does not represent other mathematical 

materials, such as geometry and statistics. 
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Appendix 
 

Instrument of the Open Polytomous Response Test 
 

 
Name ofStudent : ………………………………. 
Class/Department : ………………………………. 
School    : ………………………………. 
 
Instructions :Mark (x) one of the correct answer choices, and give the reason 
(use another piece of paper to write down your reason) 
 
 

1. Given an arithmetic sequence: 3, 8, 13, 18, ....  
The formula for the nth term of the sequence is .... 
A. Un = 5n – 3C.Un = 4n – 1 
B. Un = 5n – 2D.Un = 3n + 2 
C. Un = 4n – 1 
 
Reason: ..................................................... 
 

2.  Given an arithmetic sequence: 2, 5, 8, 11, …, 68.  
 The number of terms in the sequence is… 

A. 12D.23 
B. 13E.24 
C. 22 
 
Reason: ...................................................... 

3. An arithmetic sequence, the 5th term is 31 and the 
8th term is 46. The difference between the 
sequences is... 
A. 5D.8 
B. 6E.11 
C. 7 
 
Reason: ...................................................... 
 

4. The 4th and 9th terms of an arithmetic sequence are 
110 and 150. The 30th terms of the arithmetic 
sequence are... 

A. 308D.344 
B. 318E.354 
C. 326 

 
Reason: .............................................................. 

5. An arithmetic sequence is: 3, 8, 13, 18, …, 103.  
Then the middle term of the sequence is … 
A. 53D.11 
B. 52E.10 
C. 20 
D. 11 
E. 10 
 
Reason: ....................................................... 
 

6.Given the arithmetic sequence: 4, 10, 16, 22, …. . 
If twonumbers are inserted in every two 
consecutive terms then the 10th term of the sequence  
is... 

A. 18D.24 
B. 20E.26 
C. 22 
 
Reason: ................................................................. 

 
7.The nth term of an arithmetic series is Un = 3n – 5.  
The formula for the sum of the first n terms of the 
series is ... 

A. 𝑆𝑛 =
𝑛

2
(3𝑛 − 7)D.𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

B. 𝑆𝑛 =
𝑛

2
(3𝑛 − 5)E.𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

C. 𝑆𝑛 =
𝑛

2
(3𝑛 − 4) 

Reason: ......................................................... 
 

8.The sum of the first n terms of an arithmetic series.  
Sn = n2 – 19n. The formula for the nth term of the  
Series is...... 
 

A. 5n – 20D.2n – 20 
B. 5n – 10E.2n – 10 
C. 2n – 30 
 
Reason: .................................................................. 

9.The sum of all integers between 100 and 300 which 
are divisible by 5 is ...𝑆𝑛 =

𝑛

2
(3𝑛 − 7) 

A. 8.200D.7.600 
B. 8.000E.7.400 
C. 7.800 
 
Reason: ........................................................ 
 

10.PT. Angkasa Jaya in the first year produced 5,000 
units. In the second year, production was reduced 
by 80 units per year. In what year did the company 
produce 3,000 units? 
A. 24D.27 
B. 25E.28 
C. 26 
 
Reason: ............................................................... 
 
 

 
11.The middle term of an arithmetic sequence is 25.  
If the difference is 4 and the 5th term is 21.  

12. A number of candies are distributed among five 
children according to the rules of an arithmetic 
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Then the sum of all the terms in the sequence is ... 
A. 175D.295 
B. 189E.375 
C. 275 
 
Reason: ........................................................ 
 

sequence. The younger the child, the more candy he 
gets. If the second child receives 11 pieces of candy 
and the fourth child 19 pieces, then the total number 
of candies is... pieces 
A. 60D.75 
B. 65E.80 
C. 70  
 
Reason: ................................................................. 

 
13. The sum of the first n terms of a series is 2n2-n.  
So the 12th term of the series is... 

A. 564D.45 
B. 276E.36 
C. 48 
 
Reason: ................................................................... 
 

14. The number of terms in the geometric sequence:  
3, 6, 12, ..., 3072 is ... 

A. 9D.12 
B. 10E.13 
C. 11 

 
Reason: ................................................................... 
 

15.A geometric sequence has the 2nd term is 8, and the 
5th term is 64. The 7th term of the sequence is ... 
A. 32D.256 
B. 64E.512 
C. 128 
 
Reason: ................................................................... 
 

16. The value of the middle term of the geometric 
sequence:  
6, 3, …, 3/512is … 

𝐴.
1

16
𝐷.

4

16
 

𝐵.
2

16
𝐸.

5

16
 

𝐶.
3

16
 

Reason:............................................... 
 

17.A piece of wire is cut with the first piece being 8 cm, 
and the next piece 1.5 times the previous cut. Then 
the 5th piece is... cm 
A. 18D.35 
B. 24E.40,5 
C. 27,5 
 
Reason: .................................................................... 

 

18.The sum of an infinite geometric series is 12 and the 
first term is 9. The ratio is ... 

A. 
3

4
D.−

1

2
 

B. 
1

4
E.−

3

4
 

C. 
1

3
 

 
Reason: .................................................................. 
 

19. Aball falls from a height of 10 m and bounces back 
3/4 times its previous height. The total number of 
paths until the ball stops is....m 
A. 60D.90 
B. 70E.100  
C. 80  

 
Reason: ........................................................ 

 

20. Given [4 8 5
6 3 1

] = [
2𝑎 𝑏 + 𝑎 5
6 3 1

].  

 
The value of3a + b is ... 
A. 8D.14 
B. 10E.20 
C. 12 

 
Reason: ......................................................... 

21. Given𝐾 = [
𝑎 2 3
5 4 𝑏
8 3𝑐 11

]and𝐿 = [
6 2 3
5 4 2𝑎
8 4𝑏 11

].  

 
If K = L, then cis... 
A. 12D.15 
B. 13E.16 
C. 14 
 
Reason: ................................................................ 
 

22. Given 𝐴 = [
1 2
3 4

] , 𝐵 = [
2 3
0 1

] , 𝐶 = [
5 2
−1 0

].  

 
Then(A + C) – (A + B) is ... 

𝐴. [
5 4
5 4

]𝐷. [
3 −1
−1 −1

] 

𝐵. [
4 7
2 5

] 𝐸. [
7 −1
1 −1

] 

𝐶. [
4 0
−4 −4

] 

 
Reason: ..................................................................... 

 
 
 
 
 
 
 
 



37 
 

23. Given matrix𝑃 = [
1 3 1
2 4 5
0 7 6

], then (𝑃𝑡)𝑡 adalah ... 

𝐴. [
1 2 0
3 3 7
1 5 6

]D.[
0 7 6
2 4 5
1 3 1

] 

𝐵. [
1 3 1
3 3 7
1 5 6

]E.[
0 7 6
2 4 5
1 3 1

] 

𝐶. [
1 3 1
2 4 5
0 7 6

] 

 
Reason: ................................................................. 

 

24. Given matrix 𝐴 = [
2𝑥 −5
3 𝑦

], 𝐵 = [
𝑦 2
2 4

],and 𝐶 =

[
8 −3
5 2𝑥

]. 

 
IfA + B = C,thenx + y = ... 
A. –5D.3 
B. –1E.5 
C. 1 
 
Reason: .......................................................... 
 

25. If𝐴 = [3 5] and 𝐵 = [
1 4
2 6

],then 2AB adalah ... 

𝐴. [13 42]D.[13 84] 
𝐵. [26 84]E.[30 36] 
𝐶. [26 42] 

 
 Reason: ................................................................... 

 
 

26. If[ 1 −3
−2 4

], 𝐵 = [
−2 0
1 3

], and 𝐶 = [
3 −1
1 −2

] 

 
thenA(B – C) = ... 
 

𝐴. [
−5 −14
10 18

]D.[ 1 −2
−2 2

] 

𝐵. [
−5 −4
10 6

]E.[−7 19
−2 20

] 

𝐶. [
1 −16
−2 22

] 

Reason: .......................................................... 

27.  Matrix Xthat satisfies[1 2
3 4

]𝑋 = [
4 3
2 1

]is ... 

𝐴. [
−6 −5
5 4

]D.[ 4 −2
−3 1

] 

𝐵. [
5 −6
4 5

]E.[ 4 −2
−3 1

] 

𝐶. [
−6 −5
4 5

] 

Reason: ............................................................ 

28. Ifmatrix𝐴 = [
3 −𝑥
6 8

] is singular matrix.  

Value of x that satisfies is …. 
 
A.  – 5D.3 
B. – 4E.4 
C. – 3 

 
Reason: ........................................................... 

 

29. Given matrix A = [
0 2 3
−2 0 4
−3 −4 0

], then matrix 

determinantA is ... 
A. 0D.2 
B. 1E.4 
C. 2 
 
Reason: ................................................................ 

 
 

30. Transpose matrix P adalahPT. If 𝑃 = [
4 7
3 5

] then 

matrix (PT) – 1is... 

𝐴. [
−5 7
3 −2

]𝐷. [
−3 5
4 −7

] 

𝐵. [
3 −4
−5 7

]𝐸. [
4 −3
−7 5

] 

𝐶. [
−5 3
7 −4

] 

Reason: ................................................................... 

31. Given 𝐴 = [
4 3
2 2

] and 𝐵 = [
5 2
3 1

].  

Inverse matrix ABadalah (AB) – 1 = ... 

𝐴.
1

2
[
−6 11
16 −29

]𝐷.−
1

2
[
6 11
16 29

] 

𝐵.
1

2
[
29 11
16 6

]𝐸.−
1

2
[
−6 11
16 −29

] 

𝐶.−
1

2
[
29 11
16 6

] 

Reason: ............................................................... 
 

32. The roots of the quadratic equation3 dan – 4 are ... 
𝐴. 𝑥2 + 𝑥 − 12 = 0 
𝐵. 𝑥2 − 𝑥 − 12 = 0 
𝐶. 𝑥2 − 𝑥 + 12 = 0 
𝐷. 𝑥2 − 3𝑥 + 4 = 0 
𝐸. 𝑥2 − 4𝑥 + 3 = 0 
 
Reason: ..................................................................... 

33. The roots of the quadratic equation5𝑥2 + 4𝑥 −
12 = 0 are … 
𝐴.−2 dan 

5

6
𝐷.−2 dan −

6

5
 

𝐵. 2 dan −
5

6
𝐸.−2 dan 

6

5
 

𝐶. 2 dan 
6

5
 

 
Reason: ................................................................. 

34. The roots of the equation𝑥2 − 2𝑥 − 3 = 0 are 𝑥1 
and 𝑥2.If 𝑥1 > 𝑥2, then𝑥1 − 𝑥2is… 
𝐴.−4D.2 
𝐵.−2E.4 
𝐶. 0 

 
Reason: .......................................................... 

35. The roots of the quadratic equation2𝑥2 − 3𝑥 −
9 = 0 are𝑥1 dan 𝑥2.Value of𝑥1

2 + 𝑥2
2is… 

36. The roots of the quadratic equation:  
𝑥2 + 2𝑥 + 3 = 0 are α dan β. The quadratic 
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𝐴. 11

1

4
D. −6

3

4
 

𝐵. 6
3

4
𝐸.−11

1

4
 

𝐶. 2
1

4
 

 
Reason: .............................................................. 
 

equation(α – 2) dan (β – 2) is… 
a. 𝑥2 + 6𝑥 + 5 = 0 
b. 𝑥2 + 6𝑥 + 7 = 0 
c. 𝑥2 + 6𝑥 + 11 = 0 
d. 𝑥2 − 2𝑥 + 3 = 0 
e. 𝑥2 + 2𝑥 + 11 = 0 
 
Reason: ......................................................... 
 

37.A quadratic function that has a minimum value 
2forx = 1 and has a value of 3 for x = 2 is … 
A. 𝑦 = 𝑥2 − 2𝑥 + 1 
B. 𝑦 = 𝑥2 − 2𝑥 + 3 
C. 𝑦 = 𝑥2 + 2𝑥 − 1 
D. 𝑦 = 𝑥2 + 2𝑥 + 1 
E. 𝑦 = 𝑥2 + 2𝑥 + 3 
 
Reason: ............................................................. 
 

 

38. The figurebelow is a graph of the quadratic 
equation ? … 
𝐴. 𝑦 = 𝑥2 + 2𝑥 + 3 
𝐵. 𝑦 = 𝑥2 − 2𝑥 − 3 
𝐶. 𝑦 = −𝑥2 + 2𝑥 − 3 
𝐷. 𝑦 = −𝑥2 − 2𝑥 + 3 
𝐸. 𝑦 = −𝑥2 + 2𝑥 + 3 

 
Reason: ......................... 

39.If f is a quadratic function whose graph passes 
through the points (1,0), (4,0) and (0, –4) then the 
value of f(7) is … 
A.  – 16D.– 19 
B. – 17E.– 20 
C. – 18 
 
Reason: ...................................................... 
 

40. The graph equation of a quadratic function has an 
extreme point(–1, 4) and through (0, 3) is… 

𝐴. 𝑦 = −𝑥2 + 2𝑥 − 3𝐷. 𝑦 = −𝑥2 − 2𝑥 − 5 
𝐵. 𝑦 = −𝑥2 + 2𝑥 + 3𝐸. 𝑦 = −𝑥2 − 2𝑥 + 5 

𝐶. 𝑦 = −𝑥2 − 2𝑥 + 3 
 
Reason: .............................................................. 
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Abstract: This research is a developmental research aiming at developing a good 

mathematical test instrument using polytomous responses based on classical and modern 

theories. This research design uses the Plomp model, which consists of five stages, (1) 

preliminary investigation, (2) design, (3) realization/construction, (4) revision, and (5) 

implementation (testing). The study was conducted in three vocational schools in Lampung 

Province, Indonesia. The study involved 413 students, consisting of 191 male and 222 female 

students. The data were collected through questionnaire and test. The questionnaire was used 

to identify the assessment instruments currently employed by teachers and to be validated by 

the experts of mathematics and educational evaluation. The test used an open polytomous 

response test numbering of 40 items. The data were analyzed using both classical and modern 

theories. The results show that (1) the open polytomous response test has a good category 

according to classical and modern theory. However, the discrimination power of test items in 

classical theory needs several revisions, (2) the assessment instrument using the polytomous 

response of open multiple choice can guarantee information on the actual competence of 

students. This is proven by the fact that there is a harmony between the analysis result 

obtained from classical and modern theory from the students' arguments when giving reasons 
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for their choices. Therefore, the open polytomous response test can be used as an alternative 

to learning assessment.  

Keywords: Assessment instrument, classical and modern theory, vocational school,  

polytomous responses 

 

Introduction 

Assessment is an important activity that needs to be administered by teachers in schools. The 

conventional paradigm often interprets assessment as a way to find out the achievement of 

student learning outcomes as a whole, so that the assessment is positioned as a separate 

activity from the learning process (Syaifuddin, 2020). Referring to the current paradigm, 

assessment in schools was divided into three types, e.g., assessment as learning, assessment 

for learning, and assessment of learning (Wulan, 2018). The three types of assessments aim 

to provide recognition of the achievement of student learning outcomes after the learning 

process (Earl, 2013). Below is the assessment pyramid (Figure 1). 

 

Figure 1. Assessment Pyramid 
 

Assessment can be administered through a test. A test is a tool or procedure used to find out 

or measure students' abilities in particular areas with specific rules (Arikunto, 2012). A test 

consists of two types, namely multiple-choice and essay. A multiple-choice test is a form of 

assessment in which each item provides options, and one of the options is the correct answer. 

An essay test is a form of assessment that requires answers in sentences or words. Each type 

of test has its own strengths or weaknesses. The strengths of multiple-choice test over essay 
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test are firstly, the test can be conducted for many students, it is more objective, and the test 

results can be obtained more quickly. In addition to the strengths, it has several weaknesses. 

The multiple-choice test is not able to the actual abilities of students, the answers of this test 

tend to be guessing games or trial and error (Rosidin, 2017). In addition, the strength of the 

multiple-choice test has a scoring certainty compared to the essay test, namely 1 and 0 (score 

1 for the correct answer, and 0 for the wrong answer). A multiple-choice test with only two 

answer choices is called a "dichotomous test," and a multiple-choice test with more than two 

answer choices is called a "polytomous test" (Kartono, 2008). 

Until quite recently, multiple-choice test has been widely used by teachers to assess students' 

abilities, especially those with a large number and a wide area of expertise. To reduce the 

weakness of multiple-choice test, in the last four decades, experts have developed multiple-

choice test by combining multiple-choice test and essay into multiple-choice test with reasons 

or hence forth called as polytomous response test (Suwarto, 2012). The polytomous response 

test score ranges from 1 – 4 in which score 4 for the correct answer and reason, score 3 for 

the correct answer but the wrong reason, score 2 for the wrong answer but the correct reason, 

and score 1 for the wrong answer and reason (Kartono, 2008). 

In the 1980s, the first test that was focused on and developed by experts was the closed 

polytomous response test, also known as the two-tier test (Treagust, 1988). This test consists 

of two levels: the first is choosing answers on the multiple-choice test, and the second level is 

choosing reasons based on the answer choices at the first level (Chandrasegaran et al., 2007).  

Several studies on the closed polytomous response test have been carried out, such as a test 

on mathematical ability in middle school (Hilton et al., 2013; Rovita et al., 2020), a test on 

calculus material (Khiyarunnisa & Retnawati, 2018), test order thinking mathematical skills 

(Sundari, et al., 2021), and test on mathematical connection material (Lestari et al., 2021). 
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Although the closed polytomous response test has been widely developed, researchers have 

found weaknesses in the test, such as students' misconceptions or students' actual competence 

cannot be identified in detail (Antara et al., 2019), the test instrument is difficult to construct 

(Khusnah, 2019), and student answers are still guessed (Myanda et al., 2020). However, there 

are strengths in the closed polytomous response test, such as the consistency of student 

answers errors, which is easily observed (Treagust, 1988), and the suitability between the 

student's answer choices and the reason is easy to know (Diani et al., 2019). 

To reduce the weakness of the closed polytomous response test, the experts modified the test 

into an open polytomous response test. The open polytomous response test is a form of 

multiple-choice test that provides a place to write arguments for the answer choices 

(Retnawati, 2014). The studies on the open polytomous response test that have been carried 

out are test on calculus material in universities (Yang et al., 2017) and test on mathematics 

material in senior schools (Ayanwale, 2021) and junior schools (Falani et al., 2020). These 

studies developed open polytomous response tests for students in college and senior or junior 

school. Students in college and senior orjunior school learn mathematics as a primary subject, 

while students in vocational schools learn mathematics as a secondary subject (Oktaria, 

2016). In addition, students in vocational schools are more oriented towards practical abilities 

and skills, in contrast to students in college or high school who are more academically 

oriented, including in Indonesia (Permendikbud, 2016). 

Currently, the Indonesian government expects that vocational schools is not academically left 

behind especially in mathematics. The government's commitment is to improve the method of 

assessing student learning in vocational school, and the current assessment method is using 

polytomus test. Often, students pay less attention during math exams for several reasons, such 

as considering mathematics as an unimportant subject (Putri et al., 2017), mathematics as a 
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complicated subject (Vani et al., 2019), and mathematics as a boring subject (Ikmawati, 

2020). Therefore, the students tend to answer the test by guessing. To avoid the tendencies, it 

is necessary to develop a polytomous response test (closed or open). By considering the 

disadvantages of the closed polytomous response test,  it is reasonable to conduct research by 

developing open polytomous response test for students in vocational schools. 

The test instrument developed must be reliable as a good test, and therefore it is necessary to 

analyze the quality of test items (Rosidin, 2017). There are two theories for analyzing the 

item quality, namely classical and modern. Classical theory is a measurement theory for 

assessing test based on the assumption of measurement errors between actual results and 

observations, and from the assumption, a formula for calculating the level of difficulty and 

item discrimination was developed (Hambleton & Jones, 1993). The modern theory is a 

measurement theory to assess students' abilities by comparing students' abilities with their 

group abilities, and it is known as Item Response Theory/IRT (Hambleton & Linden, 1982). 

Classical theory is widely used by teachers because it is easy to apply. However, this classical 

theory has a weakness, namely, it cannot separate the characteristics of students and items. 

The modern theory is a solution to overcome the weaknesses of the classical theory because, 

in the modern theory, an item does not affect other items (local independence), items only 

measure one dimension (unidimensional) (Anisa, 2013), and an item eliminates the 

relationship between respondents and items (parameter invariance) (Saepuzaman et al., 

2021). Therefore, experts suggest that the test instrument is accountable; the quality of the 

items must be good according to the analysis of classical and modern theory (Retnawati, 

2014). 

Therefore, the aim of the research is to develop a good mathematical test instrument using 

polytomous responses according to classical and modern theories in vocational schools. The 
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research problems are stated as follows: (1) Does the open polytomous response test 

developed have a good category so that it can be used as an assessment instrument in 

vocational schools based on classical and modern theory? and (2) Does the open polytomous 

response test instrument developed provide information on students' actual competence in 

vocational schools? 

Methodology 

Research Design 

This research is a research and development model that refers to Plomp’s (2013) model, with 

the research procedure consisting of five stages: preliminary investigation, design, realization 

or construction, test phase, revision, and implementation (test). 

 

 

 

 
Figure 2. Stages of Research Design 

The preliminary investigation stage is to identify the current assessment instruments used by 

teachers. The design stage is to make the open polytomous response test grid according to the 

basic competencies of mathematical concepts and to make a quality assessment questionnaire 

sheet. The realization/construction stage is developing the items test validated by an expert 

process for the items test. The revision stage is the improvement of items on the test based on 

expert advice. The implementation (testing) stage is to try out the test on students and to 

analyze the results of the test. 

 

 

Realization/construction Design Preliminary investigation 

Implementation (Test) Revision 
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 Research Subject 

The subjects of the study were students of vocational schools situated in the province of 

Lampung, Indonesia. The research sample was determined using a non-probability sampling 

technique in the form of accidental sampling, which means taking a subject based on a 

subject that is easy to find and ready to be a respondent (Malhotra, 2006). The selected 

schools were three schools as representatives, namely the Mitra Bhakti vocational school, the 

Praja Utama vocational school, and the Ma'arif NU vocational school. The research subjects 

were 413 students in grade I (male students = 191, and female students = 222), whose 

mathematical abilities on the National Exam (NE) were categorized as moderate (average 

64.67 out of the ideal score of 100). The following are the characteristics of the research 

subjects in detail shown in Table 1. 

Table 1. Research Subjects 

Vocational Schools Grade 
The Number of Students 

Average of NE 
Total Male  Female 

Mitra Bhakti 
I-A 13 5 8 64.24 
I-B 23 10 13 62.4 
I-C 29 9 20 65 

Praja Utama 

I-A 40 40 0 64 
I-B 39 39 0 64.62 
I-C 43 15 28 68.72 
I-D 38 15 23 67.9 
I-E 41 14 27 67.56 
I-F 40 17 23 63.38 
I-G 40 8 23 67.74 

Ma’arif NU 
I-A 31 14 17 62.1 
I-B 36 5 51 58.34 

Total 413 191 222  64.67 

 

Data Collection Techniques 

Data were collected using a questionnaire and a test. The questionnaire contains several 

questions to the teacher about the instrument for assessment used by the teacher and also 

expert validity of the instrument developed to determine content validity (Suhaini et al., 

2021). The instrument was validated by two raters who have expertise in mathematics and 

educational evaluation. The three aspects assessed by the expert were the suitability of the 
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items with the indicators, language, and alternative answers to the questions. The score 

validating the instrument follows the criteria as in Table 2 below. 

Table 2. Content Validity Score 

Description Score 
Irrelevant 1 

Quite relevant 2 
Relevant 3 

Very relevant 4 
 

After determining the content validity, the instrument was tested to students. Then, it was 

continued by determining the validity of the construct and its reliability to ensure that the 

instrument could be further analyzed. 

 
The instrument used was the open polytomous response test, which consisted of 40 questions 

on the concepts of sequences and series (arithmetic and geometry), quadratic equations and 

functions, and matrices. Each item contained five answer choices along with the reasons. 

Student scores are referred to the polytomous score in the Partial Credit Model, where answer 

choices and reasons were related (Retnawati, 2014), as shown in Table 3 below. 

Table 3.Scores for Student Answers 
Student Answers 

Score 
Answer Options Reason 

False False 1 
False Right 2 
Right False 3 
Right Right 4 

Data Analysis 

The collected data were analyzed in two stages: (1) questionnaire data analysis (qualitative 

analysis) and (2) test data analysis (empirical analysis).The following is an explanation of 

each data analysis: 

1. Questionnaire data analysis (qualitative analysis) 

There are two sets of questionnaire data namely, identification of assessment instruments in 

schools and expert assessment of the assessment instruments developed. The results of the 
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two questionnaires were analyzed descriptively. Specifically for expert judgment, it was 

continued with an analysis of expert agreement that used the Gregory index formula 

(Gregory, 2015), namely: 

V = 
𝐷

𝐴+𝐵+𝐶+𝐷
 

Description: 
V = Content Validity 
A = Rater 1 and 2 are weak 
B = Rater 1 is strong, and rater 2 is weak 
C = Rater 1 is weak, and rater 2 is strong 
D = Rater 1 and 2 are strong 

 

The interpretation of Gregory's formula is that the number V is in the range of 0 to 1. The 

higher the number V (close to 1 or equal to 1), the higher the value of the validity of an item. 

Conversely, the lower the number V (close to 0 or equal to 0), the lower the validity of an 

item. 

2. Test data analysis (empirical analysis) 

After conducting the content validity test, the researchers conducted the construct validity 

and reliability test. The construct validation test used exploratory factor analysis. The 

instrument is considered to having good construct if the explained Kaiser-Meyer-Olkin 

(KMO) value is greater than 0.5 (Retnawati, 2014). Reliability test using Cronbach's alpha 

formula. The instrument is said to have good reliability if the coefficient value of Cronbach's 

Alpha is 0.60 (Arikunto, 2012). If the instrument has good construct validation, further test 

can be analyzed, namely the level of difficulty and item discrimination. The reason for 

analyzing the level of difficulty and item discrimination is that they are both preliminary 

analyses of the assumptions of measurement theory (Hambleton & Jones, 1993). To simplify 

the process of analyzing the level of difficulty and item discrimination, the Iteman program 

was used for classical theory and the Winsteps program for modern theory (Sarea & Ruslan, 
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2019). The Winsteps program was used because it had several advantages; namely, it can 

analyze polytomous data and calculate the maximum likelihood model using a 1-parameter 

logistic model (Untary et al., 2020). 

2.1 Analysis of test data with classical theory 

a. The item difficulty level is the percentage of the number of students who answered 

correctly or incorrectly. If the item has an index of 0.3-0.7, then the item is good; if 

the item has an index below 0.3, then the item is difficult; and if the item has an index 

above 0.7, then the item is easy. 

b. Discrimination is the ability of a test to distinguish between high-ability students and 

low-ability students. Discrimination is said to be good if it has an index above 0.3, 

and if the discrimination index is below 0.3, then the question needs to be revised 

(Arikunto, 2012). 

2.2 Analysis of test data with modern theory 

a. The item difficulty level is the level of the student's latent trait towards the item. The 

difficulty of the items determines the ability of about 50% of the respondents who are 

expected to answer items correctly (DeMars, 2010). An item is said to be good if it 

has an index of between -2 and +2 (Hambleton & Swaminathan, 1985). If the index is 

close to -2, then the item is classified as very easy, and if the index is close to +2, the 

item is classified as very difficult (Retnawati, 2014). In the Winsteps program, the 

item difficulty level is in the Measure column. 

b. Item discrimination is indicated by the slope of the curve on the item characteristics. 

The item is said to have good discrimination if the slope of the curve is moderate (not 

too gentle or steep) because if the slope of the curve is too gentle or steep, then the 

item is not good. Another opinion states that a good index is above 0.4 (Crocker & 
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Algina, 1986). In the Winsteps program, the item discrimination is in the Pt-Measure 

Correlation column. 

According to modern theory, before analyzing the item difficulty level and discrimination, 

three assumptions must be tested, namely unidimensionality, local independence, and model 

fit (Hambleton et al., 1991). Unidimensional means that each test item only measures one 

ability. There are three ways that are often used to test unidimensionality, namely the analysis 

of the Eigenvalue of the correlation matrix between items, the Stout-test on the 

unidimensional assumption test, and the index based on the residuals of the unidimensional 

solution (DeMars, 2010). In this study, the dimensional test used the Eigenvalue analysis of 

the correlation matrix between items. 

Local independence is the state of the respondent's answer to an item that is not influenced by 

other items. Local independence test by proving that the probability of the respondent's 

answer pattern is the same as the probability of the respondent's answer to each item. If the 

unidimensional assumption is accepted, the local independence assumption will also be 

accepted (DeMars, 2010). Use the Model Fit Test to find out whether the model used is in 

accordance with the items. Test the fit of the model by measuring the outfit mean square 

(MNSQ) and PT-Measure. If the outfit’s MNSQ value is 0.5 to 1.5 and the Pt-Measure 

Correlation is positive, it is said that the item fits the model (Linacre, 2012). In addition, the 

information function and standard error measurement (SEM) are analyzed, which aims to 

further explain the latent ability as measured by using a test that is expressed through item 

donations. 

Findings/Results 

Analysis of Questionnaire Data 
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Based on the results of the questionnaire, it was found that the teacher had never used the 

polytomous response. As many as 80% of teachers used essay tests and 20% of teachers used 

multiple-choice tests, with each instrument consisting of  2-5 items. In addition, about 10% of 

teachers used this assessment as a means for learning improvement, such as improving lesson 

plans and teaching methods. The results of the questionnaire stated that 90% of teachers who 

did not use assessment as an improvement in learning were caused by several aspects, such as 

teachers did not understand assessment (20%), teachers did not know how to analyze 

assessments (50%), and teachers did not know how to develop good assessment questions 

(30%). The following is the summary of the questionnaire from the identification data. 

 

Figure 3. Description of Teacher Conditions in Assessment 

Content Validity 

The results of the two expert assessments showed that the content validation instrument is 

good. Furthermore, the analysis of expert judgment agreement was obtained as shown in 

Table 4 below. 

Table 4. The Gregory Item Index 
 Rater 1 

Weak strong 

Rater 2 
weak 0 0 
strong 0 40 

Index Gregory 1 
 

80%

20%

Test type

essay

multiple
choice

10%

90%

Assessment

revised

not revised

20%

50%

30%

The cause 

not
understandin
g
not knowing

not
developing
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Based on the results of the assessment in Table 4, it can be concluded that the instrument is 

valid because the value of V reaches a value of 1. Therefore, the instrument test can be 

continued. In addition to providing assessments, the experts also provided some suggestions 

for improvements to the instrument, namely the preparation of questions using the ABCD 

format (Audience, Behavior, Competence, and Degree), avoiding the use of ambiguous 

language or statements, improving mathematical concepts, making alternative answer choices 

that are misleading, and arranging them in order. 

Analysis of Test Data 

Construct Validity 

After testing the instrument, it was followed by a construct validity test. The results of the test 

with exploratory factor analysis are shown in Table 5. 

Table 5. Exploratory Factor Analysis 

KMO and Bartlett's Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
Bartlett's Test of Sphericity Approx. Chi-Square 1936.378 

Df 780 
Sig. .000 

 

Based on Table 5, the explained KMO value is 0.76 (more than 0.5), and it can be concluded 

that the variables and samples used to allow for further analysis. 

 
 Reliability 

The results of the estimation of the reliability of the instrument obtained a Cronbach's alpha 

coefficient value is 0.89 (more than 0.6). It means that the instrument has good reliability so 

that the analysis of the level of difficulty and item discrimination can be continued according 

to classical and modern methods. 

Table 6. Reliability of Items 

Cronbach’s Alpha N of Items 
0.892 40 
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Analysis of Test Data with Classical Theory 

Analysis of test data in the classical way did not require testing assumptions, but the analysis 

of the difficulty level of the items and the distinguishing power of items could be directly 

calculated if the validity and reliability have been met. The results of the two analyses are 

presented in Table 7 below. 

Table 7. The Item Difficulty Level and Discrimination 
Item Difficulty 

Level 
Category Discrimination Category Item Difficulty 

Level 
Category Discrimination Category 

1 0.538 good 0.196 Revised 21 0.482 good 0.143 revised 
2 0.487 good 0.179 Revised 22 0.535 good 0.429 good 
3 0.528 good 0.214 Revised 23 0.492 good 0.250 revised 
4 0.540 good 0.304 Good 24 0.438 good -0.071 Revised 
5 0.489 good 0.089 Revised 25 0.436 good -0.107 Revised 
6 0.446 good -0.161 Revised 26 0.385 good -0.286 Revised 
7 0.438 good -0.232 Revised 27 0.383 good -0.321 Revised 
8 0.453 good -0.143 Revised 28 0.416 good -0.143 Revised 
9 0.414 good -0.143 Revised 29 0.458 good -0.125 Revised 
10 0.409 good -0.339 Revised 30 0.385 good -0.375 Revised 
11 0.438 good -0.143 Revised 31 0.404 good -0.321 Revised 
12 0.436 good -0.036 Revised 32 0.433 good -0.250 Revised 
13 0.400 good -0.321 Revised 33 0.441 good 0,036 Revised 
14 0.450 good -0.036 Revised 34 0.424 good -0.268 Revised 
15 0.462 good 0.250 Revised 35 0.412 good -0.321 Revised 
16 0.453 good -0.089 Revised 36 0.431 good -0.304 Revised 
17 0.416 good -0.143 Revised 37 0.404 good -0.232 Revised 
18 0.419 good -0.196 Revised 38 0.363 good -0.482 Revised 
19 0.431 good -0.232 Revised 39 0.230 good -0.929 Revised 
20 0.441 good -0.089 Revised 40 0.211 good -1.071 Revised 

 

Based on Table 7, it was found that all items have an item difficulty level in the index range 

of 0.3 to 0.7, so they are categorized in the good category. Meanwhile, only two items on 

discrimination had good categories, and the remaining items needed to be revised. The results 

indicated that all items were good based on the level of difficulty, but almost all items needed 

to be revised for item discrimination. 

 
 Analysis of Test Data with Modern Theory 

The Unidimensional Assumption Test 

The unidimensional assumption test is the first assumption test with factor analysis. Factor 

analysis begins by testing the adequacy of the sample to be used in the analysis, constructing 

a variance-covariance matrix, and then calculating the Eigenvalue. The Eigenvalue was then 



15 
 

used to calculate the percentage of explained variance, as well as to describe the scree plot 

(Retnawati, 2014). The output of factor analysis was the Kaiser-Meyer-Olkin Measure of 

Sampling Adequacy (KMO) statistic and scree plot. 

Table 8. The KMO Test 

KMO Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
 Sig. .000 

 

The unidimensional test is seen based on the cumulative percentage of Eigenvalue and scree 

plot analysis results. If the cumulative percentage of the first-factor Eigenvalue is greater than 

20%, then the unidimensional assumption is fulfilled (Retnawati, 2014). In Table 9, it can be 

seen that the cumulative percentage of the first-factor Eigenvalue is 20.220%. Because the 

Eigenvalue is more than 20%, this instrument is proven to only measure one factor or 

dimension. 

Table 9. Total Variance Explained 

Component 
Initial Eigenvalue 

Total Variance (%) Cumulative (%) 
1 8.088 20.220 20.220 
2 1.458 3.646 23.865 

 

In addition, the unidimensional test can also be seen on the scree plot, which is based on the 

number of factors marked by the steepness of the graph with the acquisition of Eigenvalue. 

 

Figure 4. Scree Plot Unidimensional 
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Based on the scree plot, it is known that the Eigenvalue immediately slope on the second 

factor. It demonstrates that the developed instrument has only one dominant factor.The 

results prove that the test kit meets the unidimensional assumption, or in other words, only 

measures one dominant factor. 

Local Independence Assumption Test 

The local independence assumption test will be fulfilled if the student's answer to one item 

does not affect the student's answer to another item. Thus, the score of one item should not be 

determined or dependent on the scores of other items. This confirms that this assumption 

automatically proves that students' answers do not affect answers to other items (Retnawati, 

2014). 

Table 10. The Covariance Matrix. 
 K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 

K1 0.0486                

K2 0.012 0.0042               

K3 0.0105 0.0034 0.0032              

K4 0.0317 0.0106 0.0093 0.0293             

K5 0.01 0.0032 0.0029 0.0085 0.0028           

K6 0.0069 0.0023 0.0021 0.0062 0.002 0.0016         

K7 0.0036 0.0011 0.0009 0.0028 0.0009 0.0007 0.0004       

K8 0.0041 0.0015 0.0012 0.0037 0.0011 0.0008 0.0004 0.0006     

K9 0.0074 0.0024 0.0022 0.0065 0.002 0.0015 0.0007 0.0009 0.0017   

K10 0.021 0.0061 0.0054 0.0148 0.0051 0.0039 0.0017 0.0025 0.0043 0.0196 

 

Table 10 shows the results of the variance-covariance values between groups of students' 

abilities. In the table, it can be seen that the covariance value between the ability interval 

groups located on the diagonal is small and close to zero. This result shows that there is no 

correlation, so it can be said that the local independence assumption test is accepted. 

Model Fit 

The model fit test was analyzed using the Winsteps program. The item requirements are 

called "fit to the model”. If the Outfit MNSQ value is 0.5 to 1.5 and the Outfit ZSTD value is 

-2 to 2, and the Pt-Measure Correlation is positive, then it can be said that the item fits the 
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model (Sumintono & Widhiarso, 2015). An item is considered fit if one of the conditions is 

accepted. In addition, it can also be seen from the MNSQ infit of 0.77 to 1.3, but at this stage, 

the fit of the model is only taken on the MNSQ and Pt-Measure outfit values. Based on the 

results of the analysis, all items matched the model or fit (Figure 5). 

 

Figure 5. Item Fit on Model 

 
The Item Difficulty Level 

The item difficulty level was analyzed using the Winsteps program, and the results obtained 

were presented in Table 12 (Measure column). The item difficulty level is in the range of -

0.70 to 0.84. From Table 12, the highest difficulty level is item 40 (difficulty level 0.84), and 

the lowest difficulty level is item 1 (difficulty level -0.70). Since the difficulty level is in the 

range of 2 and 2, it can be concluded that all items are in the good category. If further divided 

into three categories, the difficulty level of items in the range of -0.7 to 0.84 is moderate 

(Sumintono & Widhiarso, 2015). It can also be seen on the difficult map items, namely that 

the difficulty level is in the range of -2 and 2. 
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Figure 6. Item Difficulty Level 

 

 

Figure 7. Item Difficulty Map 
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The Item Discrimination 

The item discrimination analysis used the Winsteps program, and the results are presented in 

Figure 8 (PT-Measure Correlation column). Item discrimination is in the range of 0.23 to 

0.74, with details of 27 items having an index above 0.4 (good category), and 13 items having 

an index below 0.4 (bad category). However, the 13 items can be used as an instrument as 

long as the index is above 0 (Alagumalai et al., 2005). 

 
Figure 8. Item Discrimination 

 
Comparative Analysis Between Classical and Modern Theory 

The results of the analysis of classical and modern theories obtained the index of difficulty 

level and item discrimination as follows. 
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Table 11. Comparison of Classical and Modern Theories 

Parameter 
Classical Theory Modern Theory 

Many Items with 
Good Categories 

Percentage Many Items with 
Good Categories 

Percentage 

Difficulty level 40 100 40 100 
Item discrimination 2 0.05 27 67.5 

 
Based on Table 11, the level of item difficulty analyzed by classical and modern theory has 

the same results (good category). However, item discrimination using modern theory has 

more items in the good category than classical theory. If we compare the index of 

discriminatory items between classical (Table 7) and modern (Figures 6 and 8), it can be seen 

that there is a match between the categories of item discrimination. It means that if item 

discrimination is not good with the classical theory, then item discrimination is also not good 

with the modern theory (13 items correspond to the item discrimination index, and 27 do not 

match). 

Information and Measurement Error (SEM) Function 

The function of information to reveal latent ability was measured by using a test that was 

expressed through item donation. The test information function is also the sum of the 

functions of each item. The information function is inversely proportional to measurement 

error, or standard error measurement (SEM). The value of the information function of the test 

device will be high if the items that make up the test have a high information function. The 

following is a picture of the curve of the relationship between the information function and 

SEM. 

 

Figure 9. Graph of Information Function and Measurement Error 
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Figure 9 shows that this instrument provides information of 22.36 (maximum) and has a 

measurement error of 0.21 (smallest) for medium-ability students. The lower and upper limits 

of the interval are the ability scores where the graph of the information function and the SEM 

graph intersect at that interval. This graph states that the greater the value of the information 

function, the smaller the measurement error (SEM), and the item information function 

expresses the strength or contribution of the test items in revealing the latent trait as measured 

by the test. This information function provides a description of the item according to the 

model (which helps with item selection) (Retnawati, 2014). These results conclude that this 

test instrument is suitable for students with medium abilities. 

Based on the test results, it can also be seen that the actual competency information of 

students in the vocational school was based on the test answers. Instrument analysis is based 

on two patterns of student answers that have the same tendency based on Bloom's Taxonomy 

(Bloom, 1956). A total of six student answers were selected as samples with different abilities 

(high, medium, and low). 

Item 1: The cognitive domain to be achieved is C2 (Understanding). Based on students' 

answers, the two dominant patterns of student  answers are: (1) students have understood the 

general form of arithmetic sequences and know the first term and other terms, and (2) 

students have not been able to formulate general forms in arithmetic sequences and perform 

algebraic operations on general forms arithmetic sequence. 

 Question 1: Pattern 1: Pattern 2: 

 

  

Figure 10. An Example of Student Answers in Item 1 
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Item 2: The cognitive domain to be achieved is C2 (understanding). Based on students' 

answers, the two dominant  patterns of student answers are (1) being able to understand the 

number of terms in a sequence by using the general formula for an arithmetic sequence, or 

determining the number of arithmetic sequences without using a general formula (only 

writing down all the terms from the first term until the last term) and (2) students who can 

already use the general formula for arithmetic sequences but have not been able to determine 

the number of arithmetic sequences because of errors in performing algebraic operations on 

general arithmetic sequences. 

Question2: Pattern 1 Pattern 2 

 
  

Figure 11. An Example of Student Answers in Item 2 

Item 3: The cognitive domain to be achieved is C3 (applying). Based on students' answers, 

the two dominant patterns of student answers are: (1) students have understood and 

determined the difference between two non-adjacent  arithmetic sequences using the general 

formula for arithmetic sequences, and (2) other students can determine the number of 

arithmetic sequences even though they are not using a general formula or by writing the 

terms of the known terms and inserting several terms. 

Question 3: Pattern 1 Pattern 2 

 
 

 
 

Figure 12. An Example of  Student Answers in Item 3 
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Item 4: The cognitive domain to be achieved is C3 (applying). Based on students' answers, 

the two dominant patterns of student answers are: (1) students have understood and can 

determine the nth term in an arithmetic sequence that is known to be two non-adjacent terms 

using the general formula for arithmetic sequences, and (2) students cannot determine the 

number of arithmetic sequences because it does not use a general formula but by writing the 

terms of the known terms and inserting several terms and continuing until the nth term. 

Question4: Pattern 1 Pattern 2 

 
  

Figure 13. An Example of Student Answers in Item 4 

Item 5: The cognitive domain to be achieved is C1 (remembering). Based on students' 

answers, the two dominant  patterns of student answers are: (1) students have understood and 

determined the middle term of an arithmetic sequence, and (2) students can determine the 

middle term of an arithmetic sequence but do not use general formulas, but rather by writing 

the terms from known terms and inserting several terms and then defining them. 

Question 5: Answer Pattern 1 Answer Pattern 2 

 
 

 

Figure 14. An Example of Student Answers in Item 5 

Description of Instrument Development and Student Ability 

The instrument developed from this research is the open polytomous response test, and all 

parameters have been accepted. This instrument is a combination of a multiple-choice test 
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and an essay. Multiple choice test is easier to check students' answers, but their mathematical 

thinking processes cannot be known in depth. While the essay test has the advantage of being 

able to find deeper mathematical thinking processes, it takes a long time to check the 

answers. 

Analysis of learning instruments is an important source of composite scores in the final 

report. In the final report, the student's ability score was first changed to a score of 0–10 

(previously 0–100). The conversion is done through a linear transformation by dividing the 

student's score by the ideal score. Then, the result is multiplied by 10 to get a value range of 

0–10 or multiplied by 100 to get a value range of 0–100. In the range of 0–10, the scores of 

students' mathematical ability were 8.56 (highest) and 4.31 (lowest), or in the range of 0–100, 

students' math ability scores were 85.6 (highest) and 43.1 (lowest). 

The results of the analysis of student abilities are presented in the form of predicates ranging 

from very low to very high according to the specified category. The results of this analysis 

show that most students have very low to medium abilities, as much as 62% (253 students), 

and the remaining 38% (160 students) have high and very high abilities. Other analysis 

results found that high and very high-ability students tend to work according to concepts with 

more creative completion steps (different from the teacher's example), but students who have 

very low to medium abilities can solve problems according to concepts with less creative 

completion steps (e.g., routine or according to the teacher's example). 

Other results show that the assessment with an open response polytomus makes it easier for 

teachers to explore students' difficulties with a material. Then, from this exploration, the 

teacher can continue with improvements for students who have learning difficulties. An 

important finding of this study is that information about students' learning difficulties through 

the open polytomus response test is more secondhand and complete than other assessment 
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instruments, such as multiple-choice tests (Gierl et al., 2017) or essay tests (Putri et al., 

2020). 

Discussion 

This research is development research aimed at developing a good mathematical assessment 

instrument using polytomous responses according to classical and modern theories. The 

results of the data analysis found that there were differences in the results of the analysis 

between classical theory and modern theory, namely on item discrimination. Classical theory 

analysis obtained 38 items with bad criteria and only 2 items with good criteria. In contrast, 

modern theory analysis obtained 27 items with good criteria and 13 items with bad criteria. 

According to evaluation theory, modern theory aims to cover the weaknesses of classical 

theory. The results of the classical theory analysis are often categorized as poor, but modern 

analysis results are categorized as good, and vice versa (Retnawati, 2014). That is, an item 

that is not in a good category with classical theory should be analyzed according to the 

modern theory before revising or replacing the item. 

Research on learning assessment with open response polytomous was carried out by Yang et 

al. (2017). This research aims to diagnose student errors in completing calculus material at 

university. The instrument compares two types of test namely the two-tier test and the open 

polytomous response test. The research findings suggest that the open polytomous response 

test provides more detailed information on student error than the two-level test (see Figure 

15). The research findings are in line with the results of this study, which states that the open 

polytomous response test provides more detailed information about students' abilities. 
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Figure 15. An Example of Student Answers on The Two-Tier Test and The Open Polytomous 
                  Response Test 

 
Another study on learning assessment with open response polytomous was conducted by 

Ayanwale (2021). Ayanwale's research compares two polytomous response test analysis 

methods namely the Parallel and Partial Credit Model. The results of his research stated that 

the Partial Credit Model analysis had a first factor Eigenvalue of 20.5% (ideal Eigenvalue of 

more than 20%) compared to the Parallel analysis, which had the first factor Eigenvalue of 

11.7%. The results of Ayanwale's research are in line with this study, which obtained the first 

factor Eigenvalue of 20.220%, and the author can state that the instrument developed is 

suitable to be used to assess vocational students in Indonesia, maybe even outside Indonesia. 

Other studies related to classical and modern theory were conducted by Sarea (2018)and 

Saepuzaman et al.(2021). Sarea's research states that the response polytomous test has good 

criteria (classical and modern theory), and the classical theory analysis has more items than 

modern theory.  Meanwhile, Saepuzaman's research found that the response polytomous test 

had good criteria (classical and modern theory), and the modern theory analysis had more 

items than classical theory. 
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The results of the analysis of student answers obtained information that there were two 

patterns of students' solving questions: (1) formulas and (2) trial and error. Students who use 

formula patterns in solving problems tend to be carried out by high-ability students, and 

students who use trial and error patterns tend to be carried out by students with medium and 

low abilities. Students who use both patterns can answer the questions correctly as shown in 

Figure 16 below. 

 

 

 
(i) 

 

 
(ii) 

Figure 16. An Example of Student Answer Patterns with (i) Formulas, (ii) Trial and Error 

Both patterns of solving math problems are common ways. This is in line with the opinion of 

Mason et al. (2010) that there are several ways that can be used in solving math problems, 

namely trial and error, using a drawing or model, analogy, and formula. Syahlan (2017) states 

that two ways that  students often use to solve math problems are (1) trial and error and (2) 

formulas. Usually, students use trial and error methods to solve easy problems and formulas 

methods to solve difficult questions. If combined with student answers and Syahlan's opinion, 
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students with medium and low abilities in solving easy questions will use trial and error 

methods, and students with high abilities in solving difficult questions will use formulas. 

The results of these student answers can be important information for teachers in teaching 

mathematics. This means that before teaching material, the teacher must know the students' 

initial abilities (high, medium, or low) and the level of difficulty of the material. Some of the 

benefits for teachers who know students' initial abilities are: teachers can develop 

professionally centered on students (Gonzalez, 2018), teachers can adjust the level of 

cognitive and increase student learning engagement (Dong et al., 2020), assist teachers in 

designing pedagogical practices and correcting students' misconceptions (Geofrey, 2021).In 

addition, the benefit for teachers who know the level of difficulty of a material is that they 

can design remedial learning plans (Muhson et al., 2017; Wulanningtyas et al., 2020).The 

description above shows that there are many benefits that the teacher will get if the teacher 

knows the students' actual abilities, and this can be known by the teacher if the teacher uses 

the open polytomus response test. 

Conclusion 

Based on the results of the research and discussion, it can be concluded that (1) the open 

polytomous response test has a good category according to classical and modern theory. 

Thus, the test instrument requirements are accountable (qualifies for a good test) is a good 

test instrument according to the analysis of the two theories (classical and modern theory), 

and (2) the open polytomous response test can provide information on the actual competence 

of students; this is observed in the students' arguments in giving reasons for their choices. 

This is observed in the students' arguments when giving reasons for their choices. Therefore, 

the open polytomous response test can be used as an alternative to learning assessment. 
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Recommendation 

Based on the research results, there are several recommendations for teachers, schools, and 

other researchers. For teachers, they should familiarize students with giving a test in the form 

of a polytomous response before giving the test. In schools, principals or other leaders should 

encourage other teachers to take advantage of this test and develop other assessment 

instruments. For other researchers, they should conduct research by developing instruments 

with other polytomous responses (assessment of learning and assessment as learning) on 

other materials. In addition, for further research, it is suggested to conduct a study that 

develops an assessment instrument with a learning response polytomous (pretest). This is 

important so that students' prior knowledge can be known and learning can be effective. 

Limitations 

The research carried out has several limitations. Firstly, the selected schools have not met the 

researchers' expectations, for example, representing schools of high, medium, and low 

quality. In addition, during the collection of research data that begins with learning, it is not 

fully controlled by the researcher, so the students who are the research samples are less 

conditioned. The research is only limited to algebraic materials (sequences and series, 

matrices, equations, and quadratic functions), and does not represent other mathematical 

materials, such as geometry and statistics. 
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Appendix 
 

Instrument of the Open Polytomous Response Test 
 

 
Name ofStudent : ………………………………. 
Class/Department : ………………………………. 
School    : ………………………………. 
 
Instructions :Mark (x) one of the correct answer choices, and give the reason 
(use another piece of paper to write down your reason) 
 
 

1. Given an arithmetic sequence: 3, 8, 13, 18, ....  
The formula for the nth term of the sequence is .... 
A. Un = 5n – 3C.Un = 4n – 1 
B. Un = 5n – 2D.Un = 3n + 2 
C. Un = 4n – 1 
 
Reason: ..................................................... 
 

2.  Given an arithmetic sequence: 2, 5, 8, 11, …, 68.  
 The number of terms in the sequence is… 

A. 12D.23 
B. 13E.24 
C. 22 
 
Reason: ...................................................... 

3. An arithmetic sequence, the 5th term is 31 and the 
8th term is 46. The difference between the 
sequences is... 
A. 5D.8 
B. 6E.11 
C. 7 
 
Reason: ...................................................... 
 

4. The 4th and 9th terms of an arithmetic sequence are 
110 and 150. The 30th terms of the arithmetic 
sequence are... 

A. 308D.344 
B. 318E.354 
C. 326 

 
Reason: .............................................................. 

5. An arithmetic sequence is: 3, 8, 13, 18, …, 103.  
Then the middle term of the sequence is … 
A. 53D.11 
B. 52E.10 
C. 20 
D. 11 
E. 10 
 
Reason: ....................................................... 
 

6.Given the arithmetic sequence: 4, 10, 16, 22, …. . 
If twonumbers are inserted in every two 
consecutive terms then the 10th term of the sequence  
is... 

A. 18D.24 
B. 20E.26 
C. 22 
 
Reason: ................................................................. 

 
7.The nth term of an arithmetic series is Un = 3n – 5.  
The formula for the sum of the first n terms of the 
series is ... 

A. 𝑆𝑛 =
𝑛

2
(3𝑛 − 7)D.𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

B. 𝑆𝑛 =
𝑛

2
(3𝑛 − 5)E.𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

C. 𝑆𝑛 =
𝑛

2
(3𝑛 − 4) 

Reason: ......................................................... 
 

8.The sum of the first n terms of an arithmetic series.  
Sn = n2 – 19n. The formula for the nth term of the  
Series is...... 
 

A. 5n – 20D.2n – 20 
B. 5n – 10E.2n – 10 
C. 2n – 30 
 
Reason: .................................................................. 

9.The sum of all integers between 100 and 300 which 
are divisible by 5 is ...𝑆𝑛 =

𝑛

2
(3𝑛 − 7) 

A. 8.200D.7.600 
B. 8.000E.7.400 
C. 7.800 
 
Reason: ........................................................ 
 

10.PT. Angkasa Jaya in the first year produced 5,000 
units. In the second year, production was reduced 
by 80 units per year. In what year did the company 
produce 3,000 units? 
A. 24D.27 
B. 25E.28 
C. 26 
 
Reason: ............................................................... 
 
 

 
11.The middle term of an arithmetic sequence is 25.  
If the difference is 4 and the 5th term is 21.  

12. A number of candies are distributed among five 
children according to the rules of an arithmetic 
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Then the sum of all the terms in the sequence is ... 
A. 175D.295 
B. 189E.375 
C. 275 
 
Reason: ........................................................ 
 

sequence. The younger the child, the more candy he 
gets. If the second child receives 11 pieces of candy 
and the fourth child 19 pieces, then the total number 
of candies is... pieces 
A. 60D.75 
B. 65E.80 
C. 70  
 
Reason: ................................................................. 

 
13. The sum of the first n terms of a series is 2n2-n.  
So the 12th term of the series is... 

A. 564D.45 
B. 276E.36 
C. 48 
 
Reason: ................................................................... 
 

14. The number of terms in the geometric sequence:  
3, 6, 12, ..., 3072 is ... 

A. 9D.12 
B. 10E.13 
C. 11 

 
Reason: ................................................................... 
 

15.A geometric sequence has the 2nd term is 8, and the 
5th term is 64. The 7th term of the sequence is ... 
A. 32D.256 
B. 64E.512 
C. 128 
 
Reason: ................................................................... 
 

16. The value of the middle term of the geometric 
sequence:  
6, 3, …, 3/512is … 

𝐴.
1

16
𝐷.

4

16
 

𝐵.
2

16
𝐸.

5

16
 

𝐶.
3

16
 

Reason:............................................... 
 

17.A piece of wire is cut with the first piece being 8 cm, 
and the next piece 1.5 times the previous cut. Then 
the 5th piece is... cm 
A. 18D.35 
B. 24E.40,5 
C. 27,5 
 
Reason: .................................................................... 

 

18.The sum of an infinite geometric series is 12 and the 
first term is 9. The ratio is ... 

A. 
3

4
D.−

1

2
 

B. 
1

4
E.−

3

4
 

C. 
1

3
 

 
Reason: .................................................................. 
 

19. Aball falls from a height of 10 m and bounces back 
3/4 times its previous height. The total number of 
paths until the ball stops is....m 
A. 60D.90 
B. 70E.100  
C. 80  

 
Reason: ........................................................ 

 

20. Given [4 8 5
6 3 1

] = [
2𝑎 𝑏 + 𝑎 5
6 3 1

].  

 
The value of3a + b is ... 
A. 8D.14 
B. 10E.20 
C. 12 

 
Reason: ......................................................... 

21. Given𝐾 = [
𝑎 2 3
5 4 𝑏
8 3𝑐 11

]and𝐿 = [
6 2 3
5 4 2𝑎
8 4𝑏 11

].  

 
If K = L, then cis... 
A. 12D.15 
B. 13E.16 
C. 14 
 
Reason: ................................................................ 
 

22. Given 𝐴 = [
1 2
3 4

] , 𝐵 = [
2 3
0 1

] , 𝐶 = [
5 2
−1 0

].  

 
Then(A + C) – (A + B) is ... 

𝐴. [
5 4
5 4

]𝐷. [
3 −1
−1 −1

] 

𝐵. [
4 7
2 5

] 𝐸. [
7 −1
1 −1

] 

𝐶. [
4 0
−4 −4

] 

 
Reason: ..................................................................... 
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23. Given matrix𝑃 = [
1 3 1
2 4 5
0 7 6

], then (𝑃𝑡)𝑡 adalah ... 

𝐴. [
1 2 0
3 3 7
1 5 6

]D.[
0 7 6
2 4 5
1 3 1

] 

𝐵. [
1 3 1
3 3 7
1 5 6

]E.[
0 7 6
2 4 5
1 3 1

] 

𝐶. [
1 3 1
2 4 5
0 7 6

] 

 
Reason: ................................................................. 

 

24. Given matrix 𝐴 = [
2𝑥 −5
3 𝑦

], 𝐵 = [
𝑦 2
2 4

],and 𝐶 =

[
8 −3
5 2𝑥

]. 

 
IfA + B = C,thenx + y = ... 
A. –5D.3 
B. –1E.5 
C. 1 
 
Reason: .......................................................... 
 

25. If𝐴 = [3 5] and 𝐵 = [
1 4
2 6

],then 2AB adalah ... 

𝐴. [13 42]D.[13 84] 
𝐵. [26 84]E.[30 36] 
𝐶. [26 42] 

 
 Reason: ................................................................... 

 
 

26. If[ 1 −3
−2 4

], 𝐵 = [
−2 0
1 3

], and 𝐶 = [
3 −1
1 −2

] 

 
thenA(B – C) = ... 
 

𝐴. [
−5 −14
10 18

]D.[ 1 −2
−2 2

] 

𝐵. [
−5 −4
10 6

]E.[−7 19
−2 20

] 

𝐶. [
1 −16
−2 22

] 

Reason: .......................................................... 

27.  Matrix Xthat satisfies[1 2
3 4

]𝑋 = [
4 3
2 1

]is ... 

𝐴. [
−6 −5
5 4

]D.[ 4 −2
−3 1

] 

𝐵. [
5 −6
4 5

]E.[ 4 −2
−3 1

] 

𝐶. [
−6 −5
4 5

] 

Reason: ............................................................ 

28. Ifmatrix𝐴 = [
3 −𝑥
6 8

] is singular matrix.  

Value of x that satisfies is …. 
 
A.  – 5D.3 
B. – 4E.4 
C. – 3 

 
Reason: ........................................................... 

 

29. Given matrix A = [
0 2 3
−2 0 4
−3 −4 0

], then matrix 

determinantA is ... 
A. 0D.2 
B. 1E.4 
C. 2 
 
Reason: ................................................................ 

 
 

30. Transpose matrix P adalahPT. If 𝑃 = [
4 7
3 5

] then 

matrix (PT) – 1is... 

𝐴. [
−5 7
3 −2

]𝐷. [
−3 5
4 −7

] 

𝐵. [
3 −4
−5 7

]𝐸. [
4 −3
−7 5

] 

𝐶. [
−5 3
7 −4

] 

Reason: ................................................................... 

31. Given 𝐴 = [
4 3
2 2

] and 𝐵 = [
5 2
3 1

].  

Inverse matrix ABadalah (AB) – 1 = ... 

𝐴.
1

2
[
−6 11
16 −29

]𝐷.−
1

2
[
6 11
16 29

] 

𝐵.
1

2
[
29 11
16 6

]𝐸.−
1

2
[
−6 11
16 −29

] 

𝐶.−
1

2
[
29 11
16 6

] 

Reason: ............................................................... 
 

32. The roots of the quadratic equation3 dan – 4 are ... 
𝐴. 𝑥2 + 𝑥 − 12 = 0 
𝐵. 𝑥2 − 𝑥 − 12 = 0 
𝐶. 𝑥2 − 𝑥 + 12 = 0 
𝐷. 𝑥2 − 3𝑥 + 4 = 0 
𝐸. 𝑥2 − 4𝑥 + 3 = 0 
 
Reason: ..................................................................... 

33. The roots of the quadratic equation5𝑥2 + 4𝑥 −
12 = 0 are … 
𝐴.−2 dan 

5

6
𝐷.−2 dan −

6

5
 

𝐵. 2 dan −
5

6
𝐸.−2 dan 

6

5
 

𝐶. 2 dan 
6

5
 

 
Reason: ................................................................. 

34. The roots of the equation𝑥2 − 2𝑥 − 3 = 0 are 𝑥1 
and 𝑥2.If 𝑥1 > 𝑥2, then𝑥1 − 𝑥2is… 
𝐴.−4D.2 
𝐵.−2E.4 
𝐶. 0 

 
Reason: .......................................................... 

35. The roots of the quadratic equation2𝑥2 − 3𝑥 −
9 = 0 are𝑥1 dan 𝑥2.Value of𝑥1

2 + 𝑥2
2is… 

36. The roots of the quadratic equation:  
𝑥2 + 2𝑥 + 3 = 0 are α dan β. The quadratic 
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𝐴. 11

1

4
D. −6

3

4
 

𝐵. 6
3

4
𝐸.−11

1

4
 

𝐶. 2
1

4
 

 
Reason: .............................................................. 
 

equation(α – 2) dan (β – 2) is… 
a. 𝑥2 + 6𝑥 + 5 = 0 
b. 𝑥2 + 6𝑥 + 7 = 0 
c. 𝑥2 + 6𝑥 + 11 = 0 
d. 𝑥2 − 2𝑥 + 3 = 0 
e. 𝑥2 + 2𝑥 + 11 = 0 
 
Reason: ......................................................... 
 

37.A quadratic function that has a minimum value 
2forx = 1 and has a value of 3 for x = 2 is … 
A. 𝑦 = 𝑥2 − 2𝑥 + 1 
B. 𝑦 = 𝑥2 − 2𝑥 + 3 
C. 𝑦 = 𝑥2 + 2𝑥 − 1 
D. 𝑦 = 𝑥2 + 2𝑥 + 1 
E. 𝑦 = 𝑥2 + 2𝑥 + 3 
 
Reason: ............................................................. 
 

 

38. The figurebelow is a graph of the quadratic 
equation ? … 
𝐴. 𝑦 = 𝑥2 + 2𝑥 + 3 
𝐵. 𝑦 = 𝑥2 − 2𝑥 − 3 
𝐶. 𝑦 = −𝑥2 + 2𝑥 − 3 
𝐷. 𝑦 = −𝑥2 − 2𝑥 + 3 
𝐸. 𝑦 = −𝑥2 + 2𝑥 + 3 

 
Reason: ......................... 

39.If f is a quadratic function whose graph passes 
through the points (1,0), (4,0) and (0, –4) then the 
value of f(7) is … 
A.  – 16D.– 19 
B. – 17E.– 20 
C. – 18 
 
Reason: ...................................................... 
 

40. The graph equation of a quadratic function has an 
extreme point(–1, 4) and through (0, 3) is… 

𝐴. 𝑦 = −𝑥2 + 2𝑥 − 3𝐷. 𝑦 = −𝑥2 − 2𝑥 − 5 
𝐵. 𝑦 = −𝑥2 + 2𝑥 + 3𝐸. 𝑦 = −𝑥2 − 2𝑥 + 5 

𝐶. 𝑦 = −𝑥2 − 2𝑥 + 3 
 
Reason: .............................................................. 
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The results show that (1) the open polytomous response test has a good category according to classical and modern theory. 
However, the discrimination power of test items in classical theory needs several revisions, (2) the assessment instrument using the 
polytomous response of open multiple choice can guarantee information on the actual competence of students. This is proven by the 
fact that there is a harmony between the analysis result obtained from classical and modern theory from the students' arguments 
when giving reasons for their choices. Therefore, the open polytomous response test can be used as an alternative to learning 
assessment. 
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Introduction 

Assessment is an important activity that needs to be administeredby teachers in schools. The conventional paradigm 
often interprets assessment as a way to find out the achievement of student learning outcomes as a whole, so that the 
assessment is positioned as a separate activity from the learning process (Syaifuddin, 2020). Referring to the current 
paradigm, assessment in schools was divided into three types, e.g., assessment as learning, assessment for learning, and 
assessment of learning (Wulan, 2018). The three types of assessments aim to provide recognition of the achievement of 
student learning outcomes after the learning process (Earl, 2013).Belowisthe assessment pyramid (Figure 1). 

 

Figure 1. Assessment Pyramid 

Assessment can be administeredthrough atest. A test is a tool or procedure used to find out or measure students' 
abilities in particularareas with specific rules (Arikunto, 2012). A test consists of two types, namely multiple-choice and 
essay. A multiple-choice test is a form of assessment in which each item provides options, and one of the options is the 
correct answer. An essay test is a form of assessment that requires answers in sentences or words. Each type of test has 
its own strengths or weaknesses. The strengths of multiple-choice test over essaytestarefirstly,the test can be 

                                                        
*Corresponding author: 

SugengSutiarso, University of Lampung. SumantriBrojonegoro, Bandar Lampung, Indonesia.sugeng.sutiarso@fkip.unila.ac.id 

© 2022 The Author(s).Open Access- This article is under the CC BY license (https://creativecommons.org/licenses/by/4.0/).  

Attachments: EU-JER_11_3_1441_SUTIARSO_PROOF.docx   Tue, May 17, 2022 at 6:12 PM 

https://doi.org/10.12973/eu-jer.11.3.1441
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-4097-6000
https://orcid.org/0000-0003-1589-2403
https://creativecommons.org/licenses/by/4.0/


1442SUTIARSO ET AL./ Developing Assessment Instrument Using Polytomous 
 

conducted for many students, itis more objective, and the test results can be obtained more quickly. In addition to the 
strengths,ithasseveral weaknesses.The multiple-choice test is not able to portraythe actual abilities of students, the 
answers of thistesttend to be guessing gamesor trialanderror(Rosidin, 2017). In addition, the strength of the multiple-
choice test has a scoring certainty compared to the essay test, namely 1 and 0 (score 1 for the correct answer, and 0 for 
the wrong answer). A multiple-choice test with only two answer choices is called a "dichotomous test," and a multiple-
choice test with more than two answer choices is called a "polytomous test"(Kartono, 2008). 

Until quite recently, multiple-choice test has been widely used by teachers to assess students' abilities, especially those 
with a large number and a wide area of expertise. To reduce the weakness of multiple-choice test, in the last four 
decades, experts have developed multiple-choice test by combining multiple-choice test and essay into multiple-choice 
test with reasons orhenceforthcalled as polytomous response test(Suwarto, 2012). The polytomous response test score 
ranges from 1 – 4in which score 4 for the correct answer and reason, score 3 for the correct answer but the wrong 
reason, score 2 for the wrong answer but the correct reason, and score 1 for the wrong answer and reason(Kartono, 
2008). 

In the 1980s, the first test that was focused on and developed by experts was the closed polytomous response test, also 
known as the two-tier test(Treagust, 1988). This test consists of two levels: the first is choosing answers on the 
multiple-choice test, and the second level is choosing reasons based on the answer choices at the first level 
(Chandrasegaran et al., 2007).  Several studies on the closed polytomous response test have been carried out, such as a 
test on mathematical ability in middleschool (Hilton et al., 2013; Rovita et al., 2020), a test on calculus material 
(Khiyarunnisa & Retnawati, 2018), test on higher order thinking mathematical skills (Sundari, et al., 2021), and test on 
mathematical connection material (Lestari et al., 2021). Although the closed polytomous response test has been widely 
developed, researchers have found weaknesses in the test, such as students' misconceptions or students' actual 
competencecannot be identifiedin detail (Antara et al., 2019), the test instrument is difficult to construct (Khusnah, 
2019), and student answers are still guessed (Myanda et al., 2020). However, there are strengths in the closed 
polytomous response test, such as the consistency of student answers errors, which is easily observed(Treagust, 1988), 
and the suitability between the student's answer choices and the reason is easy to know (Diani et al., 2019). 

To reduce the weakness of the closed polytomous response test, the experts modified the test into an open polytomous 
response test. The open polytomous response test is a form of multiple-choice test that provides a place to write 
arguments for the answer choices (Retnawati, 2014). The studies on the open polytomous response test that have been 
carried out are test on calculus material in universities (Yang et al., 2017) and test on mathematics material in senior 
schools(Ayanwale, 2021) and junior schools (Falani et al., 2020). These studies developed open polytomous response 
tests for students in college and senior or junior school. Students in college and senior or junior school learn 
mathematics as a primary subject, while students in vocational schools learn mathematics as a secondary subject 
(Oktaria, 2016). In addition, students in vocational schools are more oriented towards practical abilities and skills, in 
contrast to students in college or high school who are more academically oriented, including in Indonesia 
(Permendikbud, 2016). 

Currently, the Indonesian government expectsthatvocational schoolsis notacademicallyleft behind especially in 
mathematics. The government's commitment is to improve the methodof assessing student learning in vocational 
school, and the currentassessment method is usingpolytomus test. Often, students pay less attention during math 
exams for several reasons, such as considering mathematics as an unimportant subject (Putri et al., 2017), mathematics 
as a complicated subject (Vani et al., 2019), and mathematics as a boring subject (Ikmawati, 2020). 
Therefore,thestudents tend to answer the test by guessing. To avoid the tendencies, it is necessary to develop a 
polytomus response test (closed or open). Byconsidering the disadvantages of the closed polytomous response test, it is 
reasonable to conduct research by developing open polytomous response test for students in vocational schools. 

The test instrumentdeveloped must be reliable as a good test, and thereforeit isnecessary to analyze the quality of test 
items(Rosidin, 2017). There are two theories for analyzing the item quality, namely classical and modern. Classical 
theory is a measurement theory for assessing test based on the assumption of measurement errors between actual 
results and observations, and from the assumption, aformula for calculating the level of difficulty and item 
discrimination was developed (Hambleton & Jones, 1993). The modern theory is a measurementtheory to assess 
students' abilities by comparing students' abilities with their group abilities, and itis known as Item Response 
Theory/IRT (Hambleton & Linden, 1982). Classical theory is widely used by teachers because it is easy to apply. 
However, this classical theory has a weakness, namely, it cannot separate the characteristics of students and items. The 
modern theory is a solution to overcome the weaknesses of the classical theory because, in the modern theory, an item 
does not affect other items (local independence), items only measure one dimension (unidimensional) (Anisa, 2013), 
and an item eliminates the relationship between respondents and items (parameter invariance) (Saepuzaman et al., 
2021). Therefore, experts suggest that the test instrument is accountable; the quality of the items must be good 
according to the analysis of classical and modern theory (Retnawati, 2014). 

Therefore, the aim of the research is to develop a good mathematical test instrument using polytomous responses 
according to classical and modern theories in vocational schools. The research problems are stated as follows:(1) Does 
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the open polytomous response test developed have a good category so that it can be used as an assessment instrument 
in vocational schools based on classical and modern theory?and (2) Does the open polytomous response test 
instrument developed provide information on students' actual competence in vocational schools? 

Methodology 

Research Design 

This research is a research and development modelthat refers to Plomp’s (2013) model, with the research procedure 
consisting of five stages: preliminary investigation, design, realization or construction, test phase, revision, and 
implementation (test). 

 

 

 

 

 

Figure 2. Stages of Research Design 

The preliminary investigation stage is to identify the currentassessment instruments used by teachers. The design stage 
is to make the open polytomous response test grid according to the basic competencies of mathematical concepts and 
to make a quality assessment questionnaire sheet. The realization/construction stage is developing the items test 
validated by an expert process for the items test. The revision stage is the improvement of items on the test based on 
expert advice. The implementation (testing) stage is to try out the test on students and toanalyze the results of the test. 

Research Subject 

The subjects of the study were students of vocational schools situatedin the province of Lampung, Indonesia. The 
research sample was determined using a non-probability sampling technique in the form of accidental sampling, which 
means taking a subject based on a subject that is easy to find and ready to be a respondent(Malhotra, 2006). The 
selected schools were three schools as representatives, namely the Mitra Bhakti vocational school, the Praja Utama 
vocational school, and the Ma'arif NU vocational school. The research subjects were 413 students in grade I (male 
students = 191, and female students = 222), whose mathematical abilities on the National Exam (NE) were categorized 
as moderate (average 64.67 out of the ideal score of 100). The following are the characteristics of the research subjects 
in detail shown in Table 1. 

Table 1. Research Subjects 

Vocational Schools Grade 
The Number of Students 

Average of NE 
Total Male  Female 

Mitra Bhakti 
I-A 13 5 8 64.24 
I-B 23 10 13 62.4 
I-C 29 9 20 65 

Praja Utama 

I-A 40 40 0 64 
I-B 39 39 0 64.62 
I-C 43 15 28 68.72 
I-D 38 15 23 67.9 
I-E 41 14 27 67.56 
I-F 40 17 23 63.38 
I-G 40 8 23 67.74 

Ma’arif NU 
I-A 31 14 17 62.1 
I-B 36 5 51 58.34 

Total 413 191 222  64.67 

Data Collection Techniques 

Data were collected using a questionnaire and a test. The questionnaire contains several questions to the teacher about 
the instrument for assessment used by the teacher and also expert validity of the instrument developed to determine 
content validity (Suhaini et al., 2021). The instrument was validated by two raters who have expertise in mathematics 
and educational evaluation. The three aspects assessed by the expert were the suitability of the items with the 

Realization/construction Design Preliminary investigation 

Implementation (Test) Revision 
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indicators, language, and alternative answers to the questions. The score validating the instrument follows the criteria 
as in Table 2 below. 

Table 2. Content Validity Score 

Description Score 
Irrelevant 1 
Quite relevant 2 
Relevant 3 
Very relevant 4 

After determining the content validity, the instrument was tested to students. Then, it was continued by determining 
the validity of the construct and its reliabilityto ensure that the instrument could be further analyzed. 

The instrument used was the open polytomous response test, which consisted of 40 questions on the concepts of 
sequences and series (arithmetic and geometry), quadratic equations and functions, and matrices. Each item contained 
five answer choices along with the reasons. Student scores arereferred to the polytomous score in the Partial Credit 
Model, where answer choices and reasons were related(Retnawati, 2014), as shown in Table 3 below. 

Table 3. Scores for Student Answers 

Student Answers 
Score 

Answer Options Reason 
False False 1 
False Right 2 
Right False 3 
Right Right 4 

Data Analysis 

The collected data were analyzed in two stages: (1) questionnaire data analysis (qualitative analysis) and (2) test data 
analysis (empirical analysis).The following is an explanation of each data analysis: 

1. Questionnaire data analysis (qualitative analysis) 

There are two sets of questionnaire datanamely, identification of assessment instruments in schools and expert 
assessment of the assessment instruments developed. The results of the two questionnaires were analyzed 
descriptively. Specifically for expert judgment, it was continued with an analysis of expert agreement that used the 
Gregory index formula (Gregory, 2015), namely: 

 V = 
𝐷

𝐴+𝐵+𝐶+𝐷
 

Description: 

 V = Content Validity 

 A = Rater 1 and 2 are weak 

 B = Rater 1 is strong, and rater 2 is weak 

 C = Rater 1 is weak, and rater 2 is strong 

D = Rater 1 and 2 are strong 

The interpretation of Gregory's formula is that the number V is in the range of 0 to 1. The higher thenumber V (close to 
1 or equal to 1), the higher the value of the validity of an item. Conversely, the lower the number V (close to 0 or equal 
to 0), the lower the validity of an item. 

2. Test data analysis (empirical analysis) 

After conductingthe content validity test, the researchersconductedthe construct validity and reliability test. The 
construct validation test used exploratory factor analysis. The instrument is considered to havinggood construct if the 
explained Kaiser-Meyer-Olkin (KMO) value is greater than 0.5 (Retnawati, 2014). Reliability test using Cronbach's 
alpha formula. The instrument is said to have good reliability if the coefficient value of Cronbach's Alpha is 
0.60(Arikunto, 2012). If the instrument has good construct validation, further test can be analyzed, namely the level of 
difficulty and item discrimination. The reason for analyzing the level of difficulty and item discrimination is that they 
are both preliminary analyses of the assumptions of measurement theory (Hambleton & Jones, 1993). To simplify the 
process of analyzing the level of difficulty and item discrimination, the Iteman program was used for classical theory 
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and the Winsteps program for modern theory (Sarea & Ruslan, 2019). The Winsteps program was used because it had 
several advantages; namely, it can analyze polytomous data and calculate the maximum likelihood model using a 1-
parameter logistic model (Untary et al., 2020). 

2.1 Analysis of test data with classical theory 

a. The item difficulty level is the percentage of the number of students who answered correctly or incorrectly. If 
the item has an index of 0.3-0.7, then the item is good; if the item has an index below 0.3, then the item is 
difficult; and if the item has an index above 0.7, then the item is easy. 

b. Discrimination is the ability of a test to distinguish between high-ability students and low-ability students. 
Discrimination is said to be good if it has an index above 0.3, and if the discrimination index is below 0.3, then 
the question needs to be revised (Arikunto, 2012). 

2.2 Analysis of test data with modern theory 

a. The item difficulty level is the level of the student's latent trait towards the item. The difficulty of the items 
determines the ability of about 50% of the respondents who are expected to answer items correctly (DeMars, 
2010). An item is said to be good if it has an index of between -2 and +2 (Hambleton & Swaminathan, 1985). If 
the index is close to -2, then the item is classified as very easy, and if the index is close to +2, the item is 
classified as very difficult (Retnawati, 2014). In the Winsteps program, the item difficulty level is in the 
Measure column. 

b. Item discrimination is indicated by the slope of the curve on the item characteristics. The item is said to have 
good discrimination if the slope of the curve is moderate (not too gentle or steep) because if the slope of the 
curve is too gentle or steep, then the item is not good. Another opinion states that a good index is above 0.4 
(Crocker & Algina, 1986). In the Winsteps program, the item discrimination is in the Pt-Measure Correlation 
column. 

According to modern theory, before analyzing the item difficulty level and discrimination, three assumptions must be 
tested, namely unidimensionality, local independence, and model fit (Hambleton et al., 1991). Unidimensional means 
that each test item only measures one ability. There are three ways that are often used to test unidimensionality, 
namely the analysis of the Eigenvalue of the correlation matrix between items, the Stout-test on the unidimensional 
assumption test, and the index based on the residuals of the unidimensional solution (DeMars, 2010). In this study, the 
dimensional test used the Eigenvalue analysis of the correlation matrix between items. 

Local independence is the state of the respondent's answer to an item that is not influenced by other items. Local 
independence test by proving that the probability of the respondent's answer pattern is the same as the probability of 
the respondent's answer to each item. If the unidimensional assumption is accepted, the local independence 
assumption will also be accepted (DeMars, 2010). Use the Model Fit Test to find out whether the model used is in 
accordance with the items. Test the fit of the model by measuring the outfit mean square (MNSQ) and PT-Measure. If 
the outfit’s MNSQ value is 0.5 to 1.5 and the Pt-Measure Correlation is positive, it is said that the item fits the model 
(Linacre, 2012). In addition, the information function and standard error measurement (SEM) are analyzed, which aims 
to further explain the latent ability as measured by using a test that is expressed through item donations. 

Findings/Results 

Analysis of Questionnaire Data 

Based on the results of the questionnaire, it was found that the teacher had never used the polytomous response. As 
many as 80% of teachers used essay tests and 20% of teachers used multiple-choice tests, with each instrument 
consisting of 2-5 items. In addition, about 10% of teachers used this assessment as a means for learning improvement, 
such as improving lesson plans and teaching methods. The results of the questionnaire stated that 90% of teachers who 
did not use assessment as an improvement in learning were caused by several aspects, such as teachers did not 
understand assessment (20%), teachers did not know how to analyze assessments (50%), and teachers did not know 
how to develop good assessment questions (30%). The following is the summary of the questionnaire from the 
identification data. 
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Figure 3. Description of Teacher Conditions in Assessment 

Content Validity 

The results of the two expert assessments showed that the content validation instrument is good. Furthermore, the 
analysis of expert judgment agreement was obtained as shown in Table 4 below. 

Table 4. The Gregory Item Index 

 Rater 1 
Weak strong 

Rater 2 
weak 0 0 
strong 0 40 

Index Gregory 1 

Based on the results of the assessment in Table 4, it can be concluded that the instrument is valid because the value of V 
reaches a value of 1. Therefore, the instrument test can be continued. In addition to providing assessments, the experts 
also provided some suggestions for improvements to the instrument, namely the preparation of questions using the 
ABCD format (Audience, Behavior, Competence, and Degree), avoiding the use of ambiguous language or statements, 
improving mathematical concepts, making alternative answer choices that are misleading, and arranging them in order. 

Analysis of Test Data 

Construct Validity 

After testing the instrument, it was followed by a construct validity test. The results of the test with exploratory factor 
analysis are shown in Table 5. 

Table 5. Exploratory Factor Analysis 

KMO and Bartlett's Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
Bartlett's Test of Sphericity Approx. Chi-Square 1936.378 

Df 780 
Sig. .000 

Based on Table 5, the explained KMO value is 0.76 (more than 0.5), and it can be concluded that the variables and 
samples used to allow for further analysis. 

Reliability 

The results of the estimation of the reliability of the instrument obtained a Cronbach's alpha coefficient value is 0.89 
(more than 0.6). It means that the instrument has good reliability so that the analysis of the level of difficulty and item 
discrimination can be continued according to classical and modern methods. 

Table 6. Reliability of Items 

Cronbach’s Alpha N of Items 
0.892 40 
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Analysis of Test Data with Classical Theory 

Analysis of test data in the classical way did not require testing assumptions, but the analysis of the difficulty level of 
the items and the distinguishing power of items could be directly calculated if the validity and reliability have been met. 
The results of the two analyses are presented in Table 7 below. 

Table 7. The Item Difficulty Level and Discrimination 

Item Difficulty 
Level 

Category Discrimi
nation 

Category Item Difficulty 
Level 

Category Discrimi
nation 

Category 

1 0.538 Good 0.196 Revised 21 0.482 Good 0.143 Revised 
2 0.487 Good 0.179 Revised 22 0.535 Good 0.429 Good 
3 0.528 Good 0.214 Revised 23 0.492 Good 0.250 Revised 
4 0.540 Good 0.304 Good 24 0.438 Good -0.071 Revised 
5 0.489 Good 0.089 Revised 25 0.436 Good -0.107 Revised 
6 0.446 Good -0.161 Revised 26 0.385 Good -0.286 Revised 
7 0.438 Good -0.232 Revised 27 0.383 Good -0.321 Revised 
8 0.453 Good -0.143 Revised 28 0.416 Good -0.143 Revised 
9 0.414 Good -0.143 Revised 29 0.458 Good -0.125 Revised 

10 0.409 Good -0.339 Revised 30 0.385 Good -0.375 Revised 
11 0.438 Good -0.143 Revised 31 0.404 Good -0.321 Revised 
12 0.436 Good -0.036 Revised 32 0.433 Good -0.250 Revised 
13 0.400 Good -0.321 Revised 33 0.441 Good 0,036 Revised 
14 0.450 Good -0.036 Revised 34 0.424 Good -0.268 Revised 
15 0.462 Good 0.250 Revised 35 0.412 Good -0.321 Revised 
16 0.453 Good -0.089 Revised 36 0.431 Good -0.304 Revised 
17 0.416 Good -0.143 Revised 37 0.404 Good -0.232 Revised 
18 0.419 Good -0.196 Revised 38 0.363 Good -0.482 Revised 
19 0.431 Good -0.232 Revised 39 0.230 Good -0.929 Revised 
20 0.441 Good -0.089 Revised 40 0.211 Good -1.071 Revised 

Based on Table 7, it was found that all items have an item difficulty level in the index range of 0.3 to 0.7, so they are 
categorizedin the good category. Meanwhile, only two items on discrimination had good categories, and the remaining 
items needed to be revised. The results indicated that all items were good based on the level of difficulty, butalmostall 
items needed to be revised for item discrimination. 

Analysis of Test Data with Modern Theory 

The Unidimensional Assumption Test 

The unidimensional assumption test is the first assumption test with factor analysis. Factor analysis begins by testing 
the adequacy of the sample to be used in the analysis, constructing a variance-covariance matrix, and then calculating 
the Eigenvalue. The Eigenvalue was then used to calculate the percentage of explained variance, as well as to describe 
the scree plot (Retnawati, 2014). The output of factor analysis was the Kaiser-Meyer-Olkin Measure of Sampling 
Adequacy (KMO) statistic and scree plot. 

Table 8. The KMO Test 

KMO Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
 Sig. .000 

The unidimensional test is seen based on the cumulative percentage of Eigenvalue and scree plot analysis results. If the 
cumulative percentage of the first-factor Eigenvalue is greater than 20%, then the unidimensional assumption is 
fulfilled (Retnawati, 2014). In Table 9, it can be seen that the cumulative percentage of the first-factor Eigenvalue is 
20.220%. Because the Eigenvalue is more than 20%, this instrument is proven to only measure one factor or 
dimension. 

Table 9. Total Variance Explained 

Component 
Initial Eigenvalue 

Total Variance (%) Cumulative (%) 
1 8.088 20.220 20.220 
2 1.458 3.646 23.865 
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In addition, the unidimensional test can also be seen on the scree plot, which is based on the number of factors marked 
by the steepness of the graph with the acquisition of Eigenvalue. 

 

Figure 4. Scree Plot Unidimensional 

Based on the scree plot, it is known that the Eigenvalue immediately slope on the second factor. It demonstrates that 
the developed instrument has only one dominant factor. The results prove that the test kit meets the unidimensional 
assumption, or in other words, only measures one dominant factor. 

Local Independence Assumption Test 

The local independence assumption test will be fulfilled if the student's answer to one item does not affect the student's 
answer to another item. Thus, the score of one item should not be determined or dependent on the scores of other 
items. This confirms that this assumption automatically proves that students' answers do not affect answers to other 
items (Retnawati, 2014). 

Table 10. The Covariance Matrix. 

 K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 
K1 0.0486          
K2 0.012 0.0042         
K3 0.0105 0.0034 0.0032        
K4 0.0317 0.0106 0.0093 0.0293       
K5 0.01 0.0032 0.0029 0.0085 0.0028      
K6 0.0069 0.0023 0.0021 0.0062 0.002 0.0016     
K7 0.0036 0.0011 0.0009 0.0028 0.0009 0.0007 0.0004    
K8 0.0041 0.0015 0.0012 0.0037 0.0011 0.0008 0.0004 0.0006   
K9 0.0074 0.0024 0.0022 0.0065 0.002 0.0015 0.0007 0.0009 0.0017  

K10 0.021 0.0061 0.0054 0.0148 0.0051 0.0039 0.0017 0.0025 0.0043 0.0196 

Table 10 shows the results of the variance-covariance values between groups of students' abilities. In the table, it can 
be seen that the covariance value between the ability interval groups located on the diagonal is small and close to zero. 
This result shows that there is no correlation, so it can be said that the local independence assumption test is accepted. 

Model Fit 

The model fit test was analyzed using the Winsteps program. The item requirements are called "fit to the model."If the 
Outfit MNSQ value is 0.5 to 1.5 and the Outfit ZSTD value is -2 to 2, and the Pt-Measure Correlation is positive, then it 
can be said that the item fits the model (Sumintono & Widhiarso, 2015). An item is considered fit if one of the 
conditions is accepted. In addition, it can also be seen from the MNSQ infit of 0.77 to 1.3, but at this stage, the fit of the 
model is only taken on the MNSQ and Pt-Measure outfit values. Based on the results of the analysis, all items matched 
the model or fit (Figure 5). 
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Figure 5. Item Fit on Model 

The Item Difficulty Level 

The item difficulty level was analyzed using the Winsteps program, and the results obtained were presented in Table 12 
(Measure column). The item difficulty level is in the range of -0.70 to 0.84. From Table 12, the highest difficulty level is 
item 40 (difficulty level 0.84), and the lowest difficulty level is item 1 (difficulty level -0.70). Since the difficulty level is 
in the range of 2 and 2, it can be concluded that all items are in the good category. If further divided into three 
categories, the difficulty level of items in the range of -0.7 to 0.84 is moderate (Sumintono & Widhiarso, 2015). It can 
also be seen on the difficult map items, namely that the difficulty level is in the range of -2 and 2. 

 

Figure 6. Item Difficulty Level 
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Figure 7. Item Difficulty Map 

The Item Discrimination 

The item discrimination analysis used the Winsteps program, and the results are presented in Figure 8 (PT-Measure 
Correlation column). Item discrimination is in the range of 0.23 to 0.74, with details of 27 items having an index above 
0.4 (good category), and 13 items having an index below 0.4 (bad category). However, the 13 items can be used as an 
instrument as long as the index is above 0 (Alagumalai et al., 2005). 

 

Figure 8. Item Discrimination 
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Comparative Analysis Between Classical and Modern Theory 

The results of the analysis of classical and modern theories obtained the index of difficulty level and item 
discrimination as follows. 

Table 11. Comparison of Classical and Modern Theories 

Parameter 
Classical Theory Modern Theory 

Many Items with 
Good Categories 

Percentage Many Items with 
Good Categories 

Percentage 

Difficulty level 40 100 40 100 
Item discrimination 2 0.05 27 67.5 

Based on Table 11, the level of item difficulty analyzed by classical and modern theory has the same results (good 
category). However, item discrimination using modern theory has more items in the good category than classical 
theory. If we compare the index of discriminatory items between classical (Table 7) and modern (Figures 6 and 8), it 
can be seen that there is a match between the categories of item discrimination. It means that if item discrimination is 
not good with the classical theory, then item discrimination is also not good with the modern theory (13 items 
correspond to the item discrimination index, and 27 do not match). 

Information and Measurement Error (SEM) Function 

The function of information to reveal latent ability was measured by using a test that was expressed through item 
donation. The test information function is also the sum of the functions of each item. The information function is 
inversely proportional to measurement error, or standard error measurement (SEM). The value of the information 
function of the test device will be high if the items that make up the test have a high information function. The following 
is a picture of the curve of the relationship between the information function and SEM. 

 

Figure 9. Graph of Information Function and Measurement Error 

Figure 9 shows that this instrument provides information of 22.36 (maximum) and has a measurement error of 0.21 
(smallest) for medium-ability students. The lower and upper limits of the interval are the ability scores where the 
graph of the information function and the SEM graph intersect at that interval. This graph states that the greater the 
value of the information function, the smaller the measurement error (SEM), and the item information function 
expresses the strength or contribution of the test items in revealing the latent trait as measured by the test. This 
information function provides a description of the item according to the model (which helps with item selection) 
(Retnawati, 2014). These results conclude that this test instrument is suitable for students with medium abilities. 

Based on the test results, it can also be seen that the actual competency information of students in the vocational school 
was based on the test answers. Instrument analysis is based on two patterns of student answers that have the same 
tendency based on Bloom's Taxonomy (Bloom, 1956). A total of six student answers were selected as samples with 
different abilities (high, medium, and low). 

Item 1: The cognitive domain to be achieved is C2 (Understanding). Based on students' answers, the two dominant 
patterns of student answers are: (1) students have understood the general form of arithmetic sequences and know the 
first term and other terms, and (2) students have not been able to formulate general forms in arithmetic sequences and 
perform algebraic operations on general forms arithmetic sequence. 
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 Question 1: Pattern 1: Pattern 2: 

 

  

Figure 10. An ExampleofStudent Answers in Item 1 

Item 2: The cognitive domain to be achieved is C2 (understanding). Based on students' answers, the two dominant 
patterns of student answers are (1) being able to understand the number of terms in a sequence by using the general 
formula for an arithmetic sequence, or determining the number of arithmetic sequences without using a general 
formula (only writing down all the terms from the first term until the last term) and (2) students who can already use 
the general formula for arithmetic sequences but have not been able to determine the number of arithmetic sequences 
because of errors in performing algebraic operations on general arithmetic sequences. 

Question2: Pattern 1 Pattern 2 

 
  

Figure 11. An ExampleofStudent Answers in Item 2 

Item 3: The cognitive domain to be achieved is C3 (applying). Based on students' answers, the two dominant patterns 
of student answers are: (1) students have understood and determined the difference between two non-adjacent 
arithmetic sequences using the general formula for arithmetic sequences, and (2) other students can determine the 
number of arithmetic sequences even though they are not using a general formula or by writing the terms of the known 
terms and inserting several terms. 

Question 3: Pattern 1 Pattern 2 

 

 

 

 

Figure 12. An Exampleof Student Answers in Item 3 

Item 4: The cognitive domain to be achieved is C3 (applying). Based on students' answers, the two dominant patterns 
of student answers are: (1) students have understood and can determine the nth term in an arithmetic sequence that is 
known to be two non-adjacent terms using the general formula for arithmetic sequences, and (2) students cannot 
determine the number of arithmetic sequences because it does not use a general formula but by writing the terms of 
the known terms and inserting several terms and continuing until the nth term. 
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Question 4: Pattern 1 Pattern 2 

 

  

Figure 13. An Example of Student Answers in Item 4 

Item 5: The cognitive domain to be achieved is C1 (remembering). Based on students' answers, the two dominant 
patterns of student answers are: (1) students have understood and determined the middle term of an arithmetic 
sequence, and (2) students can determine the middle term of an arithmetic sequence but do not use general formulas, 
but rather by writing the terms from known terms and inserting several terms and then defining them. 

Question 5: Answer Pattern 1 Answer Pattern 2 

 
 

 

Figure 14. An Example of Student Answers in Item 5 

Description of Instrument Development and Student Ability 

The instrument developed from this research is the open polytomous response test, and all parameters have been 
accepted. This instrument is a combination of a multiple-choice test and an essay. Multiple choice test is easier to check 
students' answers, but their mathematical thinking processes cannot be known in depth. While the essay test has the 
advantage of being able to find deeper mathematical thinking processes, it takes a long time to check the answers. 

Analysis of learning instruments is an important source of composite scores in the final report. In the final report, the 
student's ability score was first changed to a score of 0–10 (previously 0–100). The conversion is done through a linear 
transformation by dividing the student's score by the ideal score. Then, the result is multiplied by 10 to get a value 
range of 0–10 or multiplied by 100 to get a value range of 0–100. In the range of 0–10, the scores of students' 
mathematical ability were 8.56 (highest) and 4.31 (lowest), or in the range of 0–100, students' math ability scores were 
85.6 (highest) and 43.1 (lowest). 

The results of the analysis of student abilities are presented in the form of predicates ranging from very low to very 
high according to the specified category. The results of this analysis show that most students have very low to medium 
abilities, as much as 62% (253 students), and the remaining 38% (160 students) have high and very high abilities. 
Other analysis results found that high and very high-ability students tend to work according to concepts with more 
creative completion steps (different from the teacher's example), but students who have very low to medium abilities 
can solve problems according to concepts with less creative completion steps (e.g., routine or according to the teacher's 
example). 

Other results show that the assessment with an open response polytomus makes it easier for teachers to explore 
students' difficulties with a material. Then, from this exploration, the teacher can continue with improvements for 
students who have learning difficulties. An important finding of this study is that information about students' learning 
difficulties through the open polytomus response test is more secondhand and complete than other assessment 
instruments, such as multiple-choice tests(Gierl et al., 2017) or essay tests(Putri et al., 2020). 

Discussion 

This research is development research aimed at developing a good mathematical assessment instrument using 
polytomous responses according to classical and modern theories. The results of the data analysis found that there 
were differences in the results of the analysis between classical theory and modern theory, namely on item 
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discrimination. Classical theory analysis obtained 38 items with bad criteria and only 2 items with good criteria. In 
contrast, modern theory analysis obtained 27 items with good criteria and 13 items with bad criteria. According to 
evaluation theory, modern theory aims to cover the weaknesses of classical theory. The results of the classical theory 
analysis are often categorized as poor, but modern analysis results are categorized as good, and vice versa (Retnawati, 
2014). That is, an item that is not in a good category with classical theory should be analyzed according to the modern 
theory before revising or replacing the item. 

Research on learning assessment with open response polytomous was carried out by Yang et al. (2017). This research 
aims to diagnose student errors in completing calculus material at university. The instrument compares two types of 
test namely the two-tier test and the open polytomous response test. The research findings suggest that the open 
polytomous response test provides more detailed information on student error than the two-level test (see Figure 15). 
The research findings are in line with the results of this study, which states that the open polytomous response test 
provides more detailed information about students' abilities. 

  

Figure 15. An Example of Student Answers on The Two-Tier Test and The Open Polytomous 

Response Test 

Another study on learning assessment with open response polychromous was conducted by 
Ayanwale(2021).Ayanwale's research compares two polytomous response test analysis methods namely the Parallel 
and Partial Credit Model. The results of his research stated that the Partial Credit Model analysis had a first factor 
Eigenvalue of 20.5% (ideal Eigenvalue of more than 20%) compared to the Parallel analysis, which had the first factor 
Eigenvalue of 11.7%. The results of Ayanwale's research are in line with this study, which obtained the first factor 
Eigenvalue of 20.220%, and the author can state that the instrument developed is suitable to be used to assess 
vocational students in Indonesia, maybe even outside Indonesia. 

Other studies related to classical and modern theory were conducted bySarea (2018)and Saepuzaman et al.(2021). 
Sarea's research states that the response polytomous test has good criteria (classical and modern theory), and the 
classical theory analysis has more items than modern theory. Meanwhile, Saepuzaman's research found that the 
response polytomous test had good criteria (classical and modern theory), and the modern theory analysis had more 
items than classical theory. 

The results of the analysis of student answers obtained information that there were two patterns of students' solving 
questions: (1) formulasand (2) trial and error. Students who use formula patterns in solving problems tend to be 
carried out by high-ability students, and students who use trial and error patterns tend to be carried out by students 
with medium and low abilities. Students who use both patterns can answer the questions correctly as shown in Figure 
16 below. 

  



European Journal of Educational Research1455 
 

 

 

 

(i) 

 

 

(ii) 

Figure 16. An Example of Student Answer Patterns with (i) Formulas, (ii) Trial and Error 

Both patterns of solving math problems are common ways. This is in line with the opinion of Mason et al. (2010) that 
there are several ways that can be used in solving math problems, namely trial and error, using a drawing or model, 
analogy, and formula. Syahlan(2017) states that two ways that students often use to solve math problems are (1) trial 
and error and (2) formulas. Usually, students use trial and error methods to solve easy problems and formulas methods 
to solve difficult questions. If combined with student answers and Syahlan's opinion, students with medium and low 
abilities in solving easy questions will use trial and error methods, and students with high abilities in solving difficult 
questions will use formulas. 

The results of these student answers can be important information for teachers in teaching mathematics. This means 
that before teaching material, the teacher must know the students' initial abilities (high, medium, or low) and the level 
of difficulty of the material. Some of the benefits for teachers who know students' initial abilities are: teachers can 
develop professionally centered on students  (Gonzalez, 2018), teachers can adjust the level of cognitive and increase 
student learning engagement (Dong et al., 2020), assist teachers in designing pedagogical practices and correcting 
students' misconceptions (Geofrey, 2021).In addition, the benefit for teachers who know the level of difficulty of a 
material is that they can design remedial learning plans(Muhson et al., 2017; Wulanningtyas et al., 2020).The 
description above shows that there are many benefits that the teacher will get if the teacher knows the students' actual 
abilities, and this can be known by the teacher if the teacher uses the open polytomus response test. 

Conclusion 

Based on the results of the research and discussion, it can be concluded that (1) the open polytomous response test has 
a good category according to classical and modern theory. Thus, the test instrument requirements are accountable 
(qualifies for a good test) is a good test instrument according to the analysis of the two theories (classical and modern 
theory), and (2) the open polytomous response test can provide information on the actual competence of students; this 
is observed in the students' arguments in giving reasons for their choices. This is observed in the students' arguments 
when giving reasons for their choices. Therefore, the open polytomous response test can be used as an alternative to 
learning assessment. 

Recommendation 

Based on the research results, there are several recommendations for teachers, schools, and other researchers. For 
teachers, they should familiarize students with giving a test in the form of a polytomous response before giving the test. 
In schools, principals or other leaders should encourage other teachers to take advantage of this test and develop other 
assessment instruments. For other researchers, they should conduct research by developing instruments with other 
polytomous responses (assessment of learning and assessment as learning) on other materials. In addition, for further 
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research, it is suggested to conduct a study that develops an assessment instrument with a learning response 
polytomous (pretest). This is important so that students' prior knowledge can be known and learning can be effective. 

Limitations 

The research carried out has several limitations. Firstly, the selected schools have not met the researchers' 
expectations, for example, representing schools of high, medium, and low quality. In addition, during the collection of 
research data that begins with learning, it is not fully controlled by the researcher, so the students who are the research 
samples are less conditioned. The research is only limited to algebraic materials (sequences and series, matrices, 
equations, and quadratic functions), and does not represent other mathematical materials, such as geometry and 
statistics. 
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Appendix 

Instrument of the Open Polytomous Response Test 

Name of Student : ………………………………. 

Class/Department : ………………………………. 

School    : ………………………………. 

 

Instructions:Mark (x) one of the correct answer choices, and give the reason  

(use another piece of paper to write down your reason) 

 

 

1. Given an arithmetic sequence: 3, 8, 13, 18, 
....  
The formula for the nth term of the 
sequence is .... 
A. Un = 5n – 3 C. Un = 4n – 1 
B. Un = 5n – 2 D. Un = 3n + 2 
C. Un = 4n – 1 
 
Reason: ..................................................... 
 

2.  Given an arithmetic sequence: 2, 5, 8, 11, …, 
68.  
 The number of terms in the sequence is… 

A. 12 D. 23 
B. 13 E. 24 
C. 22 
 
Reason: ...................................................... 

3. An arithmetic sequence, the 5th term is 31 
and the 8th term is 46. The difference 
between the sequences is... 
A. 5 D. 8 
B. 6 E. 11 
C. 7 
 
Reason: ...................................................... 
 

4. The 4th and 9th terms of an arithmetic 
sequence are 110 and 150. The 30th terms of 
the arithmetic sequence are... 

A. 308 D. 344 
B. 318 E. 354 
C. 326 

 
 Reason: .............................................................. 

5. An arithmetic sequence is: 3, 8, 13, 18, …, 
103.  
Then the middle term of the sequence is … 
A. 53 D. 11  
B. 52 E. 10 
C. 20 
D. 11 
E. 10 
 
Reason: ...................................................... . 
 

6. Given the arithmetic sequence: 4, 10, 16, 22, 
…. 

 If two numbers are inserted in every two 
consecutive terms then the 10th term of the 

sequence  
is... 

A. 18 D. 24 
B. 20 E. 26 
C. 22 
 
Reason: ........................................................ ......... 

 
7. The nth term of an arithmetic series is Un = 

3n – 5.  
 The formula for the sum of the first n terms of 

the 
 series is ... 

A. 𝑆𝑛 =
𝑛

2
(3𝑛 − 7) D. 𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

B. 𝑆𝑛 =
𝑛

2
(3𝑛 − 5) E. 𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

C. 𝑆𝑛 =
𝑛

2
(3𝑛 − 4) 

 Reason: ......................................................... 
 

8. The sum of the first n terms of an arithmetic 
series.  

 Sn = n2 – 19n. The formula for the nth term of 
the  

 Series is...... 
 

A. 5n – 20 D. 2n – 20 
B. 5n – 10 E. 2n – 10 
C. 2n – 30 
 
Reason: ........................................................ .......... 

9. The sum of all integers between 100 and 300 

which are divisible by 5 is ...𝑆𝑛 =
𝑛

2
(3𝑛 − 7) 

A. 8.200 D. 7.600 

10. PT. Angkasa Jaya in the first year produced 
5,000 units. In the second year, production 
was reduced by 80 units per year. In what 
year did the company produce 3,000 units? 



1460SUTIARSO ET AL./ Developing Assessment Instrument Using Polytomous 
 

B. 8.000 E. 7.400 
C. 7.800 
 
Reason: ...................................................... .. 
 

A. 24 D. 27 
B. 25 E. 28 
C. 26 
 
Reason: ........................................................ ....... 
 
 

 
11. The middle term of an arithmetic sequence 

is 25.  
If the difference is 4 and the 5th term is 21.  
 Then the sum of all the terms in the sequence 

is ... 
A. 175 D. 295 
B. 189 E. 375 
C. 275 
 
Reason: ...................................................... .. 
 

12. A number of candies are distributed among 
five children according to the rules of an 
arithmetic sequence. The younger the child, 
the more candy he gets. If the second child 
receives 11 pieces of candy and the fourth 
child 19 pieces, then the total number of 
candies is... pieces 
A. 60 D. 75 
B. 65 E. 80 
C. 70  
 
Reason: ................................................................. 

 
13. The sum of the first n terms of a series is 

2n2-n.  
So the 12th term of the series is... 

A. 564 D. 45 
B. 276 E. 36 
C. 48 
 
Reason: ...................................................... ............. 
 

14. The number of terms in the geometric 
sequence:  

 3, 6, 12, ..., 3072 is ... 
A. 9 D. 12 
B. 10 E. 13 
C. 11 

 
 Reason: ................................................................... 
 

15. A geometric sequence has the 2nd term is 
8, and the 5th term is 64. The 7th term of 
the sequence is ... 
A. 32 D. 256 
B. 64 E. 512 
C. 128 
 
Reason: ...................................................... ............. 
 

16. The value of the middle term of the 
geometric sequence:  
6, 3, …, 3/512 is … 

𝐴.
1

16
𝐷.

4

16
 

𝐵.
2

16
𝐸.

5

16
 

𝐶.
3

16
 

Reason: ............................................... 
 

17. A piece of wire is cut with the first piece 
being 8 cm, and the next piece 1.5 times the 
previous cut. Then the 5th piece is... cm 
A. 18 D. 35 
B. 24 E. 40,5 
C. 27,5 
 
Reason: .................................................................... 

 

18. The sum of an infinite geometric series is 12 
and the first term is 9. The ratio is ... 

A. 
3

4
 D. −

1

2
 

B. 
1

4
 E. −

3

4
 

C. 
1

3
 

 
 Reason: .................................................................. 
 

19. A ball falls from a height of 10 m and 
bounces back 3/4 times its previous height. 
The total number of paths until the ball 
stops is.... m 
A. 60 D. 90 
B. 70 E. 100  
C. 80  

 
 Reason: ........................................................ 

 

20. Given [
4 8 5
6 3 1

] = [2𝑎 𝑏 + 𝑎 5
6 3 1

].  

 
The value of 3a + b is ... 
A. 8 D. 14 
B. 10 E. 20 
C. 12 

 
 Reason: ......................................................... 
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21. Given 𝐾 = [
𝑎 2 3
5 4 𝑏
8 3𝑐 11

]  and 𝐿 =

[
6 2 3
5 4 2𝑎
8 4𝑏 11

].  

 
If K = L, then cis ... 
A. 12 D. 15 
B. 13 E. 16 
C. 14 
 
Reason: ................................................................ 
 

22. Given 𝐴 = [
1 2
3 4

] , 𝐵 = [
2 3
0 1

] , 𝐶 =

[ 5 2
−1 0

].  

 
Then (A + C) – (A + B) is ... 

𝐴. [
5 4
5 4

]𝐷. [
3 −1
−1 −1

] 

𝐵. [
4 7
2 5

]𝐸. [
7 −1
1 −1

] 

𝐶. [
4 0
−4 −4

] 

 
Reason: ..................................................................... 

 

23. Given matrix 𝑃 = [
1 3 1
2 4 5
0 7 6

] , then (𝑃𝑡)𝑡 

adalah ... 

𝐴. [
1 2 0
3 3 7
1 5 6

] D. [
0 7 6
2 4 5
1 3 1

] 

𝐵. [
1 3 1
3 3 7
1 5 6

] E. [
0 7 6
2 4 5
1 3 1

] 

𝐶. [
1 3 1
2 4 5
0 7 6

] 

 
 Reason: ........................................................... ...... 

 

24. Given matrix 𝐴 = [
2𝑥 −5
3 𝑦

], 𝐵 = [
𝑦 2
2 4

], 

and 𝐶 = [
8 −3
5 2𝑥

].  

 
If A + B = C, then x + y = ... 
A. –5 D. 3  
B. –1 E. 5 
C. 1 
 
 
 
 
Reason: ........................................................ .. 
 

25. If 𝐴 = [3 5]  and 𝐵 = [1 4
2 6

] , then 2AB 

adalah ... 
𝐴. [13 42] D. [13 84] 
𝐵. [26 84] E. [30 36] 
𝐶. [26 42] 

 
 Reason: ........................................................... ........ 

 
 

26. If [ 1 −3
−2 4

] , 𝐵 = [−2 0
1 3

] , and 𝐶 =

[3 −1
1 −2

] 

 
then A(B – C) = ... 
 

𝐴. [
−5 −14
10 18

] D. [
1 −2
−2 2

] 

𝐵. [
−5 −4
10 6

] E. [
−7 19
−2 20

] 

𝐶. [
1 −16
−2 22

] 

 Reason: .......................................................... 

27.  Matrix X that satisfies [
1 2
3 4

]𝑋 = [4 3
2 1

] is 

... 

𝐴. [
−6 −5
5 4

] D. [
4 −2
−3 1

] 

𝐵. [
5 −6
4 5

] E. [
4 −2
−3 1

] 

𝐶. [
−6 −5
4 5

] 

Reason: ............................................................ 

28. If matrix𝐴 = [3 −𝑥
6 8

] is singular matrix.  

Value of x that satisfies is …. 
 
A.  – 5 D. 3 
B. – 4 E. 4 
C. – 3 

 
 Reason: ........................................................... 

 

29. Given matrix A = [
0 2 3
−2 0 4
−3 −4 0

] , then 

matrix determinant A is ... 
A. 0 D. 2 
B. 1 E. 4 
C. 2 
 
Reason: ...................................................... .......... 

 
 

30. Transpose matrix P adalahPT. If 𝑃 = [
4 7
3 5

] 

then matrix (PT) – 1is ... 

𝐴. [
−5 7
3 −2

]𝐷. [
−3 5
4 −7

] 

𝐵. [
3 −4
−5 7

]𝐸. [
4 −3
−7 5

] 

𝐶. [
−5 3
7 −4

] 

Reason: ........................................................ ........... 
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31. Given 𝐴 = [
4 3
2 2

] and 𝐵 = [
5 2
3 1

].  

Inverse matrix ABadalah (AB) – 1 = ... 

𝐴.
1

2
[
−6 11
16 −29

]𝐷. −
1

2
[
6 11
16 29

] 

𝐵.
1

2
[29 11
16 6

]𝐸. −
1

2
[−6 11
16 −29

] 

𝐶.−
1

2
[29 11
16 6

] 

Reason: ............................................................... 
 

32. The roots of the quadratic equation 3 dan – 
4 are ... 
𝐴. 𝑥2 + 𝑥 − 12 = 0 
𝐵. 𝑥2 − 𝑥 − 12 = 0 
𝐶. 𝑥2 − 𝑥 + 12 = 0 
𝐷. 𝑥2 − 3𝑥 + 4 = 0 
𝐸. 𝑥2 − 4𝑥 + 3 = 0 
 
Reason: ..................................................................... 

33. The roots of the quadratic equation5𝑥2 +
4𝑥 − 12 = 0 are … 

𝐴.−2 dan 
5

6
𝐷.−2 dan −

6

5
 

𝐵. 2 dan −
5

6
𝐸.−2 dan 

6

5
 

𝐶. 2 dan 
6

5
 

 
Reason: ................................................................. 

34. The roots of the equation𝑥2 − 2𝑥 − 3 = 0 
are 𝑥1 and 𝑥2. If 𝑥1 > 𝑥2, then 𝑥1 − 𝑥2is … 
𝐴.−4 D. 2 
𝐵.−2 E. 4 
𝐶. 0 

 
 Reason: .......................................................... 

35. The roots of the quadratic equation2𝑥2 −
3𝑥 − 9 = 0 are 𝑥1 dan 𝑥2. Value of 𝑥1

2 + 𝑥2
2  

is … 
 

𝐴. 11
1

4
 D. −6

3

4
 

𝐵. 6
3

4
𝐸. −11

1

4
 

𝐶. 2
1

4
 

 
Reason: ...................................................... ........ 
 

36. The roots of the quadratic equation:  
𝑥2 + 2𝑥 + 3 = 0 are α dan β. The quadratic 
equation(α – 2) dan (β – 2) is … 
a. 𝑥2 + 6𝑥 + 5 = 0 
b. 𝑥2 + 6𝑥 + 7 = 0 
c. 𝑥2 + 6𝑥 + 11 = 0 
d. 𝑥2 − 2𝑥 + 3 = 0 
e. 𝑥2 + 2𝑥 + 11 = 0 
 
Reason: ........................................................ . 
 

37. A quadratic function that has a minimum 
value 2 for x = 1 and has a value of 3 for x = 
2 is … 
A. 𝑦 = 𝑥2 − 2𝑥 + 1 
B. 𝑦 = 𝑥2 − 2𝑥 + 3 
C. 𝑦 = 𝑥2 + 2𝑥 − 1 
D. 𝑦 = 𝑥2 + 2𝑥 + 1 
E. 𝑦 = 𝑥2 + 2𝑥 + 3 
 
Reason: ...................................................... ....... 
 

 

38. The figure below is a graph of the quadratic 
equation? … 
𝐴. 𝑦 = 𝑥2 + 2𝑥 + 3 
𝐵. 𝑦 = 𝑥2 − 2𝑥 − 3 
𝐶. 𝑦 = −𝑥2 + 2𝑥 − 3 
𝐷. 𝑦 = −𝑥2 − 2𝑥 + 3 
𝐸. 𝑦 = −𝑥2 + 2𝑥 + 3 

 
 Reason: ......................... 

39. If f is a quadratic function whose graph 
passes through the points (1,0), (4,0) and 
(0, –4) then the value of f(7) is … 
A.  – 16 D. – 19 
B. – 17 E. – 20 
C. – 18 
 
Reason: ...................................................... 
 

40. The graph equation of a quadratic function 
has an extreme point (–1, 4) and through (0, 
3) is … 
𝐴. 𝑦 = −𝑥2 + 2𝑥 − 3𝐷. 𝑦 = −𝑥2 − 2𝑥 − 5 
𝐵. 𝑦 = −𝑥2 + 2𝑥 + 3𝐸. 𝑦 = −𝑥2 − 2𝑥 + 5 

𝐶. 𝑦 = −𝑥2 − 2𝑥 + 3 
 
Reason: ........................................................ ...... 
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Introduction 

Assessment is an important activity that needs to be administered by teachers in schools. The conventional paradigm 
often interprets assessment as a way to find out the achievement of student learning outcomes as a whole, so that the 
assessment is positioned as a separate activity from the learning process (Syaifuddin, 2020). Referring to the current 
paradigm, assessment in schools was divided into three types, e.g., assessment as learning, assessment for learning, and 
assessment of learning (Wulan, 2018). The three types of assessments aim to provide recognition of the achievement of 
student learning outcomes after the learning process (Earl, 2013). Below is the assessment pyramid (Figure 1). 

 

Figure 1. Assessment Pyramid 

Assessment can be administered through a test. A test is a tool or procedure used to find out or measure students' 
abilities in particular areas with specific rules (Arikunto, 2012). A test consists of two types, namely multiple-choice 
and essay. A multiple-choice test is a form of assessment in which each item provides options, and one of the options is 
the correct answer. An essay test is a form of assessment that requires answers in sentences or words. Each type of test 
has its own strengths or weaknesses. The strengths of multiple-choice test over essay test are firstly, the test can be 
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conducted for many students, it is more objective, and the test results can be obtained more quickly. In addition to the 
strengths, it has several weaknesses. The multiple-choice test is not able to portray the actual abilities of students, the 
answers of this test tend to be guessing games or trial and error (Rosidin, 2017). In addition, the strength of the 
multiple-choice test has a scoring certainty compared to the essay test, namely 1 and 0 (score 1 for the correct answer, 
and 0 for the wrong answer). A multiple-choice test with only two answer choices is called a "dichotomous test," and a 
multiple-choice test with more than two answer choices is called a "polytomous test"(Kartono, 2008). 

Until quite recently, multiple-choice test has been widely used by teachers to assess students' abilities, especially those 
with a large number and a wide area of expertise. To reduce the weakness of multiple-choice test, in the last four 
decades, experts have developed multiple-choice test by combining multiple-choice test and essay into multiple-choice 
test with reasons or hence forth called as polytomous response test (Suwarto, 2012). The polytomous response test 
score ranges from 1 – 4in which score 4 for the correct answer and reason, score 3 for the correct answer but the 
wrong reason, score 2 for the wrong answer but the correct reason, and score 1 for the wrong answer and reason 
(Kartono, 2008). 

In the 1980s, the first test that was focused on and developed by experts was the closed polytomous response test, also 
known as the two-tier test (Treagust, 1988). This test consists of two levels: the first is choosing answers on the 
multiple-choice test, and the second level is choosing reasons based on the answer choices at the first level 
(Chandrasegaran et al., 2007).  Several studies on the closed polytomous response test have been carried out, such as a 
test on mathematical ability in middle school (Hilton et al., 2013; Rovita et al., 2020), a test on calculus material 
(Khiyarunnisa & Retnawati, 2018), test on higher order thinking mathematical skills (Sundari, et al., 2021), and test on 
mathematical connection material (Lestari et al., 2021). Although the closed polytomous response test has been widely 
developed, researchers have found weaknesses in the test, such as students' misconceptions or students' actual 
competence cannot be identified in detail (Antara et al., 2019), the test instrument is difficult to construct (Khusnah, 
2019), and student answers are still guessed (Myanda et al., 2020). However, there are strengths in the closed 
polytomous response test, such as the consistency of student answers errors, which is easily observed (Treagust, 
1988), and the suitability between the student's answer choices and the reason is easy to know (Diani et al., 2019). 

To reduce the weakness of the closed polytomous response test, the experts modified the test into an open polytomous 
response test. The open polytomous response test is a form of multiple-choice test that provides a place to write 
arguments for the answer choices (Retnawati, 2014). The studies on the open polytomous response test that have been 
carried out are test on calculus material in universities (Yang et al., 2017) and test on mathematics material in senior 
schools (Ayanwale, 2021) and junior schools (Falani et al., 2020). These studies developed open polytomous response 
tests for students in college and senior or junior school. Students in college and senior or junior school learn 
mathematics as a primary subject, while students in vocational schools learn mathematics as a secondary subject 
(Oktaria, 2016). In addition, students in vocational schools are more oriented towards practical abilities and skills, in 
contrast to students in college or high school who are more academically oriented, including in Indonesia 
(Permendikbud, 2016). 

Currently, the Indonesian government expects that vocational schools is not academically left behind especially in 
mathematics. The government's commitment is to improve the method of assessing student learning in vocational 
school, and the current assessment method is using polytomus test. Often, students pay less attention during math 
exams for several reasons, such as considering mathematics as an unimportant subject (Putri et al., 2017), mathematics 
as a complicated subject (Vani et al., 2019), and mathematics as a boring subject (Ikmawati, 2020). Therefore, the 
students tend to answer the test by guessing. To avoid the tendencies, it is necessary to develop a polytomus response 
test (closed or open). By considering the disadvantages of the closed polytomous response test, it is reasonable to 
conduct research by developing open polytomous response test for students in vocational schools. 

The test instrument developed must be reliable as a good test, and therefore it is necessary to analyze the quality of test 
items (Rosidin, 2017). There are two theories for analyzing the item quality, namely classical and modern. Classical 
theory is a measurement theory for assessing test based on the assumption of measurement errors between actual 
results and observations, and from the assumption, a formula for calculating the level of difficulty and item 
discrimination was developed (Hambleton & Jones, 1993). The modern theory is a measurement theory to assess 
students' abilities by comparing students' abilities with their group abilities, and it is known as Item Response 
Theory/IRT (Hambleton & Linden, 1982). Classical theory is widely used by teachers because it is easy to apply. 
However, this classical theory has a weakness, namely, it cannot separate the characteristics of students and items. The 
modern theory is a solution to overcome the weaknesses of the classical theory because, in the modern theory, an item 
does not affect other items (local independence), items only measure one dimension (unidimensional) (Anisa, 2013), 
and an item eliminates the relationship between respondents and items (parameter invariance) (Saepuzaman et al., 
2021). Therefore, experts suggest that the test instrument is accountable; the quality of the items must be good 
according to the analysis of classical and modern theory (Retnawati, 2014). 

Therefore, the aim of the research is to develop a good mathematical test instrument using polytomous responses 
according to classical and modern theories in vocational schools. The research problems are stated as follows: (1) Does 
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the open polytomous response test developed have a good category so that it can be used as an assessment instrument 
in vocational schools based on classical and modern theory? and (2) Does the open polytomous response test 
instrument developed provide information on students' actual competence in vocational schools? 

Methodology 

Research Design 

This research is a research and development model that refers to Plomp’s (2013) model, with the research procedure 
consisting of five stages: preliminary investigation, design, realization or construction, test phase, revision, and 
implementation (test). 

 

 

 

 

 

Figure 2. Stages of Research Design 

The preliminary investigation stage is to identify the current assessment instruments used by teachers. The design 
stage is to make the open polytomous response test grid according to the basic competencies of mathematical concepts 
and to make a quality assessment questionnaire sheet. The realization/construction stage is developing the items test 
validated by an expert process for the items test. The revision stage is the improvement of items on the test based on 
expert advice. The implementation (testing) stage is to try out the test on students and to analyze the results of the test. 

Research Subject 

The subjects of the study were students of vocational schools situated in the province of Lampung, Indonesia. The 
research sample was determined using a non-probability sampling technique in the form of accidental sampling, which 
means taking a subject based on a subject that is easy to find and ready to be a respondent (Malhotra, 2006). The 
selected schools were three schools as representatives, namely the Mitra Bhakti vocational school, the Praja Utama 
vocational school, and the Ma'arif NU vocational school. The research subjects were 413 students in grade I (male 
students = 191, and female students = 222), whose mathematical abilities on the National Exam (NE) were categorized 
as moderate (average 64.67 out of the ideal score of 100). The following are the characteristics of the research subjects 
in detail shown in Table 1. 

Table 1. Research Subjects 

Vocational Schools Grade 
The Number of Students 

Average of NE 
Total Male  Female 

Mitra Bhakti 
I-A 13 5 8 64.24 
I-B 23 10 13 62.4 
I-C 29 9 20 65 

Praja Utama 

I-A 40 40 0 64 
I-B 39 39 0 64.62 
I-C 43 15 28 68.72 
I-D 38 15 23 67.9 
I-E 41 14 27 67.56 
I-F 40 17 23 63.38 
I-G 40 8 23 67.74 

Ma’arif NU 
I-A 31 14 17 62.1 
I-B 36 5 51 58.34 

Total 413 191 222  64.67 

Data Collection Techniques 

Data were collected using a questionnaire and a test. The questionnaire contains several questions to the teacher about 
the instrument for assessment used by the teacher and also expert validity of the instrument developed to determine 
content validity (Suhaini et al., 2021). The instrument was validated by two raters who have expertise in mathematics 
and educational evaluation. The three aspects assessed by the expert were the suitability of the items with the 

Realization/construction Design Preliminary investigation 

Implementation (Test) Revision 
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indicators, language, and alternative answers to the questions. The score validating the instrument follows the criteria 
as in Table 2 below. 

Table 2. Content Validity Score 

Description Score 
Irrelevant 1 
Quite relevant 2 
Relevant 3 
Very relevant 4 

After determining the content validity, the instrument was tested to students. Then, it was continued by determining 
the validity of the construct and its reliability to ensure that the instrument could be further analyzed. 

The instrument used was the open polytomous response test, which consisted of 40 questions on the concepts of 
sequences and series (arithmetic and geometry), quadratic equations and functions, and matrices. Each item contained 
five answer choices along with the reasons. Student scores are referred to the polytomous score in the Partial Credit 
Model, where answer choices and reasons were related (Retnawati, 2014), as shown in Table 3 below. 

Table 3. Scores for Student Answers 

Student Answers 
Score 

Answer Options Reason 
False False 1 
False Right 2 
Right False 3 
Right Right 4 

Data Analysis 

The collected data were analyzed in two stages: (1) questionnaire data analysis (qualitative analysis) and (2) test data 
analysis (empirical analysis). The following is an explanation of each data analysis: 

1. Questionnaire data analysis (qualitative analysis) 

There are two sets of questionnaire data namely, identification of assessment instruments in schools and expert 
assessment of the assessment instruments developed. The results of the two questionnaires were analyzed 
descriptively. Specifically for expert judgment, it was continued with an analysis of expert agreement that used the 
Gregory index formula (Gregory, 2015), namely: 

 V = 
𝐷

𝐴+𝐵+𝐶+𝐷
 

Description: 

 V = Content Validity 

 A = Rater 1 and 2 are weak 

 B = Rater 1 is strong, and rater 2 is weak 

 C = Rater 1 is weak, and rater 2 is strong 

        D = Rater 1 and 2 are strong 

The interpretation of Gregory's formula is that the number V is in the range of 0 to 1. The higher the number V (close to 
1 or equal to 1), the higher the value of the validity of an item. Conversely, the lower the number V (close to 0 or equal 
to 0), the lower the validity of an item. 

2. Test data analysis (empirical analysis) 

After conducting the content validity test, the researchers conducted the construct validity and reliability test. The 
construct validation test used exploratory factor analysis. The instrument is considered to having good construct if the 
explained Kaiser-Meyer-Olkin (KMO) value is greater than 0.5 (Retnawati, 2014). Reliability test using Cronbach's 
alpha formula. The instrument is said to have good reliability if the coefficient value of Cronbach's alpha is 0.60 
(Arikunto, 2012). If the instrument has good construct validation, further test can be analyzed, namely the level of 
difficulty and item discrimination. The reason for analyzing the level of difficulty and item discrimination is that they 
are both preliminary analyses of the assumptions of measurement theory (Hambleton & Jones, 1993). To simplify the 
process of analyzing the level of difficulty and item discrimination, the Iteman program was used for classical theory 
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and the Winsteps program for modern theory (Sarea & Ruslan, 2019). The Winsteps program was used because it had 
several advantages; namely, it can analyze polytomous data and calculate the maximum likelihood model using a 1-
parameter logistic model (Untary et al., 2020). 

2.1  Analysis of  test  data with classical theory 

a. The item difficulty level is the percentage of the number of students who answered correctly or incorrectly. If 
the item has an index of 0.3-0.7, then the item is good; if the item has an index below 0.3, then the item is 
difficult; and if the item has an index above 0.7, then the item is easy. 

b. Discrimination is the ability of a test to distinguish between high-ability students and low-ability students. 
Discrimination is said to be good if it has an index above 0.3, and if the discrimination index is below 0.3, then 
the question needs to be revised (Arikunto, 2012). 

2.2 Analysis of test  data with modern theory 

a. The item difficulty level is the level of the student's latent trait towards the item. The difficulty of the items 
determines the ability of about 50% of the respondents who are expected to answer items correctly (DeMars, 
2010). An item is said to be good if it has an index of between -2 and +2 (Hambleton & Swaminathan, 1985). If 
the index is close to -2, then the item is classified as very easy, and if the index is close to +2, the item is 
classified as very difficult (Retnawati, 2014). In the Winsteps program, the item difficulty level is in the 
Measure column. 

b. Item discrimination is indicated by the slope of the curve on the item characteristics. The item is said to have 
good discrimination if the slope of the curve is moderate (not too gentle or steep) because if the slope of the 
curve is too gentle or steep, then the item is not good. Another opinion states that a good index is above 0.4 
(Crocker & Algina, 1986). In the Winsteps program, the item discrimination is in the Pt-Measure Correlation 
column. 

According to modern theory, before analyzing the item difficulty level and discrimination, three assumptions must be 
tested, namely unidimensionality, local independence, and model fit (Hambleton et al., 1991). Unidimensional means 
that each test item only measures one ability. There are three ways that are often used to test unidimensionality, 
namely the analysis of the Eigenvalue of the correlation matrix between items, the Stout-test on the unidimensional 
assumption test, and the index based on the residuals of the unidimensional solution (DeMars, 2010). In this study, the 
dimensional test used the Eigenvalue analysis of the correlation matrix between items. 

Local independence is the state of the respondent's answer to an item that is not influenced by other items. Local 
independence test by proving that the probability of the respondent's answer pattern is the same as the probability of 
the respondent's answer to each item. If the unidimensional assumption is accepted, the local independence 
assumption will also be accepted (DeMars, 2010). Use the Model Fit Test to find out whether the model used is in 
accordance with the items. Test the fit of the model by measuring the outfit mean square (MNSQ) and PT-Measure. If 
the outfit’s MNSQ value is 0.5 to 1.5 and the Pt-Measure Correlation is positive, it is said that the item fits the model 
(Linacre, 2012). In addition, the information function and standard error measurement (SEM) are analyzed, which aims 
to further explain the latent ability as measured by using a test that is expressed through item donations. 

Findings/Results 

Analysis of Questionnaire Data 

Based on the results of the questionnaire, it was found that the teacher had never used the polytomous response. As 
many as 80% of teachers used essay tests and 20% of teachers used multiple-choice tests, with each instrument 
consisting of 2-5 items. In addition, about 10% of teachers used this assessment as a means for learning improvement, 
such as improving lesson plans and teaching methods. The results of the questionnaire stated that 90% of teachers who 
did not use assessment as an improvement in learning were caused by several aspects, such as teachers did not 
understand assessment (20%), teachers did not know how to analyze assessments (50%), and teachers did not know 
how to develop good assessment questions (30%). The following is the summary of the questionnaire from the 
identification data. 
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Figure 3. Description of Teacher Conditions in Assessment 

Content Validity 

The results of the two expert assessments showed that the content validation instrument is good. Furthermore, the 
analysis of expert judgment agreement was obtained as shown in Table 4 below. 

Table 4. The Gregory Item Index 

 Rater 1 
Weak strong 

Rater 2 
weak 0 0 
strong 0 40 

Index Gregory 1 

Based on the results of the assessment in Table 4, it can be concluded that the instrument is valid because the value of V 
reaches a value of 1. Therefore, the instrument test can be continued. In addition to providing assessments, the experts 
also provided some suggestions for improvements to the instrument, namely the preparation of questions using the 
ABCD format (Audience, Behavior, Competence, and Degree), avoiding the use of ambiguous language or statements, 
improving mathematical concepts, making alternative answer choices that are misleading, and arranging them in order. 

Analysis of Test Data 

Construct Validity 

After testing the instrument, it was followed by a construct validity test. The results of the test with exploratory factor 
analysis are shown in Table 5. 

Table 5. Exploratory Factor Analysis 

KMO and Bartlett's Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
Bartlett's Test of Sphericity Approx. Chi-Square 1936.378 

Df 780 
Sig. .000 

Based on Table 5, the explained KMO value is 0.76 (more than 0.5), and it can be concluded that the variables and 
samples used to allow for further analysis. 

Reliability 

The results of the estimation of the reliability of the instrument obtained a Cronbach's alpha coefficient value is 0.89 
(more than 0.6). It means that the instrument has good reliability so that the analysis of the level of difficulty and item 
discrimination can be continued according to classical and modern methods. 

Table 6. Reliability of Items 

Cronbach’s Alpha N of Items 
0.892 40 

 

  

80%
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not
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Analysis of Test Data with Classical Theory 

Analysis of test data in the classical way did not require testing assumptions, but the analysis of the difficulty level of 
the items and the distinguishing power of items could be directly calculated if the validity and reliability have been met. 
The results of the two analyses are presented in Table 7 below. 

Table 7. The Item Difficulty Level and Discrimination 

Item Difficulty 
Level 

Category Discrimi
nation 

Category Item Difficulty 
Level 

Category Discrimi
nation 

Category 

1 0.538 Good 0.196 Revised 21 0.482 Good 0.143 Revised 
2 0.487 Good 0.179 Revised 22 0.535 Good 0.429 Good 
3 0.528 Good 0.214 Revised 23 0.492 Good 0.250 Revised 
4 0.540 Good 0.304 Good 24 0.438 Good -0.071 Revised 
5 0.489 Good 0.089 Revised 25 0.436 Good -0.107 Revised 
6 0.446 Good -0.161 Revised 26 0.385 Good -0.286 Revised 
7 0.438 Good -0.232 Revised 27 0.383 Good -0.321 Revised 
8 0.453 Good -0.143 Revised 28 0.416 Good -0.143 Revised 
9 0.414 Good -0.143 Revised 29 0.458 Good -0.125 Revised 

10 0.409 Good -0.339 Revised 30 0.385 Good -0.375 Revised 
11 0.438 Good -0.143 Revised 31 0.404 Good -0.321 Revised 
12 0.436 Good -0.036 Revised 32 0.433 Good -0.250 Revised 
13 0.400 Good -0.321 Revised 33 0.441 Good 0,036 Revised 
14 0.450 Good -0.036 Revised 34 0.424 Good -0.268 Revised 
15 0.462 Good 0.250 Revised 35 0.412 Good -0.321 Revised 
16 0.453 Good -0.089 Revised 36 0.431 Good -0.304 Revised 
17 0.416 Good -0.143 Revised 37 0.404 Good -0.232 Revised 
18 0.419 Good -0.196 Revised 38 0.363 Good -0.482 Revised 
19 0.431 Good -0.232 Revised 39 0.230 Good -0.929 Revised 
20 0.441 Good -0.089 Revised 40 0.211 Good -1.071 Revised 

Based on Table 7, it was found that all items have an item difficulty level in the index range of 0.3 to 0.7, so they are 
categorized in the good category. Meanwhile, only two items on discrimination had good categories, and the remaining 
items needed to be revised. The results indicated that all items were good based on the level of difficulty, but almost all 
items needed to be revised for item discrimination. 

Analysis of Test Data with Modern Theory 

The Unidimensional Assumption Test 

The unidimensional assumption test is the first assumption test with factor analysis. Factor analysis begins by testing 
the adequacy of the sample to be used in the analysis, constructing a variance-covariance matrix, and then calculating 
the Eigenvalue. The Eigenvalue was then used to calculate the percentage of explained variance, as well as to describe 
the scree plot (Retnawati, 2014). The output of factor analysis was the Kaiser-Meyer-Olkin Measure of Sampling 
Adequacy (KMO) statistic and scree plot. 

Table 8. The KMO Test 

KMO Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
 Sig. .000 

The unidimensional test is seen based on the cumulative percentage of Eigenvalue and scree plot analysis results. If the 
cumulative percentage of the first-factor Eigenvalue is greater than 20%, then the unidimensional assumption is 
fulfilled (Retnawati, 2014). In Table 9, it can be seen that the cumulative percentage of the first-factor Eigenvalue is 
20.220%. Because the Eigenvalue is more than 20%, this instrument is proven to only measure one factor or 
dimension. 

Table 9. Total Variance Explained 

Component 
Initial Eigenvalue 

Total Variance (%) Cumulative (%) 
1 8.088 20.220 20.220 
2 1.458 3.646 23.865 
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In addition, the unidimensional test can also be seen on the scree plot, which is based on the number of factors marked 
by the steepness of the graph with the acquisition of  Eigenvalue. 

 

Figure 4. Scree Plot Unidimensional 

Based on the scree plot, it is known that the Eigenvalue immediately slope on the second factor. It demonstrates that 
the developed instrument has only one dominant factor. The results prove that the test kit meets the unidimensional 
assumption, or in other words, only measures one dominant factor. 

Local Independence Assumption Test 

The local independence assumption test will be fulfilled if the student's answer to one item does not affect the student's 
answer to another item. Thus, the score of one item should not be determined or dependent on the scores of other 
items. This confirms that this assumption automatically proves that students' answers do not affect answers to other 
items (Retnawati, 2014). 

Table 10. The Covariance Matrix. 

 K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 
K1 0.0486          
K2 0.012 0.0042         
K3 0.0105 0.0034 0.0032        
K4 0.0317 0.0106 0.0093 0.0293       
K5 0.01 0.0032 0.0029 0.0085 0.0028      
K6 0.0069 0.0023 0.0021 0.0062 0.002 0.0016     
K7 0.0036 0.0011 0.0009 0.0028 0.0009 0.0007 0.0004    
K8 0.0041 0.0015 0.0012 0.0037 0.0011 0.0008 0.0004 0.0006   
K9 0.0074 0.0024 0.0022 0.0065 0.002 0.0015 0.0007 0.0009 0.0017  

K10 0.021 0.0061 0.0054 0.0148 0.0051 0.0039 0.0017 0.0025 0.0043 0.0196 

Table 10 shows the results of the variance-covariance values between groups of students' abilities. In the table, it can 
be seen that the covariance value between the ability interval groups located on the diagonal is small and close to zero. 
This result shows that there is no correlation, so it can be said that the local independence assumption test is accepted. 

Model Fit 

The model fit test was analyzed using the Winsteps program. The item requirements are called "fit to the model."If the 
Outfit MNSQ value is 0.5 to 1.5 and the Outfit ZSTD value is -2 to 2, and the Pt-Measure Correlation is positive, then it 
can be said that the item fits the model (Sumintono & Widhiarso, 2015). An item is considered fit if one of the 
conditions is accepted. In addition, it can also be seen from the MNSQ infit of 0.77 to 1.3, but at this stage, the fit of the 
model is only taken on the MNSQ and Pt-Measure outfit values. Based on the results of the analysis, all items matched 
the model or fit (Figure 5). 
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Figure 5. Item Fit on Model 

The Item Difficulty Level 

The item difficulty level was analyzed using the Winsteps program, and the results obtained were presented in Table 12 
(Measure column). The item difficulty level is in the range of -0.70 to 0.84. From Table 12, the highest difficulty level is 
item 40 (difficulty level 0.84), and the lowest difficulty level is item 1 (difficulty level -0.70). Since the difficulty level is 
in the range of 2 and 2, it can be concluded that all items are in the good category. If further divided into three 
categories, the difficulty level of items in the range of -0.7 to 0.84 is moderate (Sumintono & Widhiarso, 2015). It can 
also be seen on the difficult map items, namely that the difficulty level is in the range of -2 and 2. 

 

Figure 6. Item Difficulty Level 
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Figure 7. Item Difficulty Map 

The Item Discrimination 

The item discrimination analysis used the Winsteps program, and the results are presented in Figure 8 (PT-Measure 
Correlation column). Item discrimination is in the range of 0.23 to 0.74, with details of 27 items having an index above 
0.4 (good category), and 13 items having an index below 0.4 (bad category). However, the 13 items can be used as an 
instrument as long as the index is above 0 (Alagumalai et al., 2005). 

 

Figure 8. Item Discrimination 
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Comparative Analysis Between Classical and Modern Theory 

The results of the analysis of classical and modern theories obtained the index of difficulty level and item 
discrimination as follows. 

Table 11. Comparison of Classical and Modern Theories 

Parameter 
Classical Theory Modern Theory 

Many Items with 
Good Categories 

Percentage Many Items with 
Good Categories 

Percentage 

Difficulty level 40 100 40 100 
Item discrimination 2 0.05 27 67.5 

Based on Table 11, the level of item difficulty analyzed by classical and modern theory has the same results (good 
category). However, item discrimination using modern theory has more items in the good category than classical 
theory. If we compare the index of discriminatory items between classical (Table 7) and modern (Figures 6 and 8), it 
can be seen that there is a match between the categories of item discrimination. It means that if item discrimination is 
not good with the classical theory, then item discrimination is also not good with the modern theory (13 items 
correspond to the item discrimination index, and 27 do not match). 

Information and Measurement Error (SEM) Function 

The function of information to reveal latent ability was measured by using a test that was expressed through item 
donation. The test information function is also the sum of the functions of each item. The information function is 
inversely proportional to measurement error, or standard error measurement (SEM). The value of the information 
function of the test device will be high if the items that make up the test have a high information function. The following 
is a picture of the curve of the relationship between the information function and SEM. 

 

Figure 9. Graph of Information Function and Measurement Error 

Figure 9 shows that this instrument provides information of 22.36 (maximum) and has a measurement error of 0.21 
(smallest) for medium-ability students. The lower and upper limits of the interval are the ability scores where the 
graph of the information function and the SEM graph intersect at that interval. This graph states that the greater the 
value of the information function, the smaller the measurement error (SEM), and the item information function 
expresses the strength or contribution of the test items in revealing the latent trait as measured by the test. This 
information function provides a description of the item according to the model (which helps with item selection) 
(Retnawati, 2014). These results conclude that this test instrument is suitable for students with medium abilities. 

Based on the test results, it can also be seen that the actual competency information of students in the vocational school 
was based on the test answers. Instrument analysis is based on two patterns of student answers that have the same 
tendency based on Bloom's Taxonomy (Bloom, 1956). A total of six student answers were selected as samples with 
different abilities (high, medium, and low). 

Item 1: The cognitive domain to be achieved is C2 (Understanding). Based on students' answers, the two dominant 
patterns of student answers are: (1) students have understood the general form of arithmetic sequences and know the 
first term and other terms, and (2) students have not been able to formulate general forms in arithmetic sequences and 
perform algebraic operations on general forms arithmetic sequence. 
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 Question 1: Pattern 1: Pattern 2: 

 

  

Figure 10. An ExampleofStudent Answers in Item 1 

Item 2: The cognitive domain to be achieved is C2 (understanding). Based on students' answers, the two dominant 
patterns of student answers are (1) being able to understand the number of terms in a sequence by using the general 
formula for an arithmetic sequence, or determining the number of arithmetic sequences without using a general 
formula (only writing down all the terms from the first term until the last term) and (2) students who can already use 
the general formula for arithmetic sequences but have not been able to determine the number of arithmetic sequences 
because of errors in performing algebraic operations on general arithmetic sequences. 

Question2: Pattern 1 Pattern 2 

 
  

Figure 11. An ExampleofStudent Answers in Item 2 

Item 3: The cognitive domain to be achieved is C3 (applying). Based on students' answers, the two dominant patterns 
of student answers are: (1) students have understood and determined the difference between two non-adjacent 
arithmetic sequences using the general formula for arithmetic sequences, and (2) other students can determine the 
number of arithmetic sequences even though they are not using a general formula or by writing the terms of the known 
terms and inserting several terms. 

Question 3: Pattern 1 Pattern 2 

 

 

 

 

Figure 12. An Exampleof Student Answers in Item 3 

Item 4: The cognitive domain to be achieved is C3 (applying). Based on students' answers, the two dominant patterns 
of student answers are: (1) students have understood and can determine the nth term in an arithmetic sequence that is 
known to be two non-adjacent terms using the general formula for arithmetic sequences, and (2) students cannot 
determine the number of arithmetic sequences because it does not use a general formula but by writing the terms of 
the known terms and inserting several terms and continuing until the nth term. 
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Question 4: Pattern 1 Pattern 2 

 

  

Figure 13. An Example of Student Answers in Item 4 

Item 5: The cognitive domain to be achieved is C1 (remembering). Based on students' answers, the two dominant 
patterns of student answers are: (1) students have understood and determined the middle term of an arithmetic 
sequence, and (2) students can determine the middle term of an arithmetic sequence but do not use general formulas, 
but rather by writing the terms from known terms and inserting several terms and then defining them. 

Question 5: Answer Pattern 1 Answer Pattern 2 

 
 

 

Figure 14. An Example of Student Answers in Item 5 

Description of Instrument Development and Student Ability 

The instrument developed from this research is the open polytomous response test, and all parameters have been 
accepted. This instrument is a combination of a multiple-choice test and an essay. Multiple choice test is easier to check 
students' answers, but their mathematical thinking processes cannot be known in depth. While the essay test has the 
advantage of being able to find deeper mathematical thinking processes, it takes a long time to check the answers. 

Analysis of learning instruments is an important source of composite scores in the final report. In the final report, the 
student's ability score was first changed to a score of 0–10 (previously 0–100). The conversion is done through a linear 
transformation by dividing the student's score by the ideal score. Then, the result is multiplied by 10 to get a value 
range of 0–10 or multiplied by 100 to get a value range of 0–100. In the range of 0–10, the scores of students' 
mathematical ability were 8.56 (highest) and 4.31 (lowest), or in the range of 0–100, students' math ability scores were 
85.6 (highest) and 43.1 (lowest). 

The results of the analysis of student abilities are presented in the form of predicates ranging from very low to very 
high according to the specified category. The results of this analysis show that most students have very low to medium 
abilities, as much as 62% (253 students), and the remaining 38% (160 students) have high and very high abilities. 
Other analysis results found that high and very high-ability students tend to work according to concepts with more 
creative completion steps (different from the teacher's example), but students who have very low to medium abilities 
can solve problems according to concepts with less creative completion steps (e.g., routine or according to the teacher's 
example). 

Other results show that the assessment with an open response polytomus makes it easier for teachers to explore 
students' difficulties with a material. Then, from this exploration, the teacher can continue with improvements for 
students who have learning difficulties. An important finding of this study is that information about students' learning 
difficulties through the open polytomus response test is more secondhand and complete than other assessment 
instruments, such as multiple-choice tests (Gierl et al., 2017) or essay tests (Putri et al., 2020). 

Discussion 

This research is development research aimed at developing a good mathematical assessment instrument using 
polytomous responses according to classical and modern theories. The results of the data analysis found that there 
were differences in the results of the analysis between classical theory and modern theory, namely on item 



1454SUTIARSO ET AL./ Developing Assessment Instrument Using Polytomous 
 

discrimination. Classical theory analysis obtained 38 items with bad criteria and only 2 items with good criteria. In 
contrast, modern theory analysis obtained 27 items with good criteria and 13 items with bad criteria. According to 
evaluation theory, modern theory aims to cover the weaknesses of classical theory. The results of the classical theory 
analysis are often categorized as poor, but modern analysis results are categorized as good, and vice versa (Retnawati, 
2014). That is, an item that is not in a good category with classical theory should be analyzed according to the modern 
theory before revising or replacing the item. 

Research on learning assessment with open response polytomous was carried out by Yang et al. (2017). This research 
aims to diagnose student errors in completing calculus material at university. The instrument compares two types of 
test namely the two-tier test and the open polytomous response test. The research findings suggest that the open 
polytomous response test provides more detailed information on student error than the two-level test (see Figure 15). 
The research findings are in line with the results of this study, which states that the open polytomous response test 
provides more detailed information about students' abilities. 

  

Figure 15. An Example of Student Answers on The Two-Tier Test and The Open Polytomous 

Response Test 

Another study on learning assessment with open response polychromous was conducted by Ayanwale (2021). 
Ayanwale's research compares two polytomous response test analysis methods namely the Parallel and Partial Credit 
Model. The results of his research stated that the Partial Credit Model analysis had a first factor Eigenvalue of 20.5% 
(ideal Eigenvalue of more than 20%) compared to the Parallel analysis, which had the first factor Eigenvalue of 11.7%. 
The results of Ayanwale's research are in line with this study, which obtained the first factor Eigenvalue of 20.220%, 
and the author can state that the instrument developed is suitable to be used to assess vocational students in Indonesia, 
maybe even outside Indonesia. 

Other studies related to classical and modern theory were conducted by Sarea (2018) and Saepuzaman et al. (2021). 
Sarea's research states that the response polytomous test has good criteria (classical and modern theory), and the 
classical theory analysis has more items than modern theory. Meanwhile, Saepuzaman's research found that the 
response polytomous test had good criteria (classical and modern theory), and the modern theory analysis had more 
items than classical theory. 

The results of the analysis of student answers obtained information that there were two patterns of students' solving 
questions: (1) formulas and (2) trial and error. Students who use formula patterns in solving problems tend to be 
carried out by high-ability students, and students who use trial and error patterns tend to be carried out by students 
with medium and low abilities. Students who use both patterns can answer the questions correctly as shown in Figure 
16 below. 
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(i) 

 

 

(ii) 

Figure 16. An Example of Student Answer Patterns with (i) Formulas, (ii) Trial and Error 

Both patterns of solving math problems are common ways. This is in line with the opinion of Mason et al. (2010) that 
there are several ways that can be used in solving math problems, namely trial and error, using a drawing or model, 
analogy, and formula. Syahlan (2017) states that two ways that students often use to solve math problems are (1) trial 
and error and (2) formulas. Usually, students use trial and error methods to solve easy problems and formulas methods 
to solve difficult questions. If combined with student answers and Syahlan's opinion, students with medium and low 
abilities in solving easy questions will use trial and error methods, and students with high abilities in solving difficult 
questions will use formulas. 

The results of these student answers can be important information for teachers in teaching mathematics. This means 
that before teaching material, the teacher must know the students' initial abilities (high, medium, or low) and the level 
of difficulty of the material. Some of the benefits for teachers who know students' initial abilities are: teachers can 
develop professionally centered on students  (Gonzalez, 2018), teachers can adjust the level of cognitive and increase 
student learning engagement (Dong et al., 2020), assist teachers in designing pedagogical practices and correcting 
students' misconceptions (Geofrey, 2021).In addition, the benefit for teachers who know the level of difficulty of a 
material is that they can design remedial learning plans (Muhson et al., 2017; Wulanningtyas et al., 2020).The 
description above shows that there are many benefits that the teacher will get if the teacher knows the students' actual 
abilities, and this can be known by the teacher if the teacher uses the open polytomus response test. 

Conclusion 

Based on the results of the research and discussion, it can be concluded that (1) the open polytomous response test has 
a good category according to classical and modern theory. Thus, the test instrument requirements are accountable 
(qualifies for a good test) is a good test instrument according to the analysis of the two theories (classical and modern 
theory), and (2) the open polytomous response test can provide information on the actual competence of students; this 
is observed in the students' arguments in giving reasons for their choices. This is observed in the students' arguments 
when giving reasons for their choices. Therefore, the open polytomous response test can be used as an alternative to 
learning assessment. 

Recommendation 

Based on the research results, there are several recommendations for teachers, schools, and other researchers. For 
teachers, they should familiarize students with giving a test in the form of a polytomous response before giving the test. 
In schools, principals or other leaders should encourage other teachers to take advantage of this test and develop other 
assessment instruments. For other researchers, they should conduct research by developing instruments with other 
polytomous responses (assessment of learning and assessment as learning) on other materials. In addition, for further 
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research, it is suggested to conduct a study that develops an assessment instrument with a learning response 
polytomous (pretest). This is important so that students' prior knowledge can be known and learning can be effective. 

Limitations 

The research carried out has several limitations. Firstly, the selected schools have not met the researchers' 
expectations, for example, representing schools of high, medium, and low quality. In addition, during the collection of 
research data that begins with learning, it is not fully controlled by the researcher, so the students who are the research 
samples are less conditioned. The research is only limited to algebraic materials (sequences and series, matrices, 
equations, and quadratic functions), and does not represent other mathematical materials, such as geometry and 
statistics. 

Authorship Contribution Statement  

Sutiarso: Conceptualization, design, development of instruments, analysis, article writing, final approval. Rosidin: 
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Appendix 

Instrument of the Open Polytomous Response Test 

Name of Student : ………………………………. 

Class/Department : ………………………………. 

School    : ………………………………. 

 

Instructions:Mark (x) one of the correct answer choices, and give the reason  

(use another piece of paper to write down your reason) 

 

1. Given an arithmetic sequence: 3, 8, 13, 18, 
....  The formula for the nth term of the 
sequence is .... 
A. Un = 5n – 3           C. Un = 4n – 1 
B. Un = 5n – 2           D. Un = 3n + 2 
C. Un = 4n – 1 
 
Reason: ..................................................... 
 

2. Given an arithmetic sequence: 2, 5, 8, 11, …,   
68.  The number of terms in the sequence is… 

A. 12                 D.  23 
B. 13                 E.  24 
C. 22 
 
Reason: ...................................................... 

3. An arithmetic sequence, the 5th term is 31 
and the 8th term is 46. The difference 
between the sequences is... 
A. 5                D.  8 
B. 6                E.  11 
C. 7 
 

        Reason: ...................................................... 
 

4. The 4th and 9th terms of an arithmetic 
sequence are 110 and 150. The 30th terms of 
the arithmetic sequence are... 

A. 308              D.  344 
B. 318              E.  354 
C. 326 

 
     Reason: .............................................................. 

5. An arithmetic sequence is: 3, 8, 13, 18, …, 
103. Then the middle term of the sequence 
is … 
A. 53              D.  11  
B. 52              E.  10 
C. 20 
D. 11 
E. 10 
 

        Reason: ....................................................... 
 

6. Given the arithmetic sequence: 4, 10, 16, 22, 
….  If two numbers are inserted in every two 

     consecutive terms then the 10th term of the 
sequence is... 

A. 18                 D.  24 
B. 20                 E.  26 
C. 22 
 

      Reason: ................................................................. 
 

7.   The nth term of an arithmetic series is Un = 
3n – 5. The formula for the sum of the first 
n terms of the series is ... 

A. 𝑆𝑛 =
𝑛

2
(3𝑛 − 7)      D.  𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

B. 𝑆𝑛 =
𝑛

2
(3𝑛 − 5)      E.  𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

C. 𝑆𝑛 =
𝑛

2
(3𝑛 − 4) 

       Reason: ......................................................... 
 

8. The sum of the first n terms of an arithmetic 
series.  Sn = n2 – 19n. The formula for the nth 
term of the Series is...... 

A. 5n – 20             D.  2n – 20 
B. 5n – 10             E.  2n – 10 
C. 2n – 30 
 

       Reason: .................................................................. 
 

9. The sum of all integers between 100 and 300 
which are divisible by 5 is ... 
A. 8.200                 D.  7.600 
B. 8.000                 E.  7.400 
C. 7.800 
 
Reason: ........................................................ 
 

10. PT. Angkasa Jaya in the first year produced 
5,000 units. In the second year, production 
was reduced by 80 units per year. In what 
year did the company produce 3,000 units? 
A. 24                D.  27 
B. 25                E.  28 
C. 26 
 
Reason: ............................................................... 
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11. The middle term of an arithmetic sequence 
is 25.  If the difference is 4 and the 5th term 
is 21.  Then the sum of all the terms in the 
sequence is ... 
A. 175                   D.  295 
B. 189                   E.  375 
C. 275 
 
Reason: ........................................................ 
 

12. A number of candies are distributed among 
five children according to the rules of an 
arithmetic sequence. The younger the child, 
the more candy he gets. If the second child 
receives 11 pieces of candy and the fourth 
child 19 pieces, then the total number of 
candies is... pieces 
A. 60                    D.  75 
B. 65                    E.  80 
C. 70  
 
Reason: ................................................................. 

 
13.  The sum of the first n terms of a series is   

2n2-n.  So the 12th term of the series is... 
A. 564                   D.  45 
B. 276                   E.  36 
C. 48 
 
Reason: ................................................................... 
 

14.  The number of terms in the geometric  
sequence:  3, 6, 12, ..., 3072 is ... 
A. 9                      D.  12 
B. 10                    E.  13 
C. 11 

 
       Reason: ................................................................... 
 

15. A geometric sequence has the 2nd term is 
8, and the 5th term is 64. The 7th term of 
the sequence is ... 
A. 32                      D.  256 
B. 64                      E.  512 
C. 128 
 
Reason: ................................................................... 
 

16. The value of the middle term of the 
geometric sequence:  
6, 3, …, 3/512  is … 

         A.  
1

16
                    D.  

4

16
 

 B.  
2

16
                    E.  

5

16
 

 C.  
3

16
 

Reason: ............................................... 
 

17. A piece of wire is cut with the first piece 
being 8 cm, and the next piece 1.5 times the 
previous cut. Then the 5th piece is... cm 
A. 18                      D.  35 
B. 24                      E.  40,5 
C. 27,5 
 
Reason: .................................................................... 

 

18. The sum of an infinite geometric series is 12 
and the first term is 9. The ratio is ... 

A. 
3

4
                        D. −

1

2
 

B. 
1

4
                        E. −

3

4
 

C. 
1

3
 

 
     Reason: .................................................................. 
 

19.  A ball falls from a height of 10 m and 
bounces back 3/4 times its previous height. 
The total number of paths until the ball 
stops is.... m 
A. 60                      D. 90 
B. 70                      E. 100  
C. 80  

 
        Reason: ........................................................ 

 

20. Given  [
4 8 5
6 3 1

] = [
2𝑎 𝑏 + 𝑎 5
6 3 1

].  

 
The value of 3a + b is ... 
A. 8                       D. 14 
B. 10                    E. 20 
C. 12 

 
        Reason: ......................................................... 

21. Given 𝐾 = [
𝑎 2 3
5 4 𝑏
8 3𝑐 11

]  and  

𝐿 = [
6 2 3
5 4 2𝑎
8 4𝑏 11

].   If K = L, then c is ... 

A. 12                      D. 15 
B. 13                      E. 16 
C. 14 

 
Reason: ................................................................ 

22. Given  𝐴 = [
1 2
3 4

] , 𝐵 = [
2 3
0 1

], 

 𝐶 = [
5 2

−1 0
].  Then (A + C) – (A + B) is ... 

 A.  [
5 4
5 4

]                     D.  [
3 −1

−1 −1
] 

 B.  [
4 7
2 5

]                     E.  [
7 −1
1 −1

] 

         D.  [
4 0

−4 −4
] 

 
Reason: ..................................................................... 
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23. Given matrix 𝑃 = [
1 3 1
2 4 5
0 7 6

], then (𝑃𝑡)𝑡    

is  ... 

𝐴. [
1 2 0
3 3 7
1 5 6

]                D. [
0 7 6
2 4 5
1 3 1

] 

𝐵. [
1 3 1
3 3 7
1 5 6

]                E. [
0 7 6
2 4 5
1 3 1

] 

𝐶. [
1 3 1
2 4 5
0 7 6

] 

 
         Reason: ................................................................. 

 

24. Given matrix  𝐴 = [
2𝑥 −5
3 𝑦

], 𝐵 = [
𝑦 2
2 4

], 

and 𝐶 = [
8 −3
5 2𝑥

].  

 
If A + B = C, then x + y = ... 
A. –5                      D. 3  
B. –1                      E. 5 
C. 1 
 
Reason: .......................................................... 
 

25. If 𝐴 = [3 5] and 𝐵 = [
1 4
2 6

], then 2AB is... 

𝐴. [13 42]                  D. [13 84] 
𝐵. [26 84]                  E. [30 36] 
𝐶. [26 42] 

 
        Reason: ................................................................... 

 
 

26. If [
1 −3

−2 4
], 𝐵 = [

−2 0
1 3

],  and 𝐶 =

[
3 −1
1 −2

] then A(B – C) = ... 

 

𝐴. [
−5 −14
10 18

]        D. [
1 −2

−2 2
] 

𝐵. [
−5 −4
10 6

]          E. [
−7 19
−2 20

] 

𝐶. [
1 −16

−2 22
] 

      
        Reason: .......................................................... 
 

27.  Matrix X that satisfies [
1 2
3 4

] 𝑋 = [
4 3
2 1

]  

  is ... 

𝐴. [
−6 −5
5 4

]                 D. [
4 −2

−3 1
] 

𝐵. [
5 −6
4 5

]                    E. [
4 −2

−3 1
] 

𝐶. [
−6 −5
4 5

] 

 
Reason: ............................................................ 
 

28. If matrix 𝐴 = [
3 −𝑥
6 8

] is singular matrix.  

Value of x that satisfies is …. 
 
A. – 5                     D.  3 
B. – 4                     E.  4 
C. – 3 

 
         Reason: ........................................................... 

 

29. Given matrix A = [
0 2 3

−2 0 4
−3 −4 0

] , then 

matrix determinant A is ... 
A. 0                              D.  2 
B. 1                              E.  4 
C. 2 
 
Reason: ................................................................ 

 
 

30. Transpose matrix P is PT. If  P = [
4 7
3 5

] then 

matrix (PT) – 1 is ... 

A. [
−5 7
3 −2

]            D. [
−3 5
4 −7

] 

B. [
3 −4

−5 7
]            E. [

4 −3
−7 5

] 

C. [
−5 3
7 −4

] 

 
Reason: ................................................................... 

31. Given 𝐴 = [
4 3
2 2

]  and  𝐵 = [
5 2
3 1

].  

Inverse matrix (AB) – 1 = ... 
 

A.
1

2
[
−6 11
16 −29

]         D. −
1

2
[

6 11
16 29

] 

B.
1

2
[
29 11
16 6

]             E. −
1

2
[
−6 11
16 −29

] 

C. −
1

2
[
29 11
16 6

] 

 
Reason: ............................................................... 

32. The roots of the quadratic equation 3 and  
– 4 are ... 
A. 𝑥2 + 𝑥 − 12 = 0 
B. 𝑥2 − 𝑥 − 12 = 0 
C. 𝑥2 − 𝑥 + 12 = 0 
D. 𝑥2 − 3𝑥 + 4 = 0 
E. 𝑥2 − 4𝑥 + 3 = 0 
 
Reason: ..................................................................... 
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33. The roots of the quadratic equation 

5𝑥2 + 4𝑥 − 12 = 0 are … 

A. −2 and  
5

6
                D. −2 and −

6

5
 

B. 2 and −
5

6
                E. −2 and  

6

5
 

C. 2 and  
6

5
 

 
        Reason: ................................................................. 
 

34. The roots of the equation 𝑥2 − 2𝑥 − 3 = 0 
are 𝑥1 and  𝑥2.  If 𝑥1 > 𝑥2, then 𝑥1 − 𝑥2is … 
𝐴. −4                        D. 2 
𝐵. −2                        E. 4 
𝐶. 0 

 
        Reason: .......................................................... 

35. The roots of the quadratic equation: 2𝑥2 −
3𝑥 − 9 = 0 are 𝑥1 and 𝑥2. Value of 𝑥1

2 + 𝑥2
2  

is … 

A. 11
1

4
                           D. −6

3

4
 

B. 6
3

4
                            E. −11

1

4
 

𝐶. 2
1

4
 

 
Reason: .............................................................. 
 

36. The roots of the quadratic equation:  
𝑥2 + 2𝑥 + 3 = 0 are α and β. The quadratic 
equation(α – 2) and (β – 2) is … 
a. 𝑥2 + 6𝑥 + 5 = 0 
b. 𝑥2 + 6𝑥 + 7 = 0 
c. 𝑥2 + 6𝑥 + 11 = 0 
d. 𝑥2 − 2𝑥 + 3 = 0 
e. 𝑥2 + 2𝑥 + 11 = 0 
 
Reason: ......................................................... 
 

37. A quadratic function that has a minimum 
value 2 for x = 1 and has a value of 3 for x = 
2 is … 
A. 𝑦 = 𝑥2 − 2𝑥 + 1 
B. 𝑦 = 𝑥2 − 2𝑥 + 3 
C. 𝑦 = 𝑥2 + 2𝑥 − 1 
D. 𝑦 = 𝑥2 + 2𝑥 + 1 
E. 𝑦 = 𝑥2 + 2𝑥 + 3 
 
Reason: ............................................................. 
 

 

38. The figure below is a graph of the quadratic 
equation? … 
𝐴.  𝑦 = 𝑥2 + 2𝑥 + 3 
𝐵.  𝑦 = 𝑥2 − 2𝑥 − 3 
𝐶.  𝑦 = −𝑥2 + 2𝑥 − 3 
𝐷.  𝑦 = −𝑥2 − 2𝑥 + 3 
𝐸.  𝑦 = −𝑥2 + 2𝑥 + 3 

 
        Reason: ......................... 

39. If f is a quadratic function whose graph 
passes through the points (1,0), (4,0) and 
(0, –4) then the value of f(7) is … 
A.  – 16 D. – 19 
B. – 17 E. – 20 
C. – 18 
 
Reason: ...................................................... 
 

40. The graph equation of a quadratic function 
has an extreme point (–1, 4) and through (0, 
3) is … 
A. 𝑦 = −𝑥2 + 2𝑥 − 3     D. 𝑦 = −𝑥2 − 2𝑥 − 5 
B. 𝑦 = −𝑥2 + 2𝑥 + 3    E. 𝑦 = −𝑥2 − 2𝑥 + 5 

 C. 𝑦 = −𝑥2 − 2𝑥 + 3 
 
Reason: .............................................................. 
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Introduction 

Assessment is an important activity that needs to be administeredby teachers in schools. The conventional paradigm 
often interprets assessment as a way to find out the achievement of student learning outcomes as a whole, so that the 
assessment is positioned as a separate activity from the learning process (Syaifuddin, 2020). Referring to the current 
paradigm, assessment in schools was divided into three types, e.g., assessment as learning, assessment for learning, and 
assessment of learning (Wulan, 2018). The three types of assessments aim to provide recognition of the achievement of 
student learning outcomes after the learning process (Earl, 2013).Belowisthe assessment pyramid (Figure 1). 

 

Figure 1. Assessment Pyramid 

Assessment can be administeredthrough atest. A test is a tool or procedure used to find out or measure students' 
abilities in particularareas with specific rules (Arikunto, 2012). A test consists of two types, namely multiple-choice and 
essay. A multiple-choice test is a form of assessment in which each item provides options, and one of the options is the 
correct answer. An essay test is a form of assessment that requires answers in sentences or words. Each type of test has 
its own strengths or weaknesses. The strengths of multiple-choice test over essaytestarefirstly,the test can be 
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conducted for many students, itis more objective, and the test results can be obtained more quickly. In addition to the 
strengths,ithasseveral weaknesses.The multiple-choice test is not able to portraythe actual abilities of students, the 
answers of thistesttend to be guessing gamesor trialanderror(Rosidin, 2017). In addition, the strength of the multiple-
choice test has a scoring certainty compared to the essay test, namely 1 and 0 (score 1 for the correct answer, and 0 for 
the wrong answer). A multiple-choice test with only two answer choices is called a "dichotomous test," and a multiple-
choice test with more than two answer choices is called a "polytomous test"(Kartono, 2008). 

Until quite recently, multiple-choice test has been widely used by teachers to assess students' abilities, especially those 
with a large number and a wide area of expertise. To reduce the weakness of multiple-choice test, in the last four 
decades, experts have developed multiple-choice test by combining multiple-choice test and essay into multiple-choice 
test with reasons orhenceforthcalled as polytomous response test(Suwarto, 2012). The polytomous response test score 
ranges from 1 – 4in which score 4 for the correct answer and reason, score 3 for the correct answer but the wrong 
reason, score 2 for the wrong answer but the correct reason, and score 1 for the wrong answer and reason(Kartono, 
2008). 

In the 1980s, the first test that was focused on and developed by experts was the closed polytomous response test, also 
known as the two-tier test(Treagust, 1988). This test consists of two levels: the first is choosing answers on the 
multiple-choice test, and the second level is choosing reasons based on the answer choices at the first level 
(Chandrasegaran et al., 2007).  Several studies on the closed polytomous response test have been carried out, such as a 
test on mathematical ability in middleschool (Hilton et al., 2013; Rovita et al., 2020), a test on calculus material 
(Khiyarunnisa&Retnawati, 2018), test on higher order thinking mathematical skills (Sundari, et al., 2021), and test on 
mathematical connection material (Lestari et al., 2021). Although the closed polytomous response test has been widely 
developed, researchers have found weaknesses in the test, such as students' misconceptions or students' actual 
competencecannot be identifiedin detail (Antara et al., 2019), the test instrument is difficult to construct (Khusnah, 
2019), and student answers are still guessed (Myanda et al., 2020). However, there are strengths in the closed 
polytomous response test, such as the consistency of student answers errors, which is easily observed(Treagust, 1988), 
and the suitability between the student's answer choices and the reason is easy to know (Diani et al., 2019). 

To reduce the weakness of the closed polytomous response test, the experts modified the test into an open polytomous 
response test. The open polytomous response test is a form of multiple-choice test that provides a place to write 
arguments for the answer choices (Retnawati, 2014). The studies on the open polytomous response test that have been 
carried out are test on calculus material in universities (Yang et al., 2017) and test on mathematics material in senior 
schools(Ayanwale, 2021) and junior schools (Falani et al., 2020). These studies developed open polytomous response 
tests for students in college and senior or junior school. Students in college and senior or junior school learn 
mathematics as a primary subject, while students in vocational schools learn mathematics as a secondary subject 
(Oktaria, 2016). In addition, students in vocational schools are more oriented towards practical abilities and skills, in 
contrast to students in college or high school who are more academically oriented, including in Indonesia 
(Permendikbud, 2016). 

Currently, the Indonesian government expectsthatvocational schoolsis notacademicallyleft behind especially in 
mathematics. The government's commitment is to improve the methodof assessing student learning in vocational 
school, and the currentassessment method is usingpolytomus test. Often, students pay less attention during math 
exams for several reasons, such as considering mathematics as an unimportant subject (Putri et al., 2017), mathematics 
as a complicated subject (Vani et al., 2019), and mathematics as a boring subject (Ikmawati, 2020). 
Therefore,thestudents tend to answer the test by guessing. To avoid the tendencies, it is necessary to develop a 
polytomus response test (closed or open). Byconsidering the disadvantages of the closed polytomous response test, it is 
reasonable to conduct research by developing open polytomous response test for students in vocational schools. 

The test instrumentdeveloped must be reliable as a good test, and thereforeit isnecessary to analyze the quality of test 
items(Rosidin, 2017). There are two theories for analyzing the item quality, namely classical and modern. Classical 
theory is a measurement theory for assessing test based on the assumption of measurement errors between actual 
results and observations, and from the assumption, aformula for calculating the level of difficulty and item 
discrimination was developed (Hambleton & Jones, 1993). The modern theory is a measurementtheory to assess 
students' abilities by comparing students' abilities with their group abilities, and itis known as Item Response 
Theory/IRT (Hambleton & Linden, 1982). Classical theory is widely used by teachers because it is easy to apply. 
However, this classical theory has a weakness, namely, it cannot separate the characteristics of students and items. The 
modern theory is a solution to overcome the weaknesses of the classical theory because, in the modern theory, an item 
does not affect other items (local independence), items only measure one dimension (unidimensional) (Anisa, 2013), 
and an item eliminates the relationship between respondents and items (parameter invariance) (Saepuzaman et al., 
2021). Therefore, experts suggest that the test instrument is accountable; the quality of the items must be good 
according to the analysis of classical and modern theory (Retnawati, 2014). 

Therefore, the aim of the research is to develop a good mathematical test instrument using polytomous responses 
according to classical and modern theories in vocational schools. The research problems are stated as follows:(1) Does 
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the open polytomous response test developed have a good category so that it can be used as an assessment instrument 
in vocational schools based on classical and modern theory?and (2) Does the open polytomous response test 
instrument developed provide information on students' actual competence in vocational schools? 

Methodology 

Research Design 

This research is a research and development modelthat refers to Plomp’s (2013) model, with the research procedure 
consisting of five stages: preliminary investigation, design, realization or construction, test phase, revision, and 
implementation (test). 

 

 

 

 

 

Figure 2. Stages of Research Design 

The preliminary investigation stage is to identify the currentassessment instruments used by teachers. The design stage 
is to make the open polytomous response test grid according to the basic competencies of mathematical concepts and 
to make a quality assessment questionnaire sheet. The realization/construction stage is developing the items test 
validated by an expert process for the items test. The revision stage is the improvement of items on the test based on 
expert advice. The implementation (testing) stage is to try out the test on students and toanalyze the results of the test. 

Research Subject 

The subjects of the study were students of vocational schools situatedin the province of Lampung, Indonesia. The 
research sample was determined using a non-probability sampling technique in the form of accidental sampling, which 
means taking a subject based on a subject that is easy to find and ready to be a respondent(Malhotra, 2006). The 
selected schools were three schools as representatives, namely the Mitra Bhakti vocational school, the PrajaUtama 
vocational school, and the Ma'arif NU vocational school. The research subjects were 413 students in grade I (male 
students = 191, and female students = 222), whose mathematical abilities on the National Exam (NE) were categorized 
as moderate (average 64.67 out of the ideal score of 100). The following are the characteristics of the research subjects 
in detail shown in Table 1. 

Table 1. Research Subjects 

Vocational Schools Grade 
The Number of Students 

Average of NE 
Total Male  Female 

Mitra Bhakti 
I-A 13 5 8 64.24 
I-B 23 10 13 62.4 
I-C 29 9 20 65 

Praja Utama 

I-A 40 40 0 64 
I-B 39 39 0 64.62 
I-C 43 15 28 68.72 
I-D 38 15 23 67.9 
I-E 41 14 27 67.56 
I-F 40 17 23 63.38 
I-G 40 8 23 67.74 

Ma’arif NU 
I-A 31 14 17 62.1 
I-B 36 5 51 58.34 

Total 413 191 222  64.67 

Data Collection Techniques 

Data were collected using a questionnaire and a test. The questionnaire contains several questions to the teacher about 
the instrument for assessment used by the teacher and also expert validity of the instrument developed to determine 
content validity (Suhaini et al., 2021). The instrument was validated by two raters who have expertise in mathematics 
and educational evaluation. The three aspects assessed by the expert were the suitability of the items with the 

Realization/construction Design Preliminary investigation 

Implementation (Test) Revision 
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indicators, language, and alternative answers to the questions. The score validating the instrument follows the criteria 
as in Table 2 below. 

Table 2. Content Validity Score 

Description Score 
Irrelevant 1 
Quite relevant 2 
Relevant 3 
Very relevant 4 

After determining the content validity, the instrument was tested to students. Then, it was continued by determining 
the validity of the construct and its reliabilityto ensure that the instrument could be further analyzed. 

The instrument used was the open polytomous response test, which consisted of 40 questions on the concepts of 
sequences and series (arithmetic and geometry), quadratic equations and functions, and matrices. Each item contained 
five answer choices along with the reasons. Student scores arereferred to the polytomous score in the Partial Credit 
Model, where answer choices and reasons were related(Retnawati, 2014), as shown in Table 3 below. 

Table 3. Scores for Student Answers 

Student Answers 
Score 

Answer Options Reason 
False False 1 
False Right 2 
Right False 3 
Right Right 4 

Data Analysis 

The collected data were analyzed in two stages: (1) questionnaire data analysis (qualitative analysis) and (2) test data 
analysis (empirical analysis).The following is an explanation of each data analysis: 

1. Questionnaire data analysis (qualitative analysis) 

There are two sets of questionnaire datanamely, identification of assessment instruments in schools and expert 
assessment of the assessment instruments developed. The results of the two questionnaires were analyzed 
descriptively. Specifically, for expert judgment, it was continued with an analysis of expert agreement that used the 
Gregory index formula (Gregory, 2015), namely: 

 V = 
𝐷

𝐴+𝐵+𝐶+𝐷
 

Description: 

 V = Content Validity 

 A = Rater 1 and 2 are weak 

 B = Rater 1 is strong, and rater 2 is weak 

 C = Rater 1 is weak, and rater 2 is strong 

D = Rater 1 and 2 are strong 

The interpretation of Gregory's formula is that the number V is in the range of 0 to 1. The higher thenumber V (close to 
1 or equal to 1), the higher the value of the validity of an item. Conversely, the lower the number V (close to 0 or equal 
to 0), the lower the validity of an item. 

2. Test data analysis (empirical analysis) 

After conductingthe content validity test, the researchersconductedthe construct validity and reliability test. The 
construct validation test used exploratory factor analysis. The instrument is considered to havinggood construct if the 
explained Kaiser-Meyer-Olkin (KMO) value is greater than 0.5 (Retnawati, 2014). Reliability test using Cronbach's 
alpha formula. The instrument is said to have good reliability if the coefficient value of Cronbach's alpha is 
0.60(Arikunto, 2012). If the instrument has good construct validation, further test can be analyzed, namely the level of 
difficulty and item discrimination. The reason for analyzing the level of difficulty and item discrimination is that they 
are both preliminary analyses of the assumptions of measurement theory (Hambleton & Jones, 1993). To simplify the 
process of analyzing the level of difficulty and item discrimination, the Iteman program was used for classical theory 
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and the Winsteps program for modern theory (Sarea& Ruslan, 2019). The Winsteps program was used because it had 
several advantages; namely, it can analyze polytomous data and calculate the maximum likelihood model using a 1-
parameter logistic model (Untary et al., 2020). 

2.1 Analysis of test data with classical theory 

a. The item difficulty level is the percentage of the number of students who answered correctly or incorrectly. If 
the item has an index of 0.3-0.7, then the item is good; if the item has an index below 0.3, then the item is 
difficult; and if the item has an index above 0.7, then the item is easy. 

b. Discrimination is the ability of a test to distinguish between high-ability students and low-ability students. 
Discrimination is said to be good if it has an index above 0.3, and if the discrimination index is below 0.3, then 
the question needs to be revised (Arikunto, 2012). 

2.2 Analysis of test data with modern theory 

a. The item difficulty level is the level of the student's latent trait towards the item. The difficulty of the items 
determines the ability of about 50% of the respondents who are expected to answer items correctly (DeMars, 
2010). An item is said to be good if it has an index of between -2 and +2 (Hambleton & Swaminathan, 1985). If 
the index is close to -2, then the item is classified as very easy, and if the index is close to +2, the item is 
classified as very difficult (Retnawati, 2014). In the Winsteps program, the item difficulty level is in the 
Measure column. 

b. Item discrimination is indicated by the slope of the curve on the item characteristics. The item is said to have 
good discrimination if the slope of the curve is moderate (not too gentle or steep) because if the slope of the 
curve is too gentle or steep, then the item is not good. Another opinion states that a good index is above 0.4 
(Crocker &Algina, 1986). In the Winsteps program, the item discrimination is in the Pt-Measure Correlation 
column. 

According to modern theory, before analyzing the item difficulty level and discrimination, three assumptions must be 
tested, namely unidimensionality, local independence, and model fit (Hambleton et al., 1991). Unidimensional means 
that each test item only measures one ability. There are three ways that are often used to test unidimensionality, 
namely the analysis of the Eigenvalue of the correlation matrix between items, the Stout-test on the unidimensional 
assumption test, and the index based on the residuals of the unidimensional solution (DeMars, 2010). In this study, the 
dimensional test used the Eigenvalue analysis of the correlation matrix between items. 

Local independence is the state of the respondent's answer to an item that is not influenced by other items. Local 
independence test by proving that the probability of the respondent's answer pattern is the same as the probability of 
the respondent's answer to each item. If the unidimensional assumption is accepted, the local independence 
assumption will also be accepted (DeMars, 2010). Use the Model Fit Test to find out whether the model used is in 
accordance with the items. Test the fit of the model by measuring the outfit mean square (MNSQ) and PT-Measure. If 
the outfit’s MNSQ value is 0.5 to 1.5 and the Pt-Measure Correlation is positive, it is said that the item fits the model 
(Linacre, 2012). In addition, the information function and standard error measurement (SEM) are analyzed, which aims 
to further explain the latent ability as measured by using a test that is expressed through item donations. 

Results 

Analysis of Questionnaire Data 

Based on the results of the questionnaire, it was found that the teacher had never used the polytomous response. As 
many as 80% of teachers used essay tests and 20% of teachers used multiple-choice tests, with each instrument 
consisting of 2-5 items. In addition, about 10% of teachers used this assessment as a means for learning improvement, 
such as improving lesson plans and teaching methods. The results of the questionnaire stated that 90% of teachers who 
did not use assessment as an improvement in learning were caused by several aspects, such as teachers did not 
understand assessment (20%), teachers did not know how to analyze assessments (50%), and teachers did not know 
how to develop good assessment questions (30%). The following is the summary of the questionnaire from the 
identification data. 
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Figure 3. Description of Teacher Conditions in Assessment 

Content Validity 

The results of the two expert assessments showed that the content validation instrument is good. Furthermore, the 
analysis of expert judgment agreement was obtained as shown in Table 4 below. 

Table 4. The Gregory Item Index 

 Rater 1 
Weak strong 

Rater 2 
weak 0 0 
strong 0 40 

Index Gregory 1 

Based on the results of the assessment in Table 4, it can be concluded that the instrument is valid because the value of V 
reaches a value of 1. Therefore, the instrument test can be continued. In addition to providing assessments, the experts 
also provided some suggestions for improvements to the instrument, namely the preparation of questions using the 
ABCD format (Audience, Behavior, Competence, and Degree), avoiding the use of ambiguous language or statements, 
improving mathematical concepts, making alternative answer choices that are misleading, and arranging them in order.  

Analysis of Test Data 

Construct Validity 

After testing the instrument, it was followed by a construct validity test. The results of the test with exploratory factor 
analysis are shown in Table 5. 

Table 5. Exploratory Factor Analysis 

KMO and Bartlett's Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
Bartlett's Test of Sphericity Approx. Chi-Square 1936.378 

Df 780 
Sig. .000 

Based on Table 5, the explained KMO value is 0.76 (more than 0.5), and it can be concluded that the variables and 
samples used to allow for further analysis. 

Reliability 

The results of the estimation of the reliability of the instrument obtained a Cronbach's alpha coefficient value is 0.89 
(more than 0.6). It means that the instrument has good reliability so that the analysis of the level of difficulty and item 
discrimination can be continued according to classical and modern methods. 

Table 6. Reliability of Items 

Cronbach’s Alpha N of Items 
0.892 40 

 

  

80%

20%

Test type
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multiple
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not
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Analysis of Test Data with Classical Theory 

Analysis of test data in the classical way did not require testing assumptions, but the analysis of the difficulty level of 
the items and the distinguishing power of items could be directly calculated if the validity and reliability have been met. 
The results of the two analyses are presented in Table 7 below. 

Table 7. The Item Difficulty Level and Discrimination 

Item Difficulty 
Level 

Category Discrimi
nation 

Category Item Difficulty 
Level 

Category Discrimi
nation 

Category 

1 0.538 Good 0.196 Revised 21 0.482 Good 0.143 Revised 
2 0.487 Good 0.179 Revised 22 0.535 Good 0.429 Good 
3 0.528 Good 0.214 Revised 23 0.492 Good 0.250 Revised 
4 0.540 Good 0.304 Good 24 0.438 Good -0.071 Revised 
5 0.489 Good 0.089 Revised 25 0.436 Good -0.107 Revised 
6 0.446 Good -0.161 Revised 26 0.385 Good -0.286 Revised 
7 0.438 Good -0.232 Revised 27 0.383 Good -0.321 Revised 
8 0.453 Good -0.143 Revised 28 0.416 Good -0.143 Revised 
9 0.414 Good -0.143 Revised 29 0.458 Good -0.125 Revised 

10 0.409 Good -0.339 Revised 30 0.385 Good -0.375 Revised 
11 0.438 Good -0.143 Revised 31 0.404 Good -0.321 Revised 
12 0.436 Good -0.036 Revised 32 0.433 Good -0.250 Revised 
13 0.400 Good -0.321 Revised 33 0.441 Good 0,036 Revised 
14 0.450 Good -0.036 Revised 34 0.424 Good -0.268 Revised 
15 0.462 Good 0.250 Revised 35 0.412 Good -0.321 Revised 
16 0.453 Good -0.089 Revised 36 0.431 Good -0.304 Revised 
17 0.416 Good -0.143 Revised 37 0.404 Good -0.232 Revised 
18 0.419 Good -0.196 Revised 38 0.363 Good -0.482 Revised 
19 0.431 Good -0.232 Revised 39 0.230 Good -0.929 Revised 
20 0.441 Good -0.089 Revised 40 0.211 Good -1.071 Revised 

Based on Table 7, it was found that all items have an item difficulty level in the index range of 0.3 to 0.7, so they are 
categorizedin the good category. Meanwhile, only two items on discrimination had good categories, and the remaining 
items needed to be revised. The results indicated that all items were good based on the level of difficulty, butalmostall 
items needed to be revised for item discrimination. 

Analysis of Test Data with Modern Theory 

The Unidimensional Assumption Test 

The unidimensional assumption test is the first assumption test with factor analysis. Factor analysis begins by testing 
the adequacy of the sample to be used in the analysis, constructing a variance-covariance matrix, and then calculating 
the Eigenvalue. The Eigenvalue was then used to calculate the percentage of explained variance, as well as to describe 
the scree plot (Retnawati, 2014). The output of factor analysis was the Kaiser-Meyer-Olkin Measure of Sampling 
Adequacy (KMO) statistic and scree plot. 

Table 8. The KMO Test 

KMO Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
 Sig. .000 

The unidimensional test is seen based on the cumulative percentage of Eigenvalue and scree plot analysis results. If the 
cumulative percentage of the first-factor Eigenvalue is greater than 20%, then the unidimensional assumption is 
fulfilled (Retnawati, 2014). In Table 9, it can be seen that the cumulative percentage of the first-factor Eigenvalue is 
20.220%. Because the Eigenvalue is more than 20%, this instrument is proven to only measure one factor or 
dimension. 

Table 9. Total Variance Explained 

Component 
Initial Eigenvalue 

Total Variance (%) Cumulative (%) 
1 8.088 20.220 20.220 
2 1.458 3.646 23.865 
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In addition, the unidimensional test can also be seen on the scree plot, which is based on the number of factors marked 
by the steepness of the graph with the acquisition ofEigenvalue. 

 

Figure 4. Scree Plot Unidimensional 

Based on the scree plot, it is known that the Eigenvalue immediately slope on the second factor. It demonstrates that 
the developed instrument has only one dominant factor. The results prove that the test kit meets the unidimensional 
assumption, or in other words, only measures one dominant factor. 

Local Independence Assumption Test 

The local independence assumption test will be fulfilled if the student's answer to one item does not affect the student's 
answer to another item. Thus, the score of one item should not be determined or dependent on the scores of other 
items. This confirms that this assumption automatically proves that students' answers do not affect answers to other 
items (Retnawati, 2014). 

Table 10. The Covariance Matrix. 

 K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 
K1 0.0486          
K2 0.012 0.0042         
K3 0.0105 0.0034 0.0032        
K4 0.0317 0.0106 0.0093 0.0293       
K5 0.01 0.0032 0.0029 0.0085 0.0028      
K6 0.0069 0.0023 0.0021 0.0062 0.002 0.0016     
K7 0.0036 0.0011 0.0009 0.0028 0.0009 0.0007 0.0004    
K8 0.0041 0.0015 0.0012 0.0037 0.0011 0.0008 0.0004 0.0006   
K9 0.0074 0.0024 0.0022 0.0065 0.002 0.0015 0.0007 0.0009 0.0017  

K10 0.021 0.0061 0.0054 0.0148 0.0051 0.0039 0.0017 0.0025 0.0043 0.0196 

Table 10 shows the results of the variance-covariance values between groups of students' abilities. In the table, it can 
be seen that the covariance value between the ability interval groups located on the diagonal is small and close to zero. 
This result shows that there is no correlation, so it can be said that the local independence assumption test is accepted. 

Model Fit 

The model fit test was analyzed using the Winsteps program. The item requirements are called "fit to the model."If the 
Outfit MNSQ value is 0.5 to 1.5 and the Outfit ZSTD value is -2 to 2, and the Pt-Measure Correlation is positive, then it 
can be said that the item fits the model (Sumintono&Widhiarso, 2015). An item is considered fit if one of the conditions 
is accepted. In addition, it can also be seen from the MNSQ infit of 0.77 to 1.3, but at this stage, the fit of the model is 
only taken on the MNSQ and Pt-Measure outfit values. Based on the results of the analysis, all items matched the model 
or fit (Figure 5). 
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Figure 5. Item Fit on Model 

The Item Difficulty Level 

The item difficulty level was analyzed using the Winsteps program, and the results obtained were presented in Table 12 
(Measure column). The item difficulty level is in the range of -0.70 to 0.84. From Table 12, the highest difficulty level is 
item 40 (difficulty level 0.84), and the lowest difficulty level is item 1 (difficulty level -0.70). Since the difficulty level is 
in the range of 2 and 2, it can be concluded that all items are in the good category. If further divided into three 
categories, the difficulty level of items in the range of -0.7 to 0.84 is moderate (Sumintono&Widhiarso, 2015). It can also 
be seen on the difficult map items, namely that the difficulty level is in the range of -2 and 2. 

 

Figure 6. Item Difficulty Level 
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Figure 7. Item Difficulty Map 

The Item Discrimination 

The item discrimination analysis used the Winsteps program, and the results are presented in Figure 8 (PT-Measure 
Correlation column). Item discrimination is in the range of 0.23 to 0.74, with details of 27 items having an index above 
0.4 (good category), and 13 items having an index below 0.4 (bad category). However, the 13 items can be used as an 
instrument as long as the index is above 0 (Alagumalai et al., 2005). 

 

Figure 8. Item Discrimination 
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Comparative Analysis Between Classical and Modern Theory 

The results of the analysis of classical and modern theories obtained the index of difficulty level and item 
discrimination as follows. 

Table 11. Comparison of Classical and Modern Theories 

Parameter 
Classical Theory Modern Theory 

Many Items with 
Good Categories 

Percentage Many Items with 
Good Categories 

Percentage 

Difficulty level 40 100 40 100 
Item discrimination 2 0.05 27 67.5 

Based on Table 11, the level of item difficulty analyzed by classical and modern theory has the same results (good 
category). However, item discrimination using modern theory has more items in the good category than classical 
theory. If we compare the index of discriminatory items between classical (Table 7) and modern (Figures 6 and 8), it 
can be seen that there is a match between the categories of item discrimination. It means that if item discrimination is 
not good with the classical theory, then item discrimination is also not good with the modern theory (13 items 
correspond to the item discrimination index, and 27 do not match). 

Information and Measurement Error (SEM) Function 

The function of information to reveal latent ability was measured by using a test that was expressed through item 
donation. The test information function is also the sum of the functions of each item. The information function is 
inversely proportional to measurement error, or standard error measurement (SEM). The value of the information 
function of the test device will be high if the items that make up the test have a high information function. The following 
is a picture of the curve of the relationship between the information function and SEM. 

 

Figure 9. Graph of Information Function and Measurement Error 

Figure 9 shows that this instrument provides information of 22.36 (maximum) and has a measurement error of 0.21 
(smallest) for medium-ability students. The lower and upper limits of the interval are the ability scores where the 
graph of the information function and the SEM graph intersect at that interval. This graph states that the greater the 
value of the information function, the smaller the measurement error (SEM), and the item information function 
expresses the strength or contribution of the test items in revealing the latent trait as measured by the test. This 
information function provides a description of the item according to the model (which helps with item selection) 
(Retnawati, 2014). These results conclude that this test instrument is suitable for students with medium abilities. 

Based on the test results, it can also be seen that the actual competency information of students in the vocational school 
was based on the test answers. Instrument analysis is based on two patterns of student answers that have the same 
tendency based on Bloom's Taxonomy (Bloom, 1956). A total of six student answers were selected as samples with 
different abilities (high, medium, and low). 

Item 1: The cognitive domain to be achieved is C2 (Understanding). Based on students' answers, the two dominant 
patterns of student answers are: (1) students have understood the general form of arithmetic sequences and know the 
first term and other terms, and (2) students have not been able to formulate general forms in arithmetic sequences and 
perform algebraic operations on general forms arithmetic sequence. 
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 Question 1: Pattern 1: Pattern 2: 

 

  

Figure 10. An ExampleofStudent Answers in Item 1 

Item 2: The cognitive domain to be achieved is C2 (understanding). Based on students' answers, the two dominant 
patterns of student answers are (1) being able to understand the number of terms in a sequence by using the general 
formula for an arithmetic sequence, or determining the number of arithmetic sequences without using a general 
formula (only writing down all the terms from the first term until the last term) and (2) students who can already use 
the general formula for arithmetic sequences but have not been able to determine the number of arithmetic sequences 
because of errors in performing algebraic operations on general arithmetic sequences. 

Question2: Pattern 1 Pattern 2 

 
  

Figure 11. An ExampleofStudent Answers in Item 2 

Item 3: The cognitive domain to be achieved is C3 (applying). Based on students' answers, the two dominant patterns 
of student answers are: (1) students have understood and determined the difference between two non-adjacent 
arithmetic sequences using the general formula for arithmetic sequences, and (2) other students can determine the 
number of arithmetic sequences even though they are not using a general formula or by writing the terms of the known 
terms and inserting several terms. 

Question 3: Pattern 1 Pattern 2 

 

 

 

 

Figure 12. An Exampleof Student Answers in Item 3 

Item 4: The cognitive domain to be achieved is C3 (applying). Based on students' answers, the two dominant patterns 
of student answers are: (1) students have understood and can determine the nth term in an arithmetic sequence that is 
known to be two non-adjacent terms using the general formula for arithmetic sequences, and (2) students cannot 
determine the number of arithmetic sequences because it does not use a general formula but by writing the terms of 
the known terms and inserting several terms and continuing until the nth term. 
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Question 4: Pattern 1 Pattern 2 

 

  

Figure 13. An Example of Student Answers in Item 4 

Item 5: The cognitive domain to be achieved is C1 (remembering). Based on students' answers, the two dominant 
patterns of student answers are: (1) students have understood and determined the middle term of an arithmetic 
sequence, and (2) students can determine the middle term of an arithmetic sequence but do not use general formulas, 
but rather by writing the terms from known terms and inserting several terms and then defining them. 

Question 5: Answer Pattern 1 Answer Pattern 2 

 
 

 

Figure 14. An Example of Student Answers in Item 5 

Description of Instrument Development and Student Ability 

The instrument developed from this research is the open polytomous response test, and all parameters have been 
accepted. This instrument is a combination of a multiple-choice test and an essay. Multiple choice test is easier to check 
students' answers, but their mathematical thinking processes cannot be known in depth. While the essay test has the 
advantage of being able to find deeper mathematical thinking processes, it takes a long time to check the answers. 

Analysis of learning instruments is an important source of composite scores in the final report. In the final report, the 
student's ability score was first changed to a score of 0–10 (previously 0–100). The conversion is done through a linear 
transformation by dividing the student's score by the ideal score. Then, the result is multiplied by 10 to get a value 
range of 0–10 or multiplied by 100 to get a value range of 0–100. In the range of 0–10, the scores of students' 
mathematical ability were 8.56 (highest) and 4.31 (lowest), or in the range of 0–100, students' math ability scores were 
85.6 (highest) and 43.1 (lowest). 

The results of the analysis of student abilities are presented in the form of predicates ranging from very low to very 
high according to the specified category. The results of this analysis show that most students have very low to medium 
abilities, as much as 62% (253 students), and the remaining 38% (160 students) have high and very high abilities. 
Other analysis results found that high and very high-ability students tend to work according to concepts with more 
creative completion steps (different from the teacher's example), but students who have very low to medium abilities 
can solve problems according to concepts with less creative completion steps (e.g., routine or according to the teacher's 
example). 

Other results show that the assessment with an open response polytomus makes it easier for teachers to explore 
students' difficulties with a material. Then, from this exploration, the teacher can continue with improvements for 
students who have learning difficulties. An important finding of this study is that information about students' learning 
difficulties through the open polytomus response test is more secondhand and complete than other assessment 
instruments, such as multiple-choice tests(Gierl et al., 2017) or essay tests(Putri et al., 2020). 

Discussion 

This research is development research aimed at developing a good mathematical assessment instrument using 
polytomous responses according to classical and modern theories. The results of the data analysis found that there 
were differences in the results of the analysis between classical theory and modern theory, namely on item 
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discrimination. Classical theory analysis obtained 38 items with bad criteria and only 2 items with good criteria. In 
contrast, modern theory analysis obtained 27 items with good criteria and 13 items with bad criteria. According to 
evaluation theory, modern theory aims to cover the weaknesses of classical theory. The results of the classical theory 
analysis are often categorized as poor, but modern analysis results are categorized as good, and vice versa (Retnawati, 
2014). That is, an item that is not in a good category with classical theory should be analyzed according to the modern 
theory before revising or replacing the item. 

Research on learning assessment with open response polytomous was carried out by Yang et al. (2017). This research 
aims to diagnose student errors in completing calculus material at university. The instrument compares two types of 
test namely the two-tier test and the open polytomous response test. The research findings suggest that the open 
polytomous response test provides more detailed information on student error than the two-level test (see Figure 15). 
The research findings are in line with the results of this study, which states that the open polytomous response test 
provides more detailed information about students' abilities. 

  

Figure 15. An Example of Student Answers on The Two-Tier Test and The Open Polytomous 

Response Test 

Another study on learning assessment with open response polychromous was conducted by 
Ayanwale(2021).Ayanwale's research compares two polytomous response test analysis methods namely the Parallel 
and Partial Credit Model. The results of his research stated that the Partial Credit Model analysis had a first factor 
Eigenvalue of 20.5% (ideal Eigenvalue of more than 20%) compared to the Parallel analysis, which had the first factor 
Eigenvalue of 11.7%. The results of Ayanwale's research are in line with this study, which obtained the first factor 
Eigenvalue of 20.220%, and the author can state that the instrument developed is suitable to be used to assess 
vocational students in Indonesia, maybe even outside Indonesia. 

Other studies related to classical and modern theory were conducted bySarea (2018)and Saepuzaman et al.(2021). 
Sarea's research states that the response polytomous test has good criteria (classical and modern theory), and the 
classical theory analysis has more items than modern theory. Meanwhile, Saepuzaman's research found that the 
response polytomous test had good criteria (classical and modern theory), and the modern theory analysis had more 
items than classical theory. 

The results of the analysis of student answers obtained information that there were two patterns of students' solving 
questions: (1) formulasand (2) trial and error. Students who use formula patterns in solving problems tend to be 
carried out by high-ability students, and students who use trial and error patterns tend to be carried out by students 
with medium and low abilities. Students who use both patterns can answer the questions correctly as shown in Figure 
16 below. 
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(i) 

 

(ii) 

Figure 16. An Example of Student Answer Patterns with (i) Formulas, (ii) Trial and Error 

Both patterns of solving math problems are common ways. This is in line with the opinion of Mason et al. (2010) that 
there are several ways that can be used in solving math problems, namely trial and error, using a drawing or model, 
analogy, and formula. Syahlan(2017) states that two ways that students often use to solve math problems are (1) trial 
and error and (2) formulas. Usually, students use trial and error methods to solve easy problems and formulas methods 
to solve difficult questions. If combined with student answers and Syahlan's opinion, students with medium and low 
abilities in solving easy questions will use trial and error methods, and students with high abilities in solving difficult 
questions will use formulas. 

The results of these student answers can be important information for teachers in teaching mathematics. This means 
that before teaching material, the teacher must know the students' initial abilities (high, medium, or low) and the level 
of difficulty of the material. Some of the benefits for teachers who know students' initial abilities are: teachers can 
develop professionally centered on students  (Gonzalez, 2018), teachers can adjust the level of cognitive and increase 
student learning engagement (Dong et al., 2020), assist teachers in designing pedagogical practices and correcting 
students' misconceptions (Geofrey, 2021).In addition, the benefit for teachers who know the level of difficulty of a 
material is that they can design remedial learning plans(Muhson et al., 2017; Wulanningtyas et al., 2020).The 
description above shows that there are many benefits that the teacher will get if the teacher knows the students' actual 
abilities, and this can be known by the teacher if the teacher uses the open polytomus response test. 

Conclusion 

Based on the results of the research and discussion, it can be concluded that (1) the open polytomous response test has 
a good category according to classical and modern theory. Thus, the test instrument requirements are accountable 
(qualifies for a good test) is a good test instrument according to the analysis of the two theories (classical and modern 
theory), and (2) the open polytomous response test can provide information on the actual competence of students; this 
is observed in the students' arguments in giving reasons for their choices. This is observed in the students' arguments 
when giving reasons for their choices. Therefore, the open polytomous response test can be used as an alternative to 
learning assessment. 

Recommendation 

Based on the research results, there are several recommendations for teachers, schools, and other researchers. For 
teachers, they should familiarize students with giving a test in the form of a polytomous response before giving the test. 
In schools, principals or other leaders should encourage other teachers to take advantage of this test and develop other 
assessment instruments. For other researchers, they should conduct research by developing instruments with other 
polytomous responses (assessment of learning and assessment as learning) on other materials. In addition, for further 
research, it is suggested to conduct a study that develops an assessment instrument with a learning response 
polytomous (pretest). This is important so that students' prior knowledge can be known and learning can be effective. 
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Limitations 

The research carried out has several limitations. Firstly, the selected schools have not met the researchers' 
expectations, for example, representing schools of high, medium, and low quality. In addition, during the collection of 
research data that begins with learning, it is not fully controlled by the researcher, so the students who are the research 
samples are less conditioned. The research is only limited to algebraic materials (sequences and series, matrices, 
equations, and quadratic functions), and does not represent other mathematical materials, such as geometry and 
statistics. 
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Appendix 

Instrument of the Open Polytomous Response Test 

Name of Student : ………………………………. 

Class/Department : ………………………………. 

School    : ………………………………. 

 

Instructions:Mark (x) one of the correct answer choices, and give the reason  

(use another piece of paper to write down your reason) 

 

1. Given an arithmetic sequence: 3, 8, 13, 18, 
.... The formula for the nth term of the 
sequence is .... 
A. Un = 5n – 3 C. Un = 4n – 1 
B. Un = 5n – 2 D. Un = 3n + 2 
C. Un = 4n – 1 
 
Reason: ..................................................... 
 

2. Given an arithmetic sequence: 2, 5, 8, 11, …, 
68. The number of terms in the sequence is… 

A. 12 D. 23 
B. 13 E. 24 
C. 22 
 
Reason: ...................................................... 

3. An arithmetic sequence, the 5th term is 31 
and the 8th term is 46. The difference 
between the sequences is... 
A. 5 D. 8 
B. 6 E. 11 
C. 7 
 

Reason: ...................................................... 
 

4. The 4th and 9th terms of an arithmetic 
sequence are 110 and 150. The 30th terms of 
the arithmetic sequence are... 

A. 308 D. 344 
B. 318 E. 354 
C. 326 

 
Reason: .............................................................. 

5. An arithmetic sequence is: 3, 8, 13, 18, …, 
103.Then the middle term of the sequence 
is … 
A. 53 D. 11  
B. 52 E. 10 
C. 20 
D. 11 
E. 10 
 

Reason: ....................................................... 
 

6. Given the arithmetic sequence: 4, 10, 16, 22, 
….If two numbers are inserted in every two 

consecutive terms then the 10th term of the 
sequence is... 

A. 18 D. 24 
B. 20 E. 26 
C. 22 
 

Reason: ............................................................. .... 
 

7. The nth term of an arithmetic series is Un = 
3n – 5. The formula for the sum of the first 
n terms of theseries is ... 

A. 𝑆𝑛 =
𝑛

2
(3𝑛 − 7)D.  𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

B. 𝑆𝑛 =
𝑛

2
(3𝑛 − 5)E.  𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

C. 𝑆𝑛 =
𝑛

2
(3𝑛 − 4) 

Reason: ......................................................... 
 

8. The sum of the first n terms of an arithmetic 
series. Sn = n2 – 19n. The formula for the nth 
term of the Series is...... 

A. 5n – 20 D. 2n – 20 
B. 5n – 10 E. 2n – 10 
C. 2n – 30 
 

Reason: ............................................................. ..... 
 

9. The sum of all integers between 100 and 300 
which are divisible by 5 is ... 
A. 8.200 D. 7.600 
B. 8.000 E. 7.400 
C. 7.800 
 
Reason: ...................................................... .. 
 

10. PT. Angkasa Jaya in the first year produced 
5,000 units. In the second year, production 
was reduced by 80 units per year. In what 
year did the company produce 3,000 units? 
A. 24 D. 27 
B. 25 E. 28 
C. 26 
 
Reason: ........................................................ ....... 
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11. The middle term of an arithmetic sequence 
is 25. If the difference is 4 and the 5th term 
is 21. Then the sum of all the terms in the 
sequence is ... 
A. 175 D. 295 
B. 189 E. 375 
C. 275 
 
Reason: ...................................................... .. 
 

12. A number of candies are distributed among 
five children according to the rules of an 
arithmetic sequence. The younger the child, 
the more candy he gets. If the second child 
receives 11 pieces of candy and the fourth 
child 19 pieces, then the total number of 
candies is... pieces 
A. 60 D. 75 
B. 65E. 80 
C. 70  
 
Reason: ................................................................. 

 
13. The sum of the first n terms of a series is 

2n2-n. So the 12th term of the series is... 
A. 564 D. 45 
B. 276 E. 36 
C. 48 
 
Reason: ...................................................... ............. 
 

14. The number of terms in the geometric 
sequence: 3, 6, 12, ..., 3072 is ... 
A. 9 D. 12 
B. 10 E. 13 
C. 11 

 
Reason: ............................................................. ...... 
 

15. A geometric sequence has the 2nd term is 
8, and the 5th term is 64. The 7th term of 
the sequence is ... 
A. 32 D. 256 
B. 64 E. 512 
C. 128 
 
Reason: ...................................................... ............. 
 

16. The value of the middle term of the 
geometric sequence:  
6, 3, …, 3/512 is … 

A.  
1

16
D.  

4

16
 

B.  
2

16
E.  

5

16
 

C.  
3

16
 

Reason: ............................................... 
 

17. A piece of wire is cut with the first piece 
being 8 cm, and the next piece 1.5 times the 
previous cut. Then the 5th piece is... cm 
A. 18 D. 35 
B. 24 E. 40,5 
C. 27,5 
 
Reason: .................................................................... 

 

18. The sum of an infinite geometric series is 12 
and the first term is 9. The ratio is ... 

A. 
3

4
D. −

1

2
 

B. 
1

4
E. −

3

4
 

C. 
1

3
 

 
Reason: .................................................................. 
 

19. A ball falls from a height of 10 m and 
bounces back 3/4 times its previous height. 
The total number of paths until the ball 
stops is.... m 
A. 60 D. 90 
B. 70 E. 100  
C. 80  

 
Reason: ........................................................ 

 

20. Given[4 8 5
6 3 1

] = [2𝑎 𝑏 + 𝑎 5
6 3 1

].  

 
The value of 3a + b is ... 
A. 8 D. 14 
B. 10 E. 20 
C. 12 

 
Reason: ......................................................... 

21. Given 𝐾 = [
𝑎 2 3
5 4 𝑏
8 3𝑐 11

]and  

𝐿 = [
6 2 3
5 4 2𝑎
8 4𝑏 11

]. If K = L, then cis ... 

A. 12 D. 15 
B. 13 E. 16 
C. 14 

 
Reason: ...................................................... .......... 

22. Given𝐴 = [1 2
3 4

] , 𝐵 = [2 3
0 1

], 

 𝐶 = [
5 2

−1 0
]. Then (A + C) – (A + B) is ... 

 A.  [5 4
5 4

] D.  [ 3 −1
−1 −1

] 

B.  [
4 7
2 5

] E.  [7 −1
1 −1

] 

D.  [ 4 0
−4 −4

] 

 
Reason: ..................................................................... 
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23. Given matrix 𝑃 = [
1 3 1
2 4 5
0 7 6

], then (𝑃𝑡)𝑡is  

... 

𝐴. [
1 2 0
3 3 7
1 5 6

]D. [
0 7 6
2 4 5
1 3 1

] 

𝐵. [
1 3 1
3 3 7
1 5 6

]E. [
0 7 6
2 4 5
1 3 1

] 

𝐶. [
1 3 1
2 4 5
0 7 6

] 

 
Reason: ................................................................. 

 

24. Given matrix𝐴 = [
2𝑥 −5
3 𝑦

], 𝐵 = [
𝑦 2
2 4

], 

and 𝐶 = [8 −3
5 2𝑥

].  

 
If A + B = C, then x + y = ... 
A. –5 D. 3  
B. –1 E. 5 
C. 1 
 
Reason: ........................................................ .. 
 

25. If 𝐴 = [3 5] and 𝐵 = [1 4
2 6

], then 2AB is... 

𝐴. [13 42]D. [13 84] 
𝐵. [26 84]E. [30 36] 
𝐶. [26 42] 

 
Reason: ................................................................... 

 
 

26. If [
1 −3

−2 4
], 𝐵 = [−2 0

1 3
], and 𝐶 =

[
3 −1
1 −2

]then A(B – C) = ... 

 

𝐴. [−5 −14
10 18

]D. [
1 −2

−2 2
] 

𝐵. [−5 −4
10 6

]E. [
−7 19
−2 20

] 

𝐶. [ 1 −16
−2 22

] 

 
Reason: .......................................................... 
 

27.  Matrix X that satisfies [
1 2
3 4

] 𝑋 = [4 3
2 1

] 

is ... 

𝐴. [−6 −5
5 4

]D. [
4 −2

−3 1
] 

𝐵. [5 −6
4 5

]E. [
4 −2

−3 1
] 

𝐶. [−6 −5
4 5

] 

 
Reason: ...................................................... ...... 
 

28. If matrix𝐴 = [3 −𝑥
6 8

] is singular matrix.  

Value of x that satisfies is …. 
 
A. – 5 D. 3 
B. – 4 E. 4 
C. – 3 

 
Reason: ........................................................... 

 

29. Given matrix A = [
0 2 3

−2 0 4
−3 −4 0

], then 

matrix determinant A is ... 
A. 0 D. 2 
B. 1 E. 4 
C. 2 
 
Reason: ................................................................ 

 
 

30. Transpose matrix Pis PT. If P = [
4 7
3 5

] then 

matrix (PT) – 1is ... 

A. [−5 7
3 −2

]            D. [−3 5
4 −7

] 

B. [
3 −4

−5 7
] E. [

4 −3
−7 5

] 

C. [−5 3
7 −4

] 

 
Reason: ................................................................... 

31. Given 𝐴 = [4 3
2 2

]and𝐵 = [5 2
3 1

].  

Inverse matrix (AB) – 1 = ... 
 

A.
1

2
[−6 11

16 −29
]         D. −

1

2
[ 6 11
16 29

] 

B.
1

2
[
29 11
16 6

]             E. −
1

2
[
−6 11
16 −29

] 

C. −
1

2
[29 11
16 6

] 

 
Reason: ............................................................... 

32. The roots of the quadratic equation 3 and 
– 4 are ... 
A. 𝑥2 + 𝑥 − 12 = 0 
B. 𝑥2 − 𝑥 − 12 = 0 
C. 𝑥2 − 𝑥 + 12 = 0 
D. 𝑥2 − 3𝑥 + 4 = 0 
E. 𝑥2 − 4𝑥 + 3 = 0 
 
Reason: ..................................................................... 
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33. The roots of the quadratic equation 

5𝑥2 + 4𝑥 − 12 = 0 are … 

A. −2and
5

6
                D. −2and−

6

5
 

B. 2and−
5

6
E. −2and

6

5
 

C. 2and
6

5
 

 
Reason: ................................................................. 
 

34. The roots of the equation𝑥2 − 2𝑥 − 3 = 0 
are 𝑥1 and𝑥2. If 𝑥1 > 𝑥2, then 𝑥1 − 𝑥2is … 
𝐴. −4D. 2 
𝐵. −2E. 4 
𝐶. 0 

 
Reason: .......................................................... 

35. The roots of the quadratic equation: 2𝑥2 −
3𝑥 − 9 = 0 are 𝑥1 and𝑥2. Value of 𝑥1

2 + 𝑥2
2is 

… 

A. 11
1

4
D. −6

3

4
 

B. 6
3

4
                            E. −11

1

4
 

𝐶. 2
1

4
 

 
Reason: ...................................................... ........ 
 

36. The roots of the quadratic equation:  
𝑥2 + 2𝑥 + 3 = 0 are α and β. The quadratic 
equation(α – 2) and (β – 2) is … 
a. 𝑥2 + 6𝑥 + 5 = 0 
b. 𝑥2 + 6𝑥 + 7 = 0 
c. 𝑥2 + 6𝑥 + 11 = 0 
d. 𝑥2 − 2𝑥 + 3 = 0 
e. 𝑥2 + 2𝑥 + 11 = 0 
 
Reason: ........................................................ . 
 

37. A quadratic function that has a minimum 
value 2 for x = 1 and has a value of 3 for x = 
2 is … 
A. 𝑦 = 𝑥2 − 2𝑥 + 1 
B. 𝑦 = 𝑥2 − 2𝑥 + 3 
C. 𝑦 = 𝑥2 + 2𝑥 − 1 
D. 𝑦 = 𝑥2 + 2𝑥 + 1 
E. 𝑦 = 𝑥2 + 2𝑥 + 3 
 
Reason: ...................................................... ....... 
 

 

38. The figure below is a graph of the quadratic 
equation? … 
𝐴.  𝑦 = 𝑥2 + 2𝑥 + 3 
𝐵.  𝑦 = 𝑥2 − 2𝑥 − 3 
𝐶.  𝑦 = −𝑥2 + 2𝑥 − 3 
𝐷.  𝑦 = −𝑥2 − 2𝑥 + 3 
𝐸.  𝑦 = −𝑥2 + 2𝑥 + 3 

 
Reason: ......................... 

39. If f is a quadratic function whose graph 
passes through the points (1,0), (4,0) and 
(0, –4) then the value of f(7) is … 
A.  – 16 D. – 19 
B. – 17 E. – 20 
C. – 18 
 
Reason: ...................................................... 
 

40. The graph equation of a quadratic function 
has an extreme point (–1, 4) and through (0, 
3) is … 
A. 𝑦 = −𝑥2 + 2𝑥 − 3     D. 𝑦 = −𝑥2 − 2𝑥 − 5 
B. 𝑦 = −𝑥2 + 2𝑥 + 3    E. 𝑦 = −𝑥2 − 2𝑥 + 5 

 C. 𝑦 = −𝑥2 − 2𝑥 + 3 
 
Reason: ........................................................ ...... 
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Introduction 

Assessment is an important activity that needs to be administeredby teachers in schools. The conventional paradigm 
often interprets assessment as a way to find out the achievement of student learning outcomes as a whole, so that the 
assessment is positioned as a separate activity from the learning process (Syaifuddin, 2020). Referring to the current 
paradigm, assessment in schools was divided into three types, e.g., assessment as learning, assessment for learning, and 
assessment of learning (Wulan, 2018). The three types of assessments aim to provide recognition of the achievement of 
student learning outcomes after the learning process (Earl, 2013).Belowisthe assessment pyramid (Figure 1). 

 

Figure 1. Assessment Pyramid 

Assessment can be administeredthrough atest. A test is a tool or procedure used to find out or measure students' 
abilities in particularareas with specific rules (Arikunto, 2012). A test consists of two types, namely multiple-choice and 
essay. A multiple-choice test is a form of assessment in which each item provides options, and one of the options is the 
correct answer. An essay test is a form of assessment that requires answers in sentences or words. Each type of test has 
its own strengths or weaknesses. The strengths of multiple-choice test over essaytestarefirstly,the test can be 
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conducted for many students, itis more objective, and the test results can be obtained more quickly. In addition to the 
strengths,ithasseveral weaknesses.The multiple-choice test is not able to portraythe actual abilities of students, the 
answers of thistesttend to be guessing gamesor trialanderror(Rosidin, 2017). In addition, the strength of the multiple-
choice test has a scoring certainty compared to the essay test, namely 1 and 0 (score 1 for the correct answer, and 0 for 
the wrong answer). A multiple-choice test with only two answer choices is called a "dichotomous test," and a multiple-
choice test with more than two answer choices is called a "polytomous test"(Kartono, 2008). 

Until quite recently, multiple-choice test has been widely used by teachers to assess students' abilities, especially those 
with a large number and a wide area of expertise. To reduce the weakness of multiple-choice test, in the last four 
decades, experts have developed multiple-choice test by combining multiple-choice test and essay into multiple-choice 
test with reasons orhenceforthcalled as polytomous response test(Suwarto, 2012). The polytomous response test score 
ranges from 1 – 4in which score 4 for the correct answer and reason, score 3 for the correct answer but the wrong 
reason, score 2 for the wrong answer but the correct reason, and score 1 for the wrong answer and reason(Kartono, 
2008). 

In the 1980s, the first test that was focused on and developed by experts was the closed polytomous response test, also 
known as the two-tier test(Treagust, 1988). This test consists of two levels: the first is choosing answers on the 
multiple-choice test, and the second level is choosing reasons based on the answer choices at the first level 
(Chandrasegaran et al., 2007).  Several studies on the closed polytomous response test have been carried out, such as a 
test on mathematical ability in middleschool (Hilton et al., 2013; Rovita et al., 2020), a test on calculus material 
(Khiyarunnisa & Retnawati, 2018), test on higher order thinking mathematical skills (Sundari, et al., 2021), and test on 
mathematical connection material (Lestari et al., 2021). Although the closed polytomous response test has been widely 
developed, researchers have found weaknesses in the test, such as students' misconceptions or students' actual 
competencecannot be identifiedin detail (Antara et al., 2019), the test instrument is difficult to construct (Khusnah, 
2019), and student answers are still guessed (Myanda et al., 2020). However, there are strengths in the closed 
polytomous response test, such as the consistency of student answers errors, which is easily observed(Treagust, 1988), 
and the suitability between the student's answer choices and the reason is easy to know (Diani et al., 2019). 

To reduce the weakness of the closed polytomous response test, the experts modified the test into an open polytomous 
response test. The open polytomous response test is a form of multiple-choice test that provides a place to write 
arguments for the answer choices (Retnawati, 2014). The studies on the open polytomous response test that have been 
carried out are test on calculus material in universities (Yang et al., 2017) and test on mathematics material in senior 
schools(Ayanwale, 2021) and junior schools (Falani et al., 2020). These studies developed open polytomous response 
tests for students in college and senior or junior school. Students in college and senior or junior school learn 
mathematics as a primary subject, while students in vocational schools learn mathematics as a secondary subject 
(Oktaria, 2016). In addition, students in vocational schools are more oriented towards practical abilities and skills, in 
contrast to students in college or high school who are more academically oriented, including in Indonesia 
(Permendikbud, 2016). 

Currently, the Indonesian government expectsthatvocational schoolsis notacademicallyleft behind especially in 
mathematics. The government's commitment is to improve the methodof assessing student learning in vocational 
school, and the currentassessment method is usingpolytomous test. Often, students pay less attention during math 
exams for several reasons, such as considering mathematics as an unimportant subject (Putri et al., 2017), mathematics 
as a complicated subject (Vani et al., 2019), and mathematics as a boring subject (Ikmawati, 2020). 
Therefore,thestudents tend to answer the test by guessing. To avoid the tendencies, it is necessary to develop a 
polytomous response test (closed or open). Byconsidering the disadvantages of the closed polytomous response test, it 
is reasonable to conduct research by developing open polytomous response test for students in vocational schools. 

The test instrumentdeveloped must be reliable as a good test, and thereforeit isnecessary to analyze the quality of test 
items(Rosidin, 2017). There are two theories for analyzing the item quality, namely classical and modern. Classical 
theory is a measurement theory for assessing test based on the assumption of measurement errors between actual 
results and observations, and from the assumption, aformula for calculating the level of difficulty and item 
discrimination was developed (Hambleton & Jones, 1993). The modern theory is a measurementtheory to assess 
students' abilities by comparing students' abilities with their group abilities, and itis known as Item Response 
Theory/IRT (Hambleton & Linden, 1982). Classical theory is widely used by teachers because it is easy to apply. 
However, this classical theory has a weakness, namely, it cannot separate the characteristics of students and items. The 
modern theory is a solution to overcome the weaknesses of the classical theory because, in the modern theory, an item 
does not affect other items (local independence), items only measure one dimension (unidimensional) (Anisa, 2013), 
and an item eliminates the relationship between respondents and items (parameter invariance) (Saepuzaman et al., 
2021). Therefore, experts suggest that the test instrument is accountable; the quality of the items must be good 
according to the analysis of classical and modern theory (Retnawati, 2014). 

Therefore, the aim of the research is to develop a good mathematical test instrument using polytomous responses 
according to classical and modern theories in vocational schools. The research problems are stated as follows:(1) Does 
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the open polytomous response test developed have a good category so that it can be used as an assessment instrument 
in vocational schools based on classical and modern theory?and (2) Does the open polytomous response test 
instrument developed provide information on students' actual competence in vocational schools? 

Methodology 

Research Design 

This research is a research and development modelthat refers to Plomp’s (2013) model, with the research procedure 
consisting of five stages: preliminary investigation, design, realization or construction, test phase, revision, and 
implementation (test). 

 

 

 

 

 

Figure 2. Stages of Research Design 

The preliminary investigation stage is to identify the currentassessment instruments used by teachers. The design stage 
is to make the open polytomous response test grid according to the basic competencies of mathematical concepts and 
to make a quality assessment questionnaire sheet. The realization/construction stage is developing the items test 
validated by an expert process for the items test. The revision stage is the improvement of items on the test based on 
expert advice. The implementation (testing) stage is to try out the test on students and toanalyze the results of the test. 

Research Subject 

The subjects of the study were students of vocational schools situatedin the province of Lampung, Indonesia. The 
research sample was determined using a non-probability sampling technique in the form of accidental sampling, which 
means taking a subject based on a subject that is easy to find and ready to be a respondent(Malhotra, 2006). The 
selected schools were three schools as representatives, namely the Mitra Bhakti vocational school, the Praja Utama 
vocational school, and the Ma'arif NU vocational school. The research subjects were 413 students in grade I (male 
students = 191, and female students = 222), whose mathematical abilities on the National Exam (NE) were categorized 
as moderate (average 64.67 out of the ideal score of 100). The following are the characteristics of the research subjects 
in detail shown in Table 1. 

Table 1. Research Subjects 

Vocational Schools Grade 
The Number of Students 

Average of NE 
Total Male  Female 

Mitra Bhakti 
I-A 13 5 8 64.24 
I-B 23 10 13 62.4 
I-C 29 9 20 65 

Praja Utama 

I-A 40 40 0 64 
I-B 39 39 0 64.62 
I-C 43 15 28 68.72 
I-D 38 15 23 67.9 
I-E 41 14 27 67.56 
I-F 40 17 23 63.38 
I-G 40 8 23 67.74 

Ma’arif NU 
I-A 31 14 17 62.1 
I-B 36 5 51 58.34 

Total 413 191 222  64.67 

Data Collection Techniques 

Data were collected using a questionnaire and a test. The questionnaire contains several questions to the teacher about 
the instrument for assessment used by the teacher and also expert validity of the instrument developed to determine 
content validity (Suhaini et al., 2021). The instrument was validated by two raters who have expertise in mathematics 
and educational evaluation. The three aspects assessed by the expert were the suitability of the items with the 

Realization/construction Design Preliminary investigation 

Implementation (Test) Revision 
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indicators, language, and alternative answers to the questions. The score validating the instrument follows the criteria 
as in Table 2 below. 

Table 2. Content Validity Score 

Description Score 
Irrelevant 1 
Quite relevant 2 
Relevant 3 
Very relevant 4 

After determining the content validity, the instrument was tested to students. Then, it was continued by determining 
the validity of the construct and its reliabilityto ensure that the instrument could be further analyzed. 

The instrument used was the open polytomous response test, which consisted of 40 questions on the concepts of 
sequences and series (arithmetic and geometry), quadratic equations and functions, and matrices. Each item contained 
five answer choices along with the reasons. Student scores arereferred to the polytomous score in the Partial Credit 
Model, where answer choices and reasons were related(Retnawati, 2014), as shown in Table 3 below. 

Table 3. Scores for Student Answers 

Student Answers 
Score 

Answer Options Reason 
False False 1 
False Right 2 
Right False 3 
Right Right 4 

Data Analysis 

The collected data were analyzed in two stages: (1) questionnaire data analysis (qualitative analysis) and (2) test data 
analysis (empirical analysis).The following is an explanation of each data analysis: 

1. Questionnaire data analysis (qualitative analysis) 

There are two sets of questionnaire datanamely, identification of assessment instruments in schools and expert 
assessment of the assessment instruments developed. The results of the two questionnaires were analyzed 
descriptively. Specifically, for expert judgment, it was continued with an analysis of expert agreement that used the 
Gregory index formula (Gregory, 2015), namely: 

 V = 
𝐷

𝐴+𝐵+𝐶+𝐷
 

Description: 

 V = Content Validity 

 A = Rater 1 and 2 are weak 

 B = Rater 1 is strong, and rater 2 is weak 

 C = Rater 1 is weak, and rater 2 is strong 

D = Rater 1 and 2 are strong 

The interpretation of Gregory's formula is that the number V is in the range of 0 to 1. The higher thenumber V (close to 
1 or equal to 1), the higher the value of the validity of an item. Conversely, the lower the number V (close to 0 or equal 
to 0), the lower the validity of an item. 

2. Test data analysis (empirical analysis) 

After conductingthe content validity test, the researchersconductedthe construct validity and reliability test. The 
construct validation test used exploratory factor analysis. The instrument is considered to havinggood construct if the 
explained Kaiser-Meyer-Olkin (KMO) value is greater than 0.5 (Retnawati, 2014). Reliability test using Cronbach's 
alpha formula. The instrument is said to have good reliability if the coefficient value of Cronbach's alpha is 
0.60(Arikunto, 2012). If the instrument has good construct validation, further test can be analyzed, namely the level of 
difficulty and item discrimination. The reason for analyzing the level of difficulty and item discrimination is that they 
are both preliminary analyses of the assumptions of measurement theory (Hambleton & Jones, 1993). To simplify the 
process of analyzing the level of difficulty and item discrimination, the Iteman program was used for classical theory 
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and the Winsteps program for modern theory (Sarea & Ruslan, 2019). The Winsteps program was used because it had 
several advantages; namely, it can analyze polytomous data and calculate the maximum likelihood model using a 1-
parameter logistic model (Untary et al., 2020). 

2.1Analysis of test data with classical theory 

a. The item difficulty level is the percentage of the number of students who answered correctly or incorrectly. If 
the item has an index of 0.3-0.7, then the item is good; if the item has an index below 0.3, then the item is 
difficult; and if the item has an index above 0.7, then the item is easy. 

b. Discrimination is the ability of a test to distinguish between high-ability students and low-ability students. 
Discrimination is said to be good if it has an index above 0.3, and if the discrimination index is below 0.3, then 
the question needs to be revised (Arikunto, 2012). 

2.2 Analysis of test data with modern theory 

a. The item difficulty level is the level of the student's latent trait towards the item. The difficulty of the items 
determines the ability of about 50% of the respondents who are expected to answer items correctly (DeMars, 
2010). An item is said to be good if it has an index of between -2 and +2 (Hambleton & Swaminathan, 1985). If 
the index is close to -2, then the item is classified as very easy, and if the index is close to +2, the item is 
classified as very difficult (Retnawati, 2014). In the Winsteps program, the item difficulty level is in the 
Measure column. 

b. Item discrimination is indicated by the slope of the curve on the item characteristics. The item is said to have 
good discrimination if the slope of the curve is moderate (not too gentle or steep) because if the slope of the 
curve is too gentle or steep, then the item is not good. Another opinion states that a good index is above 0.4 
(Crocker & Algina, 1986). In the Winsteps program, the item discrimination is in the Pt-Measure Correlation 
column. 

According to modern theory, before analyzing the item difficulty level and discrimination, three assumptions must be 
tested, namely unidimensionality, local independence, and model fit (Hambleton et al., 1991). Unidimensional means 
that each test item only measures one ability. There are three ways that are often used to test unidimensionality, 
namely the analysis of the Eigenvalue of the correlation matrix between items, the Stout-test on the unidimensional 
assumption test, and the index based on the residuals of the unidimensional solution (DeMars, 2010). In this study, the 
dimensional test used the Eigenvalue analysis of the correlation matrix between items. 

Local independence is the state of the respondent's answer to an item that is not influenced by other items. Local 
independence test by proving that the probability of the respondent's answer pattern is the same as the probability of 
the respondent's answer to each item. If the unidimensional assumption is accepted, the local independence 
assumption will also be accepted (DeMars, 2010). Use the Model Fit Test to find out whether the model used is in 
accordance with the items. Test the fit of the model by measuring the outfit mean square (MNSQ) and PT-Measure. If 
the outfit’s MNSQ value is 0.5 to 1.5 and the Pt-Measure Correlation is positive, it is said that the item fits the model 
(Linacre, 2012). In addition, the information function and standard error measurement (SEM) are analyzed, which aims 
to further explain the latent ability as measured by using a test that is expressed through item donations. 

Results 

Analysis of Questionnaire Data 

Based on the results of the questionnaire, it was found that the teacher had never used the polytomous response. As 
many as 80% of teachers used essay tests and 20% of teachers used multiple-choice tests, with each instrument 
consisting of 2-5 items. In addition, about 10% of teachers used this assessment as a means for learning improvement, 
such as improving lesson plans and teaching methods. The results of the questionnaire stated that 90% of teachers who 
did not use assessment as an improvement in learning were caused by several aspects, such as teachers did not 
understand assessment (20%), teachers did not know how to analyze assessments (50%), and teachers did not know 
how to develop good assessment questions (30%). The following is the summary of the questionnaire from the 
identification data. 
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Figure 3. Description of Teacher Conditions in Assessment 

Content Validity 

The results of the two expert assessments showed that the content validation instrument is good. Furthermore, the 
analysis of expert judgment agreement was obtained as shown in Table 4 below. 

Table 4. The Gregory Item Index 

 Rater 1 
Weak strong 

Rater 2 
weak 0 0 
strong 0 40 

Index Gregory 1 

Based on the results of the assessment in Table 4, it can be concluded that the instrument is valid because the value of V 
reaches a value of 1. Therefore, the instrument test can be continued. In addition to providing assessments, the experts 
also provided some suggestions for improvements to the instrument, namely the preparation of questions using the 
ABCD format (Audience, Behavior, Competence, and Degree), avoiding the use of ambiguous language or statements, 
improving mathematical concepts, making alternative answer choices that are misleading, and arranging them in order.  

Analysis of Test Data 

Construct Validity 

After testing the instrument, it was followed by a construct validity test. The results of the test with exploratory factor 
analysis are shown in Table 5. 

Table 5. Exploratory Factor Analysis 

KMO and Bartlett's Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
Bartlett's Test of Sphericity Approx. Chi-Square 1936.378 

Df 780 
Sig. .000 

Based on Table 5, the explained KMO value is 0.76 (more than 0.5), and it can be concluded that the variables and 
samples used to allow for further analysis. 

Reliability 

The results of the estimation of the reliability of the instrument obtained a Cronbach's alpha coefficient value is 0.89 
(more than 0.6). It means that the instrument has good reliability so that the analysis of the level of difficulty and item 
discrimination can be continued according to classical and modern methods. 

Table 6. Reliability of Items 

Cronbach’s Alpha N of Items 
0.892 40 
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Analysis of Test Data with Classical Theory 

Analysis of test data in the classical way did not require testing assumptions, but the analysis of the difficulty level of 
the items and the distinguishing power of items could be directly calculated if the validity and reliability have been met. 
The results of the two analyses are presented in Table 7 below. 

Table 7. The Item Difficulty Level and Discrimination 

Item Difficulty 
Level 

Category Discrimi
nation 

Category Item Difficulty 
Level 

Category Discrimi
nation 

Category 

1 0.538 Good 0.196 Revised 21 0.482 Good 0.143 Revised 
2 0.487 Good 0.179 Revised 22 0.535 Good 0.429 Good 
3 0.528 Good 0.214 Revised 23 0.492 Good 0.250 Revised 
4 0.540 Good 0.304 Good 24 0.438 Good -0.071 Revised 
5 0.489 Good 0.089 Revised 25 0.436 Good -0.107 Revised 
6 0.446 Good -0.161 Revised 26 0.385 Good -0.286 Revised 
7 0.438 Good -0.232 Revised 27 0.383 Good -0.321 Revised 
8 0.453 Good -0.143 Revised 28 0.416 Good -0.143 Revised 
9 0.414 Good -0.143 Revised 29 0.458 Good -0.125 Revised 

10 0.409 Good -0.339 Revised 30 0.385 Good -0.375 Revised 
11 0.438 Good -0.143 Revised 31 0.404 Good -0.321 Revised 
12 0.436 Good -0.036 Revised 32 0.433 Good -0.250 Revised 
13 0.400 Good -0.321 Revised 33 0.441 Good 0,036 Revised 
14 0.450 Good -0.036 Revised 34 0.424 Good -0.268 Revised 
15 0.462 Good 0.250 Revised 35 0.412 Good -0.321 Revised 
16 0.453 Good -0.089 Revised 36 0.431 Good -0.304 Revised 
17 0.416 Good -0.143 Revised 37 0.404 Good -0.232 Revised 
18 0.419 Good -0.196 Revised 38 0.363 Good -0.482 Revised 
19 0.431 Good -0.232 Revised 39 0.230 Good -0.929 Revised 
20 0.441 Good -0.089 Revised 40 0.211 Good -1.071 Revised 

Based on Table 7, it was found that all items have an item difficulty level in the index range of 0.3 to 0.7, so they are 
categorizedin the good category. Meanwhile, only two items on discrimination had good categories, and the remaining 
items needed to be revised. The results indicated that all items were good based on the level of difficulty, butalmostall 
items needed to be revised for item discrimination. 

Analysis of Test Data with Modern Theory 

The Unidimensional Assumption Test 

The unidimensional assumption test is the first assumption test with factor analysis. Factor analysis begins by testing 
the adequacy of the sample to be used in the analysis, constructing a variance-covariance matrix, and then calculating 
the Eigenvalue. The Eigenvalue was then used to calculate the percentage of explained variance, as well as to describe 
the scree plot (Retnawati, 2014). The output of factor analysis was the Kaiser-Meyer-Olkin Measure of Sampling 
Adequacy (KMO) statistic and scree plot. 

Table 8. The KMO Test 

KMO Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
 Sig. .000 

The unidimensional test is seen based on the cumulative percentage of Eigenvalue and scree plot analysis results. If the 
cumulative percentage of the first-factor Eigenvalue is greater than 20%, then the unidimensional assumption is 
fulfilled (Retnawati, 2014). In Table 9, it can be seen that the cumulative percentage of the first-factor Eigenvalue is 
20.220%. Because the Eigenvalue is more than 20%, this instrument is proven to only measure one factor or 
dimension. 

Table 9. Total Variance Explained 

Component 
Initial Eigenvalue 

Total Variance (%) Cumulative (%) 
1 8.088 20.220 20.220 
2 1.458 3.646 23.865 
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In addition, the unidimensional test can also be seen on the scree plot, which is based on the number of factors marked 
by the steepness of the graph with the acquisition ofEigenvalue. 

 

Figure 4. Scree Plot Unidimensional 

Based on the scree plot, it is known that the Eigenvalue immediately slope on the second factor. It demonstrates that 
the developed instrument has only one dominant factor. The results prove that the test kit meets the unidimensional 
assumption, or in other words, only measures one dominant factor. 

Local Independence Assumption Test 

The local independence assumption test will be fulfilled if the student's answer to one item does not affect the student's 
answer to another item. Thus, the score of one item should not be determined or dependent on the scores of other 
items. This confirms that this assumption automatically proves that students' answers do not affect answers to other 
items (Retnawati, 2014). 

Table 10. The Covariance Matrix. 

 K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 
K1 0.0486          
K2 0.012 0.0042         
K3 0.0105 0.0034 0.0032        
K4 0.0317 0.0106 0.0093 0.0293       
K5 0.01 0.0032 0.0029 0.0085 0.0028      
K6 0.0069 0.0023 0.0021 0.0062 0.002 0.0016     
K7 0.0036 0.0011 0.0009 0.0028 0.0009 0.0007 0.0004    
K8 0.0041 0.0015 0.0012 0.0037 0.0011 0.0008 0.0004 0.0006   
K9 0.0074 0.0024 0.0022 0.0065 0.002 0.0015 0.0007 0.0009 0.0017  

K10 0.021 0.0061 0.0054 0.0148 0.0051 0.0039 0.0017 0.0025 0.0043 0.0196 

Table 10 shows the results of the variance-covariance values between groups of students' abilities. In the table, it can 
be seen that the covariance value between the ability interval groups located on the diagonal is small and close to zero. 
This result shows that there is no correlation, so it can be said that the local independence assumption test is accepted. 

Model Fit 

The model fit test was analyzed using the Winsteps program. The item requirements are called "fit to the model."If the 
Outfit MNSQ value is 0.5 to 1.5 and the Outfit ZSTD value is -2 to 2, and the Pt-Measure Correlation is positive, then it 
can be said that the item fits the model (Sumintono & Widhiarso, 2015). An item is considered fit if one of the 
conditions is accepted. In addition, it can also be seen from the MNSQ infit of 0.77 to 1.3, but at this stage, the fit of the 
model is only taken on the MNSQ and Pt-Measure outfit values. Based on the results of the analysis, all items matched 
the model or fit (Figure 5). 
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Figure 5. Item Fit on Model 

The Item Difficulty Level 

The item difficulty level was analyzed using the Winsteps program, and the results obtained were presented in Table 12 
(Measure column). The item difficulty level is in the range of -0.70 to 0.84. From Table 12, the highest difficulty level is 
item 40 (difficulty level 0.84), and the lowest difficulty level is item 1 (difficulty level -0.70). Since the difficulty level is 
in the range of 2 and 2, it can be concluded that all items are in the good category. If further divided into three 
categories, the difficulty level of items in the range of -0.7 to 0.84 is moderate (Sumintono & Widhiarso, 2015). It can 
also be seen on the difficult map items, namely that the difficulty level is in the range of -2 and 2. 

 

Figure 6. Item Difficulty Level 
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Figure 7. Item Difficulty Map 

The Item Discrimination 

The item discrimination analysis used the Winsteps program, and the results are presented in Figure 8 (PT-Measure 
Correlation column). Item discrimination is in the range of 0.23 to 0.74, with details of 27 items having an index above 
0.4 (good category), and 13 items having an index below 0.4 (bad category). However, the 13 items can be used as an 
instrument as long as the index is above 0 (Alagumalai et al., 2005). 

 

Figure 8. Item Discrimination 
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Comparative Analysis Between Classical and Modern Theory 

The results of the analysis of classical and modern theories obtained the index of difficulty level and item 
discrimination as follows. 

Table 11. Comparison of Classical and Modern Theories 

Parameter 
Classical Theory Modern Theory 

Many Items with 
Good Categories 

Percentage Many Items with 
Good Categories 

Percentage 

Difficulty level 40 100 40 100 
Item discrimination 2 0.05 27 67.5 

Based on Table 11, the level of item difficulty analyzed by classical and modern theory has the same results (good 
category). However, item discrimination using modern theory has more items in the good category than classical 
theory. If we compare the index of discriminatory items between classical (Table 7) and modern (Figures 6 and 8), it 
can be seen that there is a match between the categories of item discrimination. It means that if item discrimination is 
not good with the classical theory, then item discrimination is also not good with the modern theory (13 items 
correspond to the item discrimination index, and 27 do not match). 

Information and Measurement Error (SEM) Function 

The function of information to reveal latent ability was measured by using a test that was expressed through item 
donation. The test information function is also the sum of the functions of each item. The information function is 
inversely proportional to measurement error, or standard error measurement (SEM). The value of the information 
function of the test device will be high if the items that make up the test have a high information function. The following 
is a picture of the curve of the relationship between the information function and SEM. 

 

Figure 9. Graph of Information Function and Measurement Error 

Figure 9 shows that this instrument provides information of 22.36 (maximum) and has a measurement error of 0.21 
(smallest) for medium-ability students. The lower and upper limits of the interval are the ability scores where the 
graph of the information function and the SEM graph intersect at that interval. This graph states that the greater the 
value of the information function, the smaller the measurement error (SEM), and the item information function 
expresses the strength or contribution of the test items in revealing the latent trait as measured by the test. This 
information function provides a description of the item according to the model (which helps with item selection) 
(Retnawati, 2014). These results conclude that this test instrument is suitable for students with medium abilities. 

Based on the test results, it can also be seen that the actual competency information of students in the vocational school 
was based on the test answers. Instrument analysis is based on two patterns of student answers that have the same 
tendency based on Bloom's Taxonomy (Bloom, 1956). A total of six student answers were selected as samples with 
different abilities (high, medium, and low). 

Item 1: The cognitive domain to be achieved is C2 (Understanding). Based on students' answers, the two dominant 
patterns of student answers are: (1) students have understood the general form of arithmetic sequences and know the 
first term and other terms, and (2) students have not been able to formulate general forms in arithmetic sequences and 
perform algebraic operations on general forms arithmetic sequence. 
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 Question 1: Pattern 1: Pattern 2: 

 

  

Figure 10. An ExampleofStudent Answers in Item 1 

Item 2: The cognitive domain to be achieved is C2 (understanding). Based on students' answers, the two dominant 
patterns of student answers are (1) being able to understand the number of terms in a sequence by using the general 
formula for an arithmetic sequence, or determining the number of arithmetic sequences without using a general 
formula (only writing down all the terms from the first term until the last term) and (2) students who can already use 
the general formula for arithmetic sequences but have not been able to determine the number of arithmetic sequences 
because of errors in performing algebraic operations on general arithmetic sequences. 

Question2: Pattern 1 Pattern 2 

 
  

Figure 11. An ExampleofStudent Answers in Item 2 

Item 3: The cognitive domain to be achieved is C3 (applying). Based on students' answers, the two dominant patterns 
of student answers are: (1) students have understood and determined the difference between two non-adjacent 
arithmetic sequences using the general formula for arithmetic sequences, and (2) other students can determine the 
number of arithmetic sequences even though they are not using a general formula or by writing the terms of the known 
terms and inserting several terms. 

Question 3: Pattern 1 Pattern 2 

 

 

 

 

Figure 12. An Exampleof Student Answers in Item 3 

Item 4: The cognitive domain to be achieved is C3 (applying). Based on students' answers, the two dominant patterns 
of student answers are: (1) students have understood and can determine the nth term in an arithmetic sequence that is 
known to be two non-adjacent terms using the general formula for arithmetic sequences, and (2) students cannot 
determine the number of arithmetic sequences because it does not use a general formula but by writing the terms of 
the known terms and inserting several terms and continuing until the nth term. 
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Question 4: Pattern 1 Pattern 2 

 

  

Figure 13. An Example of Student Answers in Item 4 

Item 5: The cognitive domain to be achieved is C1 (remembering). Based on students' answers, the two dominant 
patterns of student answers are: (1) students have understood and determined the middle term of an arithmetic 
sequence, and (2) students can determine the middle term of an arithmetic sequence but do not use general formulas, 
but rather by writing the terms from known terms and inserting several terms and then defining them. 

Question 5: Answer Pattern 1 Answer Pattern 2 

 
 

 

Figure 14. An Example of Student Answers in Item 5 

Description of Instrument Development and Student Ability 

The instrument developed from this research is the open polytomous response test, and all parameters have been 
accepted. This instrument is a combination of a multiple-choice test and an essay. Multiple choice test is easier to check 
students' answers, but their mathematical thinking processes cannot be known in depth. While the essay test has the 
advantage of being able to find deeper mathematical thinking processes, it takes a long time to check the answers. 

Analysis of learning instruments is an important source of composite scores in the final report. In the final report, the 
student's ability score was first changed to a score of 0–10 (previously 0–100). The conversion is done through a linear 
transformation by dividing the student's score by the ideal score. Then, the result is multiplied by 10 to get a value 
range of 0–10 or multiplied by 100 to get a value range of 0–100. In the range of 0–10, the scores of students' 
mathematical ability were 8.56 (highest) and 4.31 (lowest), or in the range of 0–100, students' math ability scores were 
85.6 (highest) and 43.1 (lowest). 

The results of the analysis of student abilities are presented in the form of predicates ranging from very low to very 
high according to the specified category. The results of this analysis show that most students have very low to medium 
abilities, as much as 62% (253 students), and the remaining 38% (160 students) have high and very high abilities. 
Other analysis results found that high and very high-ability students tend to work according to concepts with more 
creative completion steps (different from the teacher's example), but students who have very low to medium abilities 
can solve problems according to concepts with less creative completion steps (e.g., routine or according to the teacher's 
example). 

Other results show that the assessment with an open response polytomous makes it easier for teachers to explore 
students' difficulties with a material. Then, from this exploration, the teacher can continue with improvements for 
students who have learning difficulties. An important finding of this study is that information about students' learning 
difficulties through the open polytomous response test is more secondhand and complete than other assessment 
instruments, such as multiple-choice tests(Gierl et al., 2017) or essay tests(Putri et al., 2020). 

Discussion 

This research is development research aimed at developing a good mathematical assessment instrument using 
polytomous responses according to classical and modern theories. The results of the data analysis found that there 
were differences in the results of the analysis between classical theory and modern theory, namely on item 
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discrimination. Classical theory analysis obtained 38 items with bad criteria and only 2 items with good criteria. In 
contrast, modern theory analysis obtained 27 items with good criteria and 13 items with bad criteria. According to 
evaluation theory, modern theory aims to cover the weaknesses of classical theory. The results of the classical theory 
analysis are often categorized as poor, but modern analysis results are categorized as good, and vice versa (Retnawati, 
2014). That is, an item that is not in a good category with classical theory should be analyzed according to the modern 
theory before revising or replacing the item. 

Research on learning assessment with open response polytomous was carried out by Yang et al. (2017). This research 
aims to diagnose student errors in completing calculus material at university. The instrument compares two types of 
test namely the two-tier test and the open polytomous response test. The research findings suggest that the open 
polytomous response test provides more detailed information on student error than the two-level test (see Figure 15). 
The research findings are in line with the results of this study, which states that the open polytomous response test 
provides more detailed information about students' abilities. 

  

Figure 15. An Example of Student Answers on The Two-Tier Test and The Open Polytomous 

Response Test 

Another study on learning assessment with open response polychromous was conducted by 
Ayanwale(2021).Ayanwale's research compares two polytomous response test analysis methods namely the Parallel 
and Partial Credit Model. The results of his research stated that the Partial Credit Model analysis had a first factor 
Eigenvalue of 20.5% (ideal Eigenvalue of more than 20%) compared to the Parallel analysis, which had the first factor 
Eigenvalue of 11.7%. The results of Ayanwale's research are in line with this study, which obtained the first factor 
Eigenvalue of 20.220%, and the author can state that the instrument developed is suitable to be used to assess 
vocational students in Indonesia, maybe even outside Indonesia. 

Other studies related to classical and modern theory were conducted bySarea (2018)and Saepuzaman et al.(2021). 
Sarea's research states that the response polytomous test has good criteria (classical and modern theory), and the 
classical theory analysis has more items than modern theory. Meanwhile, Saepuzaman's research found that the 
response polytomous test had good criteria (classical and modern theory), and the modern theory analysis had more 
items than classical theory. 

The results of the analysis of student answers obtained information that there were two patterns of students' solving 
questions: (1) formulasand (2) trial and error. Students who use formula patterns in solving problems tend to be 
carried out by high-ability students, and students who use trial and error patterns tend to be carried out by students 
with medium and low abilities. Students who use both patterns can answer the questions correctly as shown in Figure 
16 below. 
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(i) 

 

(ii) 

Figure 16. An Example of Student Answer Patterns with (i) Formulas, (ii) Trial and Error 

Both patterns of solving math problems are common ways. This is in line with the opinion of Mason et al. (2010) that 
there are several ways that can be used in solving math problems, namely trial and error, using a drawing or model, 
analogy, and formula. Syahlan(2017) states that two ways that students often use to solve math problems are (1) trial 
and error and (2) formulas. Usually, students use trial and error methods to solve easy problems and formulas methods 
to solve difficult questions. If combined with student answers and Syahlan's opinion, students with medium and low 
abilities in solving easy questions will use trial and error methods, and students with high abilities in solving difficult 
questions will use formulas. 

The results of these student answers can be important information for teachers in teaching mathematics. This means 
that before teaching material, the teacher must know the students' initial abilities (high, medium, or low) and the level 
of difficulty of the material. Some of the benefits for teachers who know students' initial abilities are: teachers can 
develop professionally centered on students  (Gonzalez, 2018), teachers can adjust the level of cognitive and increase 
student learning engagement (Dong et al., 2020), assist teachers in designing pedagogical practices and correcting 
students' misconceptions (Geofrey, 2021).In addition, the benefit for teachers who know the level of difficulty of a 
material is that they can design remedial learning plans(Muhson et al., 2017; Wulanningtyas et al., 2020).The 
description above shows that there are many benefits that the teacher will get if the teacher knows the students' actual 
abilities, and this can be known by the teacher if the teacher uses the open polytomous response test. 

Conclusion 

Based on the results of the research and discussion, it can be concluded that (1) the open polytomous response test has 
a good category according to classical and modern theory. Thus, the test instrument requirements are accountable 
(qualifies for a good test) is a good test instrument according to the analysis of the two theories (classical and modern 
theory), and (2) the open polytomous response test can provide information on the actual competence of students; this 
is observed in the students' arguments in giving reasons for their choices. This is observed in the students' arguments 
when giving reasons for their choices. Therefore, the open polytomous response test can be used as an alternative to 
learning assessment. 

Recommendation 

Based on the research results, there are several recommendations for teachers, schools, and other researchers. For 
teachers, they should familiarize students with giving a test in the form of a polytomous response before giving the test. 
In schools, principals or other leaders should encourage other teachers to take advantage of this test and develop other 
assessment instruments. For other researchers, they should conduct research by developing instruments with other 
polytomous responses (assessment of learning and assessment as learning) on other materials. In addition, for further 
research, it is suggested to conduct a study that develops an assessment instrument with a learning response 
polytomous (pretest). This is important so that students' prior knowledge can be known and learning can be effective. 
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Limitations 

The research carried out has several limitations. Firstly, the selected schools have not met the researchers' 
expectations, for example, representing schools of high, medium, and low quality. In addition, during the collection of 
research data that begins with learning, it is not fully controlled by the researcher, so the students who are the research 
samples are less conditioned. The research is only limited to algebraic materials (sequences and series, matrices, 
equations, and quadratic functions), and does not represent other mathematical materials, such as geometry and 
statistics. 
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Appendix 

Instrument of the Open Polytomous Response Test 

Name of Student  : ………………………………. 

Class/Department : ………………………………. 

School    : ………………………………. 

 

Instructions:Mark (x) one of the correct answer choices, and give the reason  

(use another piece of paper to write down your reason) 

 

1. Given an arithmetic sequence: 3, 8, 13, 18, 
.... The formula for the nth term of the 
sequence is .... 
A. Un = 5n – 3 D. Un = 4n – 1 
B. Un = 5n – 2 E. Un = 3n + 2 
C. Un = 4n – 1 
 
Reason: ..................................................... 
 

2. Given an arithmetic sequence: 2, 5, 8, 11, …, 
68. The number of terms in the sequence is… 

A. 12 D. 23 
B. 13 E. 24 
C. 22 
 
Reason: ...................................................... 

3. An arithmetic sequence, the 5th term is 31 
and the 8th term is 46. The difference 
between the sequences is... 
A. 5 D. 8 
B. 6 E. 11 
C. 7 
 

Reason: ...................................................... 
 

4. The 4th and 9th terms of an arithmetic 
sequence are 110 and 150. The 30th terms of 
the arithmetic sequence are... 

A. 308 D. 344 
B. 318 E. 354 
C. 326 

 
Reason: ............................................................. . 

5. An arithmetic sequence is: 3, 8, 13, 18, …, 
103.Then the middle term of the sequence 
is … 
A. 53 D. 11  
B. 52 E. 10 
C. 20 
 

Reason: ....................................................... 
 

6. Given the arithmetic sequence: 4, 10, 16, 22, 
….If two numbers are inserted in every two 

consecutive terms then the 10th term of the 
sequence is... 

A. 18 D. 24 
B. 20 E. 26 
C. 22 
 

Reason: ............................................................. .... 
 

7. The nth term of an arithmetic series is Un = 
3n – 5. The formula for the sum of the first 
n terms of theseries is ... 

A. 𝑆𝑛 =
𝑛

2
(3𝑛 − 7)D.  𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

B. 𝑆𝑛 =
𝑛

2
(3𝑛 − 5)E.  𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

C. 𝑆𝑛 =
𝑛

2
(3𝑛 − 4) 

Reason: ......................................................... 
 

8. The sum of the first n terms of an arithmetic 
series. Sn = n2 – 19n. The formula for the nth 
term of the Series is...... 

A. 5n – 20 D. 2n – 20 
B. 5n – 10 E. 2n – 10 
C. 2n – 30 
 

Reason: ............................................................. ..... 
 

9. The sum of all integers between 100 and 300 
which are divisible by 5 is ... 
A. 8,200 D. 7,600 
B. 8,000 E. 7,400 
C. 7,800 
 
Reason: ...................................................... .. 
 

10. PT.Angkasa Jaya in the first year produced 
5,000 units. In the second year, production 
was reduced by 80 units per year. In what 
year did the company produce 3,000 units? 
A. 24 D. 27 
B. 25 E. 28 
C. 26 
 
Reason: ........................................................ ....... 

11. The middle term of an arithmetic sequence 12. A number of candies are distributed among 
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is 25. If the difference is 4 and the 5th term 
is 21. Then the sum of all the terms in the 
sequence is ... 
A. 175 D. 295 
B. 189 E. 375 
C. 275 
 
Reason: ...................................................... .. 
 

five children according to the rules of an 
arithmetic sequence. The younger the child, 
the more candy he gets. If the second child 
receives 11 pieces of candy and the fourth 
child 19 pieces, then the total number of 
candies is... pieces 
A. 60 D. 75 
B. 65E. 80 
C. 70  
 
Reason: ........................................................ ......... 

 
13. The sum of the first n terms of a series is 

2n2-n. So the 12th term of the series is... 
A. 564 D. 45 
B. 276 E. 36 
C. 48 
 
Reason: ................................................................... 
 

14. The number of terms in thegeometric 
sequence: 3, 6, 12, ..., 3072 is ... 
A. 9 D. 12 
B. 10 E. 13 
C. 11 

 
Reason: ............................................................. ...... 
 

15. A geometric sequence has the 2nd term is 
8, and the 5th term is 64. The 7th term of 
the sequence is ... 
A. 32 D. 256 
B. 64 E. 512 
C. 128 
 
Reason: ...................................................... ............. 
 

16. The value of the middle term of the 
geometric sequence:  
6, 3, …, 3/512 is … 

A.  
1

16
D.  

4

16
 

B.  
2

16
E.  

5

16
 

C.  
3

16
 

Reason: ............................................... 
 

17. A piece of wire is cut with the first piece 
being 8 cm, and the next piece 1.5 times the 
previous cut. Then the 5th piece is... cm 
A. 18 D. 35 
B. 24 E. 40.5 
C. 27.5 
 
Reason: ...................................................... .............. 

 

18. The sum of an infinite geometric series is 12 
and the first term is 9. The ratio is ... 

A. 
3

4
D. −

1

2
 

B. 
1

4
E. −

3

4
 

C. 
1

3
 

 
Reason: .................................................................. 
 

19. A ball falls from a height of 10 m and 
bounces back 3/4 times its previous height. 
The total number of paths until the ball 
stops is.... m 
A. 60 D. 90 
B. 70 E. 100  
C. 80  

 
Reason: ........................................................ 

 

20. Given[4 8 5
6 3 1

] = [2𝑎 𝑏 + 𝑎 5
6 3 1

].  

 
The value of 3a + b is ... 
A. 8 D. 14 
B. 10 E. 20 
C. 12 

 
Reason: ......................................................... 

21. Given 𝐾 = [
𝑎 2 3
5 4 𝑏
8 3𝑐 11

]and  

𝐿 = [
6 2 3
5 4 2𝑎
8 4𝑏 11

]. If K = L, then cis ... 

A. 12 D. 15 
B. 13 E. 16 
C. 14 

 
Reason: ...................................................... .......... 
 

22. Given𝐴 = [1 2
3 4

] , 𝐵 = [2 3
0 1

], 

 𝐶 = [
5 2

−1 0
]. Then (A + C) – (A + B) is ... 

 A.  [5 4
5 4

] D.  [ 3 −1
−1 −1

] 

B.  [
4 7
2 5

] E.   [7 −1
1 −1

] 

D.  [
4 0

−4 −4
] 

 
Reason: ..................................................................... 
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23. Given matrix 𝑃 = [
1 3 1
2 4 5
0 7 6

], then (𝑃𝑡)𝑡    

is  ... 

A. [
1 2 0
3 3 7
1 5 6

]D. [
0 7 6
2 4 5
1 3 1

] 

B. [
1 3 1
3 3 7
1 5 6

]E. [
0 7 6
2 4 5
1 3 1

] 

C. [
1 3 1
2 4 5
0 7 6

] 

 
Reason: ................................................................. 

 

24. Given matrix𝐴 = [
2𝑥 −5
3 𝑦

], 𝐵 = [
𝑦 2
2 4

], 

and 𝐶 = [8 −3
5 2𝑥

].  

 
If A + B = C, then x + y = ... 
A. –5 D. 3  
B. –1 E. 5 
C. 1 
 
Reason: ........................................................ .. 
 

25. If 𝐴 = [3 5] and 𝐵 = [
1 4
2 6

], then 2AB is... 

A. [13 42]D. [13 84] 
B. [26 84]E. [30 36] 
C. [26 42] 

 
Reason: ................................................................... 

 
 

26. If 𝐴 = [
1 −3

−2 4
], 𝐵 = [

−2 0
1 3

], and  

𝐶 = [3 −1
1 −2

]then A(B – C) = ... 

 

A. [
−5 −14
10 18

]D. [
1 −2

−2 2
] 

B. [−5 −4
10 6

]E. [
−7 19
−2 20

] 

C. [ 1 −16
−2 22

] 

 
Reason: .......................................................... 
 

27.  Matrix X that satisfies [
1 2
3 4

] 𝑋 = [4 3
2 1

] 

is ... 

A. [−6 −5
5 4

]D. [
4 −2

−3 1
] 

B. [5 −6
4 5

]E. [
4 −2

−3 1
] 

C. [−6 −5
4 5

] 

 
Reason: ...................................................... ...... 
 

28. If matrix𝐴 = [3 −𝑥
6 8

] is singular matrix.  

Value of x that satisfies is …. 
 
A. – 5 D. 3 
B. – 4 E. 4 
C. – 3 

 
Reason: ........................................................... 

 

29. Given matrix A = [
0 2 3

−2 0 4
−3 −4 0

], then 

matrix determinant A is ... 
A. 0 D. 2 
B. 1 E. 4 
C. 2 
 
Reason: ................................................................ 

 
 

30. Transpose matrix Pis PT. If P = [
4 7
3 5

] then 

matrix (PT) – 1is ... 

A. [−5 7
3 −2

]            D. [−3 5
4 −7

] 

B. [
3 −4

−5 7
] E. [

4 −3
−7 5

] 

C. [−5 3
7 −4

] 

 
Reason: ................................................................... 

31. Given 𝐴 = [
4 3
2 2

]and𝐵 = [
5 2
3 1

].  

Inverse matrix (AB) – 1 = ... 
 

A.
1

2
[
−6 11
16 −29

]         D. −
1

2
[

6 11
16 29

] 

B.
1

2
[
29 11
16 6

]             E. −
1

2
[
−6 11
16 −29

] 

C. −
1

2
[29 11
16 6

] 

 
Reason: ............................................................... 
 

32. The roots of the quadratic equation 3 and 
– 4 are ... 
A. 𝑥2 + 𝑥 − 12 = 0 
B. 𝑥2 − 𝑥 − 12 = 0 
C. 𝑥2 − 𝑥 + 12 = 0 
D. 𝑥2 − 3𝑥 + 4 = 0 
E. 𝑥2 − 4𝑥 + 3 = 0 
 
Reason: ..................................................................... 
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33. The roots of the quadratic equation 
5𝑥2 + 4𝑥 − 12 = 0 are … 

A. −2and
5

6
                D. −2and−

6

5
 

B. 2and−
5

6
E. −2and

6

5
 

C. 2and
6

5
 

 
Reason: ................................................................. 
 

34. The roots of the equation𝑥2 − 2𝑥 − 3 = 0 
are 𝑥1 and𝑥2. If 𝑥1 > 𝑥2, then 𝑥1 − 𝑥2is … 
A. −4D. 2 
B. −2E. 4 
C. 0 

 
Reason: .......................................................... 

35. The roots of the quadratic equation: 
2𝑥2 − 3𝑥 − 9 = 0 are 𝑥1 and𝑥2. Value of 
𝑥1

2 + 𝑥2
2is … 

A. 11
1

4
D. −6

3

4
 

B. 6
3

4
                            E. −11

1

4
 

C. 2
1

4
 

 
Reason: ...................................................... ........ 
 

36. The roots of the quadratic equation:  
𝑥2 + 2𝑥 + 3 = 0 are α and β. The quadratic 
equation(α – 2) and (β – 2) is … 
A.  x2 + 6x + 5 = 0 
B.  x2 + 6x + 7 = 0 
C.  x2 + 6x + 11 = 0 
D.  x2 − 2x + 3 = 0 
E.  x2 + 2x + 11 = 0 
 
Reason: ........................................................ . 
 

37. A quadratic function that has a minimum 
value 2 for x = 1 and has a value of 3 for x = 
2 is … 
A. 𝑦 = 𝑥2 − 2𝑥 + 1 
B. 𝑦 = 𝑥2 − 2𝑥 + 3 
C. 𝑦 = 𝑥2 + 2𝑥 − 1 
D. 𝑦 = 𝑥2 + 2𝑥 + 1 
E. 𝑦 = 𝑥2 + 2𝑥 + 3 
 
Reason: ...................................................... ....... 
 

 

38. The figure below is a graph of the quadratic 
equation? … 
A.  𝑦 = 𝑥2 + 2𝑥 + 3 
B.  𝑦 = 𝑥2 − 2𝑥 − 3 
C.  𝑦 = −𝑥2 + 2𝑥 − 3 
D.  𝑦 = −𝑥2 − 2𝑥 + 3 
E.  𝑦 = −𝑥2 + 2𝑥 + 3 

 
Reason: ......................... 

39. If f is a quadratic function whose graph 
passes through the points (1,0), (4,0) and 
(0, –4) then the value of f(7) is … 
A.  – 16 D. – 19 
B. – 17 E. – 20 
C. – 18 
 
Reason: ...................................................... 
 

40. The graph equation of a quadratic function 
has an extreme point (–1, 4) and through (0, 
3) is … 
A. 𝑦 = −𝑥2 + 2𝑥 − 3     D. 𝑦 = −𝑥2 − 2𝑥 − 5 
B. 𝑦 = −𝑥2 + 2𝑥 + 3    E. 𝑦 = −𝑥2 − 2𝑥 + 5 

 C. 𝑦 = −𝑥2 − 2𝑥 + 3 
 
Reason: ........................................................ ...... 
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assessment. 

Keywords:Assessment instrument, classical and modern theory, vocational school, polytomous responses. 

To cite this article:Sutiarso, S.,Rosidin, U.,&Sulistiawan, A. (2022). Developing assessment instrument using polytomous response in 
mathematics.European Journal of Educational Research, 11(3), 1441-1462.https://doi.org/10.12973/eu-jer.11.3.1441 
 

Introduction 

Assessment is an important activity that needs to be administeredby teachers in schools. The conventional paradigm 
often interprets assessment as a way to find out the achievement of student learning outcomes as a whole, so that the 
assessment is positioned as a separate activity from the learning process (Syaifuddin, 2020). Referring to the current 
paradigm, assessment in schools was divided into three types, e.g., assessment as learning, assessment for learning, and 
assessment of learning (Wulan, 2018). The three types of assessments aim to provide recognition of the achievement of 
student learning outcomes after the learning process (Earl, 2013).Belowisthe assessment pyramid (Figure 1). 

 

Figure 1. Assessment Pyramid 

Assessment can be administeredthrough atest. A test is a tool or procedure used to find out or measure students' 
abilities in particularareas with specific rules (Arikunto, 2012). A test consists of two types, namely multiple-choice and 
essay. A multiple-choice test is a form of assessment in which each item provides options, and one of the options is the 
correct answer. An essay test is a form of assessment that requires answers in sentences or words. Each type of test has 
its own strengths or weaknesses. The strengths of multiple-choice test over essaytestarefirstly,the test can be 
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conducted for many students, itis more objective, and the test results can be obtained more quickly. In addition to the 
strengths,ithasseveral weaknesses.The multiple-choice test is not able to portraythe actual abilities of students, the 
answers of thistesttend to be guessing gamesor trialanderror(Rosidin, 2017). In addition, the strength of the multiple-
choice test has a scoring certainty compared to the essay test, namely 1 and 0 (score 1 for the correct answer, and 0 for 
the wrong answer). A multiple-choice test with only two answer choices is called a "dichotomous test," and a multiple-
choice test with more than two answer choices is called a "polytomous test"(Kartono, 2008). 

Until quite recently, multiple-choice test has been widely used by teachers to assess students' abilities, especially those 
with a large number and a wide area of expertise. To reduce the weakness of multiple-choice test, in the last four 
decades, experts have developed multiple-choice test by combining multiple-choice test and essay into multiple-choice 
test with reasons orhenceforthcalled as polytomous response test(Suwarto, 2012). The polytomous response test score 
ranges from 1 – 4in which score 4 for the correct answer and reason, score 3 for the correct answer but the wrong 
reason, score 2 for the wrong answer but the correct reason, and score 1 for the wrong answer and reason(Kartono, 
2008). 

In the 1980s, the first test that was focused on and developed by experts was the closed polytomous response test, also 
known as the two-tier test(Treagust, 1988). This test consists of two levels: the first is choosing answers on the 
multiple-choice test, and the second level is choosing reasons based on the answer choices at the first level 
(Chandrasegaran et al., 2007).  Several studies on the closed polytomous response test have been carried out, such as a 
test on mathematical ability in middleschool (Hilton et al., 2013; Rovita et al., 2020), a test on calculus material 
(Khiyarunnisa&Retnawati, 2018), test on higher order thinking mathematical skills (Sundari, et al., 2021), and test on 
mathematical connection material (Lestari et al., 2021). Although the closed polytomous response test has been widely 
developed, researchers have found weaknesses in the test, such as students' misconceptions or students' actual 
competencecannot be identifiedin detail (Antara et al., 2019), the test instrument is difficult to construct (Khusnah, 
2019), and student answers are still guessed (Myanda et al., 2020). However, there are strengths in the closed 
polytomous response test, such as the consistency of student answers errors, which is easily observed(Treagust, 1988), 
and the suitability between the student's answer choices and the reason is easy to know (Diani et al., 2019). 

To reduce the weakness of the closed polytomous response test, the experts modified the test into an open polytomous 
response test. The open polytomous response test is a form of multiple-choice test that provides a place to write 
arguments for the answer choices (Retnawati, 2014). The studies on the open polytomous response test that have been 
carried out are test on calculus material in universities (Yang et al., 2017) and test on mathematics material in senior 
schools(Ayanwale, 2021) and junior schools (Falani et al., 2020). These studies developed open polytomous response 
tests for students in college and senior or junior school. Students in college and senior or junior school learn 
mathematics as a primary subject, while students in vocational schools learn mathematics as a secondary subject 
(Oktaria, 2016). In addition, students in vocational schools are more oriented towards practical abilities and skills, in 
contrast to students in college or high school who are more academically oriented, including in Indonesia 
(Permendikbud, 2016). 

Currently, the Indonesian government expectsthatvocational schoolsis notacademicallyleft behind especially in 
mathematics. The government's commitment is to improve the methodof assessing student learning in vocational 
school, and the currentassessment method is usingpolytomous test. Often, students pay less attention during math 
exams for several reasons, such as considering mathematics as an unimportant subject (Putri et al., 2017), mathematics 
as a complicated subject (Vani et al., 2019), and mathematics as a boring subject (Ikmawati, 2020). 
Therefore,thestudents tend to answer the test by guessing. To avoid the tendencies, it is necessary to develop a 
polytomous response test (closed or open). Byconsidering the disadvantages of the closed polytomous response test, it 
is reasonable to conduct research by developing open polytomous response test for students in vocational schools. 

The test instrumentdeveloped must be reliable as a good test, and thereforeit isnecessary to analyze the quality of test 
items(Rosidin, 2017). There are two theories for analyzing the item quality, namely classical and modern. Classical 
theory is a measurement theory for assessing test based on the assumption of measurement errors between actual 
results and observations, and from the assumption, aformula for calculating the level of difficulty and item 
discrimination was developed (Hambleton & Jones, 1993). The modern theory is a measurementtheory to assess 
students' abilities by comparing students' abilities with their group abilities, and itis known as Item Response 
Theory/IRT (Hambleton & Linden, 1982). Classical theory is widely used by teachers because it is easy to apply. 
However, this classical theory has a weakness, namely, it cannot separate the characteristics of students and items. The 
modern theory is a solution to overcome the weaknesses of the classical theory because, in the modern theory, an item 
does not affect other items (local independence), items only measure one dimension (unidimensional) (Anisa, 2013), 
and an item eliminates the relationship between respondents and items (parameter invariance) (Saepuzaman et al., 
2021). Therefore, experts suggest that the test instrument is accountable; the quality of the items must be good 
according to the analysis of classical and modern theory (Retnawati, 2014). 

Therefore, the aim of the research is to develop a good mathematical test instrument using polytomous responses 
according to classical and modern theories in vocational schools. The research problems are stated as follows:(1) Does 
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the open polytomous response test developed have a good category so that it can be used as an assessment instrument 
in vocational schools based on classical and modern theory?and (2) Does the open polytomous response test 
instrument developed provide information on students' actual competence in vocational schools? 

Methodology 

Research Design 

This research is a research and development modelthat refers to Plomp’s (2013) model, with the research procedure 
consisting of five stages: preliminary investigation, design, realization or construction, test phase, revision, and 
implementation (test). 

 

 

 

 

 

Figure 2. Stages of Research Design 

The preliminary investigation stage is to identify the currentassessment instruments used by teachers. The design stage 
is to make the open polytomous response test grid according to the basic competencies of mathematical concepts and 
to make a quality assessment questionnaire sheet. The realization/construction stage is developing the items test 
validated by an expert process for the items test. The revision stage is the improvement of items on the test based on 
expert advice. The implementation (testing) stage is to try out the test on students and toanalyze the results of the test. 

Research Subject 

The subjects of the study were students of vocational schools situatedin the province of Lampung, Indonesia. The 
research sample was determined using a non-probability sampling technique in the form of accidental sampling, which 
means taking a subject based on a subject that is easy to find and ready to be a respondent(Malhotra, 2006). The 
selected schools were three schools as representatives, namely the Mitra Bhakti vocational school, the PrajaUtama 
vocational school, and the Ma'arif NU vocational school. The research subjects were 413 students in grade I (male 
students = 191, and female students = 222), whose mathematical abilities on the National Exam (NE) were categorized 
as moderate (average 64.67 out of the ideal score of 100). The following are the characteristics of the research subjects 
in detail shown in Table 1. 

Table 1. Research Subjects 

Vocational Schools Grade 
The Number of Students 

Average of NE 
Total Male  Female 

Mitra Bhakti 
I-A 13 5 8 64.24 
I-B 23 10 13 62.4 
I-C 29 9 20 65 

Praja Utama 

I-A 40 40 0 64 
I-B 39 39 0 64.62 
I-C 43 15 28 68.72 
I-D 38 15 23 67.9 
I-E 41 14 27 67.56 
I-F 40 17 23 63.38 
I-G 40 8 23 67.74 

Ma’arif NU 
I-A 31 14 17 62.1 
I-B 36 5 51 58.34 

Total 413 191 222  64.67 

Data Collection Techniques 

Data were collected using a questionnaire and a test. The questionnaire contains several questions to the teacher about 
the instrument for assessment used by the teacher and also expert validity of the instrument developed to determine 
content validity (Suhaini et al., 2021). The instrument was validated by two raters who have expertise in mathematics 
and educational evaluation. The three aspects assessed by the expert were the suitability of the items with the 

Realization/construction Design Preliminary investigation 

Implementation (Test) Revision 
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indicators, language, and alternative answers to the questions. The score validating the instrument follows the criteria 
as in Table 2 below. 

Table 2. Content Validity Score 

Description Score 
Irrelevant 1 
Quite relevant 2 
Relevant 3 
Very relevant 4 

After determining the content validity, the instrument was tested to students. Then, it was continued by determining 
the validity of the construct and its reliabilityto ensure that the instrument could be further analyzed. 

The instrument used was the open polytomous response test, which consisted of 40 questions on the concepts of 
sequences and series (arithmetic and geometry), quadratic equations and functions, and matrices. Each item contained 
five answer choices along with the reasons. Student scores arereferred to the polytomous score in the Partial Credit 
Model, where answer choices and reasons were related(Retnawati, 2014), as shown in Table 3 below. 

Table 3. Scores for Student Answers 

Student Answers 
Score 

Answer Options Reason 
False False 1 
False Right 2 
Right False 3 
Right Right 4 

Data Analysis 

The collected data were analyzed in two stages: (1) questionnaire data analysis (qualitative analysis) and (2) test data 
analysis (empirical analysis).The following is an explanation of each data analysis: 

1. Questionnaire data analysis (qualitative analysis) 

There are two sets of questionnaire datanamely, identification of assessment instruments in schools and expert 
assessment of the assessment instruments developed. The results of the two questionnaires were analyzed 
descriptively. Specifically, for expert judgment, it was continued with an analysis of expert agreement that used the 
Gregory index formula (Gregory, 2015), namely: 

 V = 
𝐷

𝐴+𝐵+𝐶+𝐷
 

Description: 

 V = Content Validity 

 A = Rater 1 and 2 are weak 

 B = Rater 1 is strong, and rater 2 is weak 

 C = Rater 1 is weak, and rater 2 is strong 

D = Rater 1 and 2 are strong 

The interpretation of Gregory's formula is that the number V is in the range of 0 to 1. The higher thenumber V (close to 
1 or equal to 1), the higher the value of the validity of an item. Conversely, the lower the number V (close to 0 or equal 
to 0), the lower the validity of an item. 

2. Test data analysis (empirical analysis) 

After conductingthe content validity test, the researchersconductedthe construct validity and reliability test. The 
construct validation test used exploratory factor analysis. The instrument is considered to havinggood construct if the 
explained Kaiser-Meyer-Olkin (KMO) value is greater than 0.5 (Retnawati, 2014). Reliability test using Cronbach's 
alpha formula. The instrument is said to have good reliability if the coefficient value of Cronbach's alpha is 
0.60(Arikunto, 2012). If the instrument has good construct validation, further test can be analyzed, namely the level of 
difficulty and item discrimination. The reason for analyzing the level of difficulty and item discrimination is that they 
are both preliminary analyses of the assumptions of measurement theory (Hambleton & Jones, 1993). To simplify the 
process of analyzing the level of difficulty and item discrimination, the Iteman program was used for classical theory 
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and the Winsteps program for modern theory (Sarea& Ruslan, 2019). The Winsteps program was used because it had 
several advantages; namely, it can analyze polytomous data and calculate the maximum likelihood model using a 1-
parameter logistic model (Untary et al., 2020). 

2.1.Analysis oftestdata with classical theory 

a. The item difficulty level is the percentage of the number of students who answered correctly or incorrectly. If 
the item has an index of 0.3-0.7, then the item is good; if the item has an index below 0.3, then the item is 
difficult; and if the item has an index above 0.7, then the item is easy. 

b. Discrimination is the ability of a test to distinguish between high-ability students and low-ability students. 
Discrimination is said to be good if it has an index above 0.3, and if the discrimination index is below 0.3, then 
the question needs to be revised (Arikunto, 2012). 

2.2. Analysis of test data with modern theory 

a. The item difficulty level is the level of the student's latent trait towards the item. The difficulty of the items 
determines the ability of about 50% of the respondents who are expected to answer items correctly (DeMars, 
2010). An item is said to be good if it has an index of between -2 and +2 (Hambleton & Swaminathan, 1985). If 
the index is close to -2, then the item is classified as very easy, and if the index is close to +2, the item is 
classified as very difficult (Retnawati, 2014). In the Winsteps program, the item difficulty level is in the 
Measure column. 

b. Item discrimination is indicated by the slope of the curve on the item characteristics. The item is said to have 
good discrimination if the slope of the curve is moderate (not too gentle or steep) because if the slope of the 
curve is too gentle or steep, then the item is not good. Another opinion states that a good index is above 0.4 
(Crocker &Algina, 1986). In the Winsteps program, the item discrimination is in the Pt-Measure Correlation 
column. 

According to modern theory, before analyzing the item difficulty level and discrimination, three assumptions must be 
tested, namely unidimensionality, local independence, and model fit (Hambleton et al., 1991). Unidimensional means 
that each test item only measures one ability. There are three ways that are often used to test unidimensionality, 
namely the analysis of the Eigenvalue of the correlation matrix between items, the Stout-test on the unidimensional 
assumption test, and the index based on the residuals of the unidimensional solution (DeMars, 2010). In this study, the 
dimensional test used the Eigenvalue analysis of the correlation matrix between items. 

Local independence is the state of the respondent's answer to an item that is not influenced by other items. Local 
independence test by proving that the probability of the respondent's answer pattern is the same as the probability of 
the respondent's answer to each item. If the unidimensional assumption is accepted, the local independence 
assumption will also be accepted (DeMars, 2010). Use the Model Fit Test to find out whether the model used is in 
accordance with the items. Test the fit of the model by measuring the outfit mean square (MNSQ) and PT-Measure. If 
the outfit’s MNSQ value is 0.5 to 1.5 and the Pt-Measure Correlation is positive, it is said that the item fits the model 
(Linacre, 2012). In addition, the information function and standard error measurement (SEM) are analyzed, which aims 
to further explain the latent ability as measured by using a test that is expressed through item donations. 

Results 

Analysis of Questionnaire Data 

Based on the results of the questionnaire, it was found that the teacher had never used the polytomous response. As 
many as 80% of teachers used essay tests and 20% of teachers used multiple-choice tests, with each instrument 
consisting of 2-5 items. In addition, about 10% of teachers used this assessment as a means for learning improvement, 
such as improving lesson plans and teaching methods. The results of the questionnaire stated that 90% of teachers who 
did not use assessment as an improvement in learning were caused by several aspects, such as teachers did not 
understand assessment (20%), teachers did not know how to analyze assessments (50%), and teachers did not know 
how to develop good assessment questions (30%). The following is the summary of the questionnaire from the 
identification data. 
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Figure 3. Description of Teacher Conditions in Assessment 

Content Validity 

The results of the two expert assessments showed that the content validation instrument is good. Furthermore, the 
analysis of expert judgment agreement was obtained as shown in Table 4 below. 

Table 4. The Gregory Item Index 

 Rater 1 
Weak strong 

Rater 2 
weak 0 0 
strong 0 40 

Index Gregory 1 

Based on the results of the assessment in Table 4, it can be concluded that the instrument is valid because the value of V 
reaches a value of 1. Therefore, the instrument test can be continued. In addition to providing assessments, the experts 
also provided some suggestions for improvements to the instrument, namely the preparation of questions using the 
ABCD format (Audience, Behavior, Competence, and Degree), avoiding the use of ambiguous language or statements, 
improving mathematical concepts, making alternative answer choices that are misleading, and arranging them in order.  

Analysis of Test Data 

Construct Validity 

After testing the instrument, it was followed by a construct validity test. The results of the test with exploratory factor 
analysis are shown in Table 5. 

Table 5. Exploratory Factor Analysis 

KMO and Bartlett's Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
Bartlett's Test of Sphericity Approx. Chi-Square 1936.378 

Df 780 
Sig. .000 

Based on Table 5, the explained KMO value is 0.76 (more than 0.5), and it can be concluded that the variables and 
samples used to allow for further analysis. 

Reliability 

The results of the estimation of the reliability of the instrument obtained a Cronbach's alpha coefficient value is 0.89 
(more than 0.6). It means that the instrument has good reliability so that the analysis of the level of difficulty and item 
discrimination can be continued according to classical and modern methods. 

Table 6. Reliability of Items 

Cronbach’s Alpha N of Items 
0.892 40 
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Analysis of Test Data with Classical Theory 

Analysis of test data in the classical way did not require testing assumptions, but the analysis of the difficulty level of 
the items and the distinguishing power of items could be directly calculated if the validity and reliability have been met. 
The results of the two analyses are presented in Table 7 below. 

Table 7. The Item Difficulty Level and Discrimination 

Item Difficulty 
Level 

Category Discrimi
nation 

Category Item Difficulty 
Level 

Category Discrimi
nation 

Category 

1 0.538 Good 0.196 Revised 21 0.482 Good 0.143 Revised 
2 0.487 Good 0.179 Revised 22 0.535 Good 0.429 Good 
3 0.528 Good 0.214 Revised 23 0.492 Good 0.250 Revised 
4 0.540 Good 0.304 Good 24 0.438 Good -0.071 Revised 
5 0.489 Good 0.089 Revised 25 0.436 Good -0.107 Revised 
6 0.446 Good -0.161 Revised 26 0.385 Good -0.286 Revised 
7 0.438 Good -0.232 Revised 27 0.383 Good -0.321 Revised 
8 0.453 Good -0.143 Revised 28 0.416 Good -0.143 Revised 
9 0.414 Good -0.143 Revised 29 0.458 Good -0.125 Revised 

10 0.409 Good -0.339 Revised 30 0.385 Good -0.375 Revised 
11 0.438 Good -0.143 Revised 31 0.404 Good -0.321 Revised 
12 0.436 Good -0.036 Revised 32 0.433 Good -0.250 Revised 
13 0.400 Good -0.321 Revised 33 0.441 Good 0,036 Revised 
14 0.450 Good -0.036 Revised 34 0.424 Good -0.268 Revised 
15 0.462 Good 0.250 Revised 35 0.412 Good -0.321 Revised 
16 0.453 Good -0.089 Revised 36 0.431 Good -0.304 Revised 
17 0.416 Good -0.143 Revised 37 0.404 Good -0.232 Revised 
18 0.419 Good -0.196 Revised 38 0.363 Good -0.482 Revised 
19 0.431 Good -0.232 Revised 39 0.230 Good -0.929 Revised 
20 0.441 Good -0.089 Revised 40 0.211 Good -1.071 Revised 

Based on Table 7, it was found that all items have an item difficulty level in the index range of 0.3 to 0.7, so they are 
categorizedin the good category. Meanwhile, only two items on discrimination had good categories, and the remaining 
items needed to be revised. The results indicated that all items were good based on the level of difficulty, butalmostall 
items needed to be revised for item discrimination. 

Analysis of Test Data with Modern Theory 

The Unidimensional Assumption Test 

The unidimensional assumption test is the first assumption test with factor analysis. Factor analysis begins by testing 
the adequacy of the sample to be used in the analysis, constructing a variance-covariance matrix, and then calculating 
the Eigenvalue. The Eigenvalue was then used to calculate the percentage of explained variance, as well as to describe 
the scree plot (Retnawati, 2014). The output of factor analysis was the Kaiser-Meyer-Olkin Measure of Sampling 
Adequacy (KMO) statistic and scree plot. 

Table 8. The KMO Test 

KMO Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
 Sig. .000 

The unidimensional test is seen based on the cumulative percentage of Eigenvalue and scree plot analysis results. If the 
cumulative percentage of the first-factor Eigenvalue is greater than 20%, then the unidimensional assumption is 
fulfilled (Retnawati, 2014). In Table 9, it can be seen that the cumulative percentage of the first-factor Eigenvalue is 
20.220%. Because the Eigenvalue is more than 20%, this instrument is proven to only measure one factor or 
dimension. 

Table 9. Total Variance Explained 

Component 
Initial Eigenvalue 

Total Variance (%) Cumulative (%) 
1 8.088 20.220 20.220 
2 1.458 3.646 23.865 
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In addition, the unidimensional test can also be seen on the scree plot, which is based on the number of factors marked 
by the steepness of the graph with the acquisition ofEigenvalue. 

 

Figure 4. Scree Plot Unidimensional 

Based on the scree plot, it is known that the Eigenvalue immediately slope on the second factor. It demonstrates that 
the developed instrument has only one dominant factor. The results prove that the test kit meets the unidimensional 
assumption, or in other words, only measures one dominant factor. 

Local Independence Assumption Test 

The local independence assumption test will be fulfilled if the student's answer to one item does not affect the student's 
answer to another item. Thus, the score of one item should not be determined or dependent on the scores of other 
items. This confirms that this assumption automatically proves that students' answers do not affect answers to other 
items (Retnawati, 2014). 

Table 10. The Covariance Matrix. 

 K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 
K1 0.0486          
K2 0.012 0.0042         
K3 0.0105 0.0034 0.0032        
K4 0.0317 0.0106 0.0093 0.0293       
K5 0.01 0.0032 0.0029 0.0085 0.0028      
K6 0.0069 0.0023 0.0021 0.0062 0.002 0.0016     
K7 0.0036 0.0011 0.0009 0.0028 0.0009 0.0007 0.0004    
K8 0.0041 0.0015 0.0012 0.0037 0.0011 0.0008 0.0004 0.0006   
K9 0.0074 0.0024 0.0022 0.0065 0.002 0.0015 0.0007 0.0009 0.0017  

K10 0.021 0.0061 0.0054 0.0148 0.0051 0.0039 0.0017 0.0025 0.0043 0.0196 

Table 10 shows the results of the variance-covariance values between groups of students' abilities. In the table, it can 
be seen that the covariance value between the ability interval groups located on the diagonal is small and close to zero. 
This result shows that there is no correlation, so it can be said that the local independence assumption test is accepted. 

Model Fit 

The model fit test was analyzed using the Winsteps program. The item requirements are called "fit to the model."If the 
Outfit MNSQ value is 0.5 to 1.5 and the Outfit ZSTD value is -2 to 2, and the Pt-Measure Correlation is positive, then it 
can be said that the item fits the model (Sumintono&Widhiarso, 2015). An item is considered fit if one of the conditions 
is accepted. In addition, it can also be seen from the MNSQ infit of 0.77 to 1.3, but at this stage, the fit of the model is 
only taken on the MNSQ and Pt-Measure outfit values. Based on the results of the analysis, all items matched the model 
or fit (Figure 5). 
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Figure 5. Item Fit on Model 

The Item Difficulty Level 

The item difficulty level was analyzed using the Winsteps program, and the results obtained were presented in Table 12 
(Measure column). The item difficulty level is in the range of -0.70 to 0.84. From Table 12, the highest difficulty level is 
item 40 (difficulty level 0.84), and the lowest difficulty level is item 1 (difficulty level -0.70). Since the difficulty level is 
in the range of 2 and 2, it can be concluded that all items are in the good category. If further divided into three 
categories, the difficulty level of items in the range of -0.7 to 0.84 is moderate (Sumintono&Widhiarso, 2015). It can also 
be seen on the difficult map items, namely that the difficulty level is in the range of -2 and 2. 

 

Figure 6. Item Difficulty Level 
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Figure 7. Item Difficulty Map 

The Item Discrimination 

The item discrimination analysis used the Winsteps program, and the results are presented in Figure 8 (PT-Measure 
Correlation column). Item discrimination is in the range of 0.23 to 0.74, with details of 27 items having an index above 
0.4 (good category), and 13 items having an index below 0.4 (bad category). However, the 13 items can be used as an 
instrument as long as the index is above 0 (Alagumalai et al., 2005). 

 

Figure 8. Item Discrimination 
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Comparative Analysis Between Classical and Modern Theory 

The results of the analysis of classical and modern theories obtained the index of difficulty level and item 
discrimination as follows. 

Table 11. Comparison of Classical and Modern Theories 

Parameter 
Classical Theory Modern Theory 

Many Items with 
Good Categories 

Percentage Many Items with 
Good Categories 

Percentage 

Difficulty level 40 100 40 100 
Item discrimination 2 0.05 27 67.5 

Based on Table 11, the level of item difficulty analyzed by classical and modern theory has the same results (good 
category). However, item discrimination using modern theory has more items in the good category than classical 
theory. If we compare the index of discriminatory items between classical (Table 7) and modern (Figures 6 and 8), it 
can be seen that there is a match between the categories of item discrimination. It means that if item discrimination is 
not good with the classical theory, then item discrimination is also not good with the modern theory (13 items 
correspond to the item discrimination index, and 27 do not match). 

Information and Measurement Error (SEM) Function 

The function of information to reveal latent ability was measured by using a test that was expressed through item 
donation. The test information function is also the sum of the functions of each item. The information function is 
inversely proportional to measurement error, or standard error measurement (SEM). The value of the information 
function of the test device will be high if the items that make up the test have a high information function. The following 
is a picture of the curve of the relationship between the information function and SEM. 

 

Figure 9. Graph of Information Function and Measurement Error 

Figure 9 shows that this instrument provides information of 22.36 (maximum) and has a measurement error of 0.21 
(smallest) for medium-ability students. The lower and upper limits of the interval are the ability scores where the 
graph of the information function and the SEM graph intersect at that interval. This graph states that the greater the 
value of the information function, the smaller the measurement error (SEM), and the item information function 
expresses the strength or contribution of the test items in revealing the latent trait as measured by the test. This 
information function provides a description of the item according to the model (which helps with item selection) 
(Retnawati, 2014). These results conclude that this test instrument is suitable for students with medium abilities. 

Based on the test results, it can also be seen that the actual competency information of students in the vocational school 
was based on the test answers. Instrument analysis is based on two patterns of student answers that have the same 
tendency based on Bloom's Taxonomy (Bloom, 1956). A total of six student answers were selected as samples with 
different abilities (high, medium, and low). 

Item 1: The cognitive domain to be achieved is C2 (Understanding). Based on students' answers, the two dominant 
patterns of student answers are: (1) students have understood the general form of arithmetic sequences and know the 
first term and other terms, and (2) students have not been able to formulate general forms in arithmetic sequences and 
perform algebraic operations on general forms arithmetic sequence. 
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 Question 1: Pattern 1: Pattern 2: 

 

  

Figure 10. An ExampleofStudent Answers in Item 1 

Item 2: The cognitive domain to be achieved is C2 (understanding). Based on students' answers, the two dominant 
patterns of student answers are (1) being able to understand the number of terms in a sequence by using the general 
formula for an arithmetic sequence, or determining the number of arithmetic sequences without using a general 
formula (only writing down all the terms from the first term until the last term) and (2) students who can already use 
the general formula for arithmetic sequences but have not been able to determine the number of arithmetic sequences 
because of errors in performing algebraic operations on general arithmetic sequences. 

Question2: Pattern 1 Pattern 2 

 
  

Figure 11. An ExampleofStudent Answers in Item 2 

Item 3: The cognitive domain to be achieved is C3 (applying). Based on students' answers, the two dominant patterns 
of student answers are: (1) students have understood and determined the difference between two non-adjacent 
arithmetic sequences using the general formula for arithmetic sequences, and (2) other students can determine the 
number of arithmetic sequences even though they are not using a general formula or by writing the terms of the known 
terms and inserting several terms. 

Question 3: Pattern 1 Pattern 2 

 

 

 

 

Figure 12. An Exampleof Student Answers in Item 3 

Item 4: The cognitive domain to be achieved is C3 (applying). Based on students' answers, the two dominant patterns 
of student answers are: (1) students have understood and can determine the nth term in an arithmetic sequence that is 
known to be two non-adjacent terms using the general formula for arithmetic sequences, and (2) students cannot 
determine the number of arithmetic sequences because it does not use a general formula but by writing the terms of 
the known terms and inserting several terms and continuing until the nth term. 
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Question 4: Pattern 1 Pattern 2 

 

  

Figure 13. An Example of Student Answers in Item 4 

Item 5: The cognitive domain to be achieved is C1 (remembering). Based on students' answers, the two dominant 
patterns of student answers are: (1) students have understood and determined the middle term of an arithmetic 
sequence, and (2) students can determine the middle term of an arithmetic sequence but do not use general formulas, 
but rather by writing the terms from known terms and inserting several terms and then defining them. 

Question 5: Answer Pattern 1 Answer Pattern 2 

 
 

 

Figure 14. An Example of Student Answers in Item 5 

Description of Instrument Development and Student Ability 

The instrument developed from this research is the open polytomous response test, and all parameters have been 
accepted. This instrument is a combination of a multiple-choice test and an essay. Multiple choice test is easier to check 
students' answers, but their mathematical thinking processes cannot be known in depth. While the essay test has the 
advantage of being able to find deeper mathematical thinking processes, it takes a long time to check the answers. 

Analysis of learning instruments is an important source of composite scores in the final report. In the final report, the 
student's ability score was first changed to a score of 0–10 (previously 0–100). The conversion is done through a linear 
transformation by dividing the student's score by the ideal score. Then, the result is multiplied by 10 to get a value 
range of 0–10 or multiplied by 100 to get a value range of 0–100. In the range of 0–10, the scores of students' 
mathematical ability were 8.56 (highest) and 4.31 (lowest), or in the range of 0–100, students' math ability scores were 
85.6 (highest) and 43.1 (lowest). 

The results of the analysis of student abilities are presented in the form of predicates ranging from very low to very 
high according to the specified category. The results of this analysis show that most students have very low to medium 
abilities, as much as 62% (253 students), and the remaining 38% (160 students) have high and very high abilities. 
Other analysis results found that high and very high-ability students tend to work according to concepts with more 
creative completion steps (different from the teacher's example), but students who have very low to medium abilities 
can solve problems according to concepts with less creative completion steps (e.g., routine or according to the teacher's 
example). 

Other results show that the assessment with an open response polytomous makes it easier for teachers to explore 
students' difficulties with a material. Then, from this exploration, the teacher can continue with improvements for 
students who have learning difficulties. An important finding of this study is that information about students' learning 
difficulties through the open polytomous response test is more secondhand and complete than other assessment 
instruments, such as multiple-choice tests(Gierl et al., 2017) or essay tests(Putri et al., 2020). 

Discussion 

This research is development research aimed at developing a good mathematical assessment instrument using 
polytomous responses according to classical and modern theories. The results of the data analysis found that there 
were differences in the results of the analysis between classical theory and modern theory, namely on item 
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discrimination. Classical theory analysis obtained 38 items with bad criteria and only 2 items with good criteria. In 
contrast, modern theory analysis obtained 27 items with good criteria and 13 items with bad criteria. According to 
evaluation theory, modern theory aims to cover the weaknesses of classical theory. The results of the classical theory 
analysis are often categorized as poor, but modern analysis results are categorized as good, and vice versa (Retnawati, 
2014). That is, an item that is not in a good category with classical theory should be analyzed according to the modern 
theory before revising or replacing the item. 

Research on learning assessment with open response polytomous was carried out by Yang et al. (2017). This research 
aims to diagnose student errors in completing calculus material at university. The instrument compares two types of 
test namely the two-tier test and the open polytomous response test. The research findings suggest that the open 
polytomous response test provides more detailed information on student error than the two-level test (see Figure 15). 
The research findings are in line with the results of this study, which states that the open polytomous response test 
provides more detailed information about students' abilities. 

  

Figure 15. An Example of Student Answers on The Two-Tier Test and The Open Polytomous 

Response Test 

Another study on learning assessment with open response polychromous was conducted by 
Ayanwale(2021).Ayanwale's research compares two polytomous response test analysis methods namely the Parallel 
and Partial Credit Model. The results of his research stated that the Partial Credit Model analysis had a first factor 
Eigenvalue of 20.5% (ideal Eigenvalue of more than 20%) compared to the Parallel analysis, which had the first factor 
Eigenvalue of 11.7%. The results of Ayanwale's research are in line with this study, which obtained the first factor 
Eigenvalue of 20.220%, and the author can state that the instrument developed is suitable to be used to assess 
vocational students in Indonesia, maybe even outside Indonesia. 

Other studies related to classical and modern theory were conducted bySarea (2018)and Saepuzaman et al.(2021). 
Sarea's research states that the response polytomous test has good criteria (classical and modern theory), and the 
classical theory analysis has more items than modern theory. Meanwhile, Saepuzaman's research found that the 
response polytomous test had good criteria (classical and modern theory), and the modern theory analysis had more 
items than classical theory. 

The results of the analysis of student answers obtained information that there were two patterns of students' solving 
questions: (1) formulasand (2) trial and error. Students who use formula patterns in solving problems tend to be 
carried out by high-ability students, and students who use trial and error patterns tend to be carried out by students 
with medium and low abilities. Students who use both patterns can answer the questions correctly as shown in Figure 
16 below. 
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(i) 

 

(ii) 

Figure 16. An Example of Student Answer Patterns with (i) Formulas, (ii) Trial and Error 

Both patterns of solving math problems are common ways. This is in line with the opinion of Mason et al. (2010) that 
there are several ways that can be used in solving math problems, namely trial and error, using a drawing or model, 
analogy, and formula. Syahlan(2017) states that two ways that students often use to solve math problems are (1) trial 
and error and (2) formulas. Usually, students use trial and error methods to solve easy problems and formulas methods 
to solve difficult questions. If combined with student answers and Syahlan's opinion, students with medium and low 
abilities in solving easy questions will use trial and error methods, and students with high abilities in solving difficult 
questions will use formulas. 

The results of these student answers can be important information for teachers in teaching mathematics. This means 
that before teaching material, the teacher must know the students' initial abilities (high, medium, or low) and the level 
of difficulty of the material. Some of the benefits for teachers who know students' initial abilities are: teachers can 
develop professionally centered on students  (Gonzalez, 2018), teachers can adjust the level of cognitive and increase 
student learning engagement (Dong et al., 2020), assist teachers in designing pedagogical practices and correcting 
students' misconceptions (Geofrey, 2021).In addition, the benefit for teachers who know the level of difficulty of a 
material is that they can design remedial learning plans(Muhson et al., 2017; Wulanningtyas et al., 2020).The 
description above shows that there are many benefits that the teacher will get if the teacher knows the students' actual 
abilities, and this can be known by the teacher if the teacher uses the open polytomous response test. 

Conclusion 

Based on the results of the research and discussion, it can be concluded that (1) the open polytomous response test has 
a good category according to classical and modern theory. Thus, the test instrument requirements are accountable 
(qualifies for a good test) is a good test instrument according to the analysis of the two theories (classical and modern 
theory), and (2) the open polytomous response test can provide information on the actual competence of students; this 
is observed in the students' arguments in giving reasons for their choices. This is observed in the students' arguments 
when giving reasons for their choices. Therefore, the open polytomous response test can be used as an alternative to 
learning assessment. 

Recommendation 

Based on the research results, there are several recommendations for teachers, schools, and other researchers. For 
teachers, they should familiarize students with giving a test in the form of a polytomous response before giving the test. 
In schools, principals or other leaders should encourage other teachers to take advantage of this test and develop other 
assessment instruments. For other researchers, they should conduct research by developing instruments with other 
polytomous responses (assessment of learning and assessment as learning) on other materials. In addition, for further 
research, it is suggested to conduct a study that develops an assessment instrument with a learning response 
polytomous (pretest). This is important so that students' prior knowledge can be known and learning can be effective. 
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Limitations 

The research carried out has several limitations. Firstly, the selected schools have not met the researchers' 
expectations, for example, representing schools of high, medium, and low quality. In addition, during the collection of 
research data that begins with learning, it is not fully controlled by the researcher, so the students who are the research 
samples are less conditioned. The research is only limited to algebraic materials (sequences and series, matrices, 
equations, and quadratic functions), and does not represent other mathematical materials, such as geometry and 
statistics. 
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Appendix 

Instrument of the Open Polytomous Response Test 

Name of Student  : ………………………………. 

Class/Department : ………………………………. 

School    : ………………………………. 

 

Instructions:Mark (x) one of the correct answer choices, and give the reason  

(use another piece of paper to write down your reason) 

 

1. Given an arithmetic sequence: 3, 8, 13, 18, 
....The formula for the nth term of the 
sequence is .... 
A. Un = 5n – 3D. Un = 4n – 1 
B. Un = 5n – 2E. Un = 3n + 2 
C. Un = 4n – 1 
 
Reason: ..................................................... 
 

2. Given an arithmetic sequence: 2, 5, 8, 11, 
…,68.The number of terms in the sequence 
is… 

A. 12D.23 
B. 13E.24 
C. 22 
 
Reason: ...................................................... 

3. An arithmetic sequence, the 5th term is 31 
and the 8th term is 46. The difference 
between the sequences is... 
A. 5D.8 
B. 6E.11 
C. 7 
 

Reason: ...................................................... 
 

4. The 4th and 9th terms of an arithmetic 
sequence are 110 and 150. The 30th terms of 
the arithmetic sequence are... 

A. 308D.344 
B. 318E.354 
C. 326 

 
Reason: ............................................................. . 

5. An arithmetic sequence is: 3, 8, 13, 18, …, 
103.Then the middle term of the sequence 
is … 
A. 53D.11  
B. 52E.10 
C. 20 
 

Reason: ....................................................... 
 

6. Given the arithmetic sequence: 4, 10, 16, 22, 
….If two numbers are inserted in every two 

consecutive terms then the 10th term of the 
sequence is... 

A. 18D.24 
B. 20E.26 
C. 22 
 

Reason: ............................................................. .... 
 

7.The nth term of an arithmetic series is Un = 
3n – 5. The formula for the sum of the first 
n terms of theseries is ... 

A. 𝑆𝑛 =
𝑛

2
(3𝑛 − 7)D.  𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

B. 𝑆𝑛 =
𝑛

2
(3𝑛 − 5)E.  𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

C. 𝑆𝑛 =
𝑛

2
(3𝑛 − 4) 

Reason: ......................................................... 
 

8. The sum of the first n terms of an arithmetic 
series.Sn = n2 – 19n. The formula for the nth 
term of the Series is...... 

A. 5n – 20D.2n – 20 
B. 5n – 10E.2n – 10 
C. 2n – 30 
 

Reason: ............................................................. ..... 
 

9.The sum of all integers between 100 and 300 
which are divisible by 5 is ... 
A. 8,200D.7,600 
B. 8,000E.7,400 
C. 7,800 
 
Reason: ........................................................ 
 

10. PT.Angkasa Jaya in the first year produced 
5,000 units. In the second year, production 
was reduced by 80 units per year. In what 
year did the company produce 3,000 units? 
A. 24D.27 
B. 25E.28 
C. 26 
 
Reason: ............................................................... 

11. The middle term of an arithmetic sequence 12. A number of candies are distributed among 
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is 25.If the difference is 4 and the 5th term 
is 21.Then the sum of all the terms in the 
sequence is ... 
A. 175D.295 
B. 189E.375 
C. 275 
 
Reason: ........................................................ 
 

five children according to the rules of an 
arithmetic sequence. The younger the child, 
the more candy he gets. If the second child 
receives 11 pieces of candy and the fourth 
child 19 pieces, then the total number of 
candies is... pieces 
A. 60D.75 
B. 65E.80 
C. 70  
 
Reason: ........................................................ ......... 

 
13. The sum of the first n terms of a series 

is2n2-n.So the 12th term of the series is... 
A. 564D.45 
B. 276E.36 
C. 48 
 
Reason: ...................................................... ............. 
 

14. The number of terms in 
thegeometricsequence:3, 6, 12, ..., 3072 is ... 
A. 9D.12 
B. 10E.13 
C. 11 

 
Reason: ................................................................... 
 

15. A geometric sequence has the 2nd term is 
8, and the 5th term is 64. The 7th term of 
the sequence is ... 
A. 32D.256 
B. 64E.512 
C. 128 
 
Reason: ................................................................... 
 

16. The value of the middle term of the 
geometric sequence:  
6, 3, …, 3/512is … 

A.
1

16
D.

4

16
 

B.
2

16
E.

5

16
 

C.
3

16
 

Reason: ............................................... 
 

17. A piece of wire is cut with the first piece 
being 8 cm, and the next piece 1.5 times the 
previous cut. Then the 5th piece is... cm 
A. 18D.35 
B. 24E.40.5 
C. 27.5 
 
Reason: ...................................................... .............. 

 

18. The sum of an infinite geometric series is 12 
and the first term is 9. The ratio is ... 

A. 
3

4
D. −

1

2
 

B. 
1

4
E. −

3

4
 

C. 
1

3
 

 
Reason: ............................................................. ..... 
 

19. A ball falls from a height of 10 m and 
bounces back 3/4 times its previous height. 
The total number of paths until the ball 
stops is.... m 
A. 60D. 90 
B. 70E. 100  
C. 80  

 
Reason: ........................................................ 

 

20. Given[4 8 5
6 3 1

] = [2𝑎 𝑏 + 𝑎 5
6 3 1

].  

 
The value of 3a + b is ... 
A. 8D. 14 
B. 10E. 20 
C. 12 

 
Reason: ......................................................... 

21. Given 𝐾 = [
𝑎 2 3
5 4 𝑏
8 3𝑐 11

]and  

𝐿 = [
6 2 3
5 4 2𝑎
8 4𝑏 11

].If K = L, then cis ... 

A. 12D. 15 
B. 13E. 16 
C. 14 

 
Reason: ...................................................... .......... 
 

22. Given𝐴 = [1 2
3 4

] , 𝐵 = [2 3
0 1

], 

 𝐶 = [
5 2

−1 0
].Then (A + C) – (A + B) is ... 

 A. [5 4
5 4

] D. [ 3 −1
−1 −1

] 

B. [
4 7
2 5

] E. [7 −1
1 −1

] 

D. [
4 0

−4 −4
] 

 
Reason: ........................................................ ............. 
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23. Given matrix 𝑃 = [
1 3 1
2 4 5
0 7 6

], then (𝑃𝑡)𝑡is... 

A. [
1 2 0
3 3 7
1 5 6

]D. [
0 7 6
2 4 5
1 3 1

] 

B. [
1 3 1
3 3 7
1 5 6

]E. [
0 7 6
2 4 5
1 3 1

] 

C. [
1 3 1
2 4 5
0 7 6

] 

 
Reason: ................................................................. 

 

24. Given matrix𝐴 = [
2𝑥 −5
3 𝑦

], 𝐵 = [
𝑦 2
2 4

], 

and 𝐶 = [8 −3
5 2𝑥

].  

 
If A + B = C, then x + y = ... 
A. –5D. 3  
B. –1E. 5 
C. 1 
 
Reason: ........................................................ .. 
 

25. If 𝐴 = [3 5] and 𝐵 = [1 4
2 6

], then 2AB is... 

A. [13 42]D. [13 84] 
B. [26 84]E. [30 36] 
C. [26 42] 

 
Reason: ................................................................... 

 
 

26. If 𝐴 = [ 1 −3
−2 4

], 𝐵 = [−2 0
1 3

],and  

𝐶 = [3 −1
1 −2

]then A(B – C) = ... 

 

A. [−5 −14
10 18

]D. [
1 −2

−2 2
] 

B. [−5 −4
10 6

]E. [
−7 19
−2 20

] 

C. [
1 −16

−2 22
] 

 
Reason: .......................................................... 
 

27.  Matrix X that satisfies [
1 2
3 4

] 𝑋 = [4 3
2 1

] 

is ... 

A. [−6 −5
5 4

]D. [
4 −2

−3 1
] 

B. [5 −6
4 5

]E. [
4 −2

−3 1
] 

C. [−6 −5
4 5

] 

 
Reason: ...................................................... ...... 
 

28. If matrix𝐴 = [3 −𝑥
6 8

] is singular matrix.  

Value of x that satisfies is …. 
 
A. – 5D.3 
B. – 4E.4 
C. – 3 

 
Reason: ........................................................... 

 

29. Given matrix A = [
0 2 3

−2 0 4
−3 −4 0

], then 

matrix determinant A is ... 
A. 0D.2 
B. 1E.4 
C. 2 
 
Reason: ................................................................ 

 
 

30. Transpose matrix Pis PT. IfP = [
4 7
3 5

] then 

matrix (PT) – 1is ... 

A. [−5 7
3 −2

] D. [−3 5
4 −7

] 

B. [ 3 −4
−5 7

] E. [ 4 −3
−7 5

] 

C. [
−5 3
7 −4

] 

 
Reason: ........................................................ ........... 

31. Given 𝐴 = [4 3
2 2

]and𝐵 = [5 2
3 1

].  

Inverse matrix (AB) – 1 = ... 
 

A.
1

2
[
−6 11
16 −29

] D. −
1

2
[

6 11
16 29

] 

B.
1

2
[29 11
16 6

] E. −
1

2
[−6 11

16 −29
] 

C. −
1

2
[29 11
16 6

] 

 
Reason: ...................................................... ......... 
 

32. The roots of the quadratic equation 3 and 
– 4 are ... 
A. 𝑥2 + 𝑥 − 12 = 0 
B. 𝑥2 − 𝑥 − 12 = 0 
C. 𝑥2 − 𝑥 + 12 = 0 
D. 𝑥2 − 3𝑥 + 4 = 0 
E. 𝑥2 − 4𝑥 + 3 = 0 
 
Reason: ........................................................ ............. 

33. The roots of the quadratic equation 34. The roots of the equation𝑥2 − 2𝑥 − 3 = 0 
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5𝑥2 + 4𝑥 − 12 = 0 are … 

A. −2and
5

6
D. −2and−

6

5
 

B. 2and−
5

6
E. −2and

6

5
 

C. 2and
6

5
 

 
Reason: ................................................................. 
 

are 𝑥1 and𝑥2.If 𝑥1 > 𝑥2, then 𝑥1 − 𝑥2is … 
A. −4D. 2 
B. −2E. 4 
C. 0 

 
Reason: .......................................................... 

35. The roots of the quadratic equation: 
2𝑥2 − 3𝑥 − 9 = 0 are 𝑥1 and𝑥2. Value of 
𝑥1

2 + 𝑥2
2is … 

A. 11
1

4
D. −6

3

4
 

B. 6
3

4
E. −11

1

4
 

C. 2
1

4
 

 
Reason: .............................................................. 
 

36. The roots of the quadratic equation:  
𝑥2 + 2𝑥 + 3 = 0 are α and β. The quadratic 
equation(α – 2) and (β – 2) is … 
A. x2 + 6x + 5 = 0 
B. x2 + 6x + 7 = 0 
C. x2 + 6x + 11 = 0 
D. x2 − 2x + 3 = 0 
E. x2 + 2x + 11 = 0 
 
Reason: ......................................................... 
 

37. A quadratic function that has a minimum 
value 2 for x = 1 and has a value of 3 for x = 
2 is … 
A. 𝑦 = 𝑥2 − 2𝑥 + 1 
B. 𝑦 = 𝑥2 − 2𝑥 + 3 
C. 𝑦 = 𝑥2 + 2𝑥 − 1 
D. 𝑦 = 𝑥2 + 2𝑥 + 1 
E. 𝑦 = 𝑥2 + 2𝑥 + 3 
 
Reason: ............................................................. 
 

 

38. The figure below is a graph of the quadratic 
equation? … 
A. 𝑦 = 𝑥2 + 2𝑥 + 3 
B. 𝑦 = 𝑥2 − 2𝑥 − 3 
C. 𝑦 = −𝑥2 + 2𝑥 − 3 
D. 𝑦 = −𝑥2 − 2𝑥 + 3 
E. 𝑦 = −𝑥2 + 2𝑥 + 3 

 
Reason: ......................... 

39. If f is a quadratic function whose graph 
passes through the points (1,0), (4,0) and 
(0, –4) then the value of f(7) is … 
A.  – 16D. – 19 
B. – 17E. – 20 
C. – 18 
 
Reason: ...................................................... 
 

40. The graph equation of a quadratic function 
has an extreme point (–1, 4) and through (0, 
3) is … 

A. 𝑦 = −𝑥2 + 2𝑥 − 3D. 𝑦 = −𝑥2 − 2𝑥 − 5 
B. 𝑦 = −𝑥2 + 2𝑥 + 3E. 𝑦 = −𝑥2 − 2𝑥 + 5 

 C. 𝑦 = −𝑥2 − 2𝑥 + 3 
 
Reason: ........................................................ ...... 
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Introduction 

Assessment is an important activity that needs to be administeredby teachers in schools. The conventional paradigm 
often interprets assessment as a way to find out the achievement of student learning outcomes as a whole, so that the 
assessment is positioned as a separate activity from the learning process (Syaifuddin, 2020). Referring to the current 
paradigm, assessment in schools was divided into three types, e.g., assessment as learning, assessment for learning, and 
assessment of learning (Wulan, 2018). The three types of assessments aim to provide recognition of the achievement of 
student learning outcomes after the learning process (Earl, 2013).Belowisthe assessment pyramid (Figure 1). 

 

Figure 1. Assessment Pyramid 

Assessment can be administeredthrough atest. A test is a tool or procedure used to find out or measure students' 
abilities in particularareas with specific rules (Arikunto, 2012). A test consists of two types, namely multiple-choice and 
essay. A multiple-choice test is a form of assessment in which each item provides options, and one of the options is the 
correct answer. An essay test is a form of assessment that requires answers in sentences or words. Each type of test has 
its own strengths or weaknesses. The strengths of multiple-choice test over essaytestarefirstly,the test can be 
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conducted for many students, itis more objective, and the test results can be obtained more quickly. In addition to the 
strengths,ithasseveral weaknesses.The multiple-choice test is not able to portraythe actual abilities of students, the 
answers of thistesttend to be guessing gamesor trialanderror(Rosidin, 2017). In addition, the strength of the multiple-
choice test has a scoring certainty compared to the essay test, namely 1 and 0 (score 1 for the correct answer, and 0 for 
the wrong answer). A multiple-choice test with only two answer choices is called a "dichotomous test," and a multiple-
choice test with more than two answer choices is called a "polytomous test"(Kartono, 2008). 

Until quite recently, multiple-choice test has been widely used by teachers to assess students' abilities, especially those 
with a large number and a wide area of expertise. To reduce the weakness of multiple-choice test, in the last four 
decades, experts have developed multiple-choice test by combining multiple-choice test and essay into multiple-choice 
test with reasons orhenceforthcalled as polytomous response test(Suwarto, 2012). The polytomous response test score 
ranges from 1 – 4in which score 4 for the correct answer and reason, score 3 for the correct answer but the wrong 
reason, score 2 for the wrong answer but the correct reason, and score 1 for the wrong answer and reason(Kartono, 
2008). 

In the 1980s, the first test that was focused on and developed by experts was the closed polytomous response test, also 
known as the two-tier test(Treagust, 1988). This test consists of two levels: the first is choosing answers on the 
multiple-choice test, and the second level is choosing reasons based on the answer choices at the first level 
(Chandrasegaran et al., 2007).  Several studies on the closed polytomous response test have been carried out, such as a 
test on mathematical ability in middleschool (Hilton et al., 2013; Rovita et al., 2020), a test on calculus material 
(Khiyarunnisa & Retnawati, 2018), test on higher order thinking mathematical skills (Sundari, et al., 2021), and test on 
mathematical connection material (Lestari et al., 2021). Although the closed polytomous response test has been widely 
developed, researchers have found weaknesses in the test, such as students' misconceptions or students' actual 
competencecannot be identifiedin detail (Antara et al., 2019), the test instrument is difficult to construct (Khusnah, 
2019), and student answers are still guessed (Myanda et al., 2020). However, there are strengths in the closed 
polytomous response test, such as the consistency of student answers errors, which is easily observed(Treagust, 1988), 
and the suitability between the student's answer choices and the reason is easy to know (Diani et al., 2019). 

To reduce the weakness of the closed polytomous response test, the experts modified the test into an open polytomous 
response test. The open polytomous response test is a form of multiple-choice test that provides a place to write 
arguments for the answer choices (Retnawati, 2014). The studies on the open polytomous response test that have been 
carried out are test on calculus material in universities (Yang et al., 2017) and test on mathematics material in senior 
schools(Ayanwale, 2021) and junior schools (Falani et al., 2020). These studies developed open polytomous response 
tests for students in college and senior or junior school. Students in college and senior or junior school learn 
mathematics as a primary subject, while students in vocational schools learn mathematics as a secondary subject 
(Oktaria, 2016). In addition, students in vocational schools are more oriented towards practical abilities and skills, in 
contrast to students in college or high school who are more academically oriented, including in Indonesia 
(Permendikbud, 2016). 

Currently, the Indonesian government expectsthatvocational schoolsis notacademicallyleft behind especially in 
mathematics. The government's commitment is to improve the methodof assessing student learning in vocational 
school, and the currentassessment method is usingpolytomous test. Often, students pay less attention during math 
exams for several reasons, such as considering mathematics as an unimportant subject (Putri et al., 2017), mathematics 
as a complicated subject (Vani et al., 2019), and mathematics as a boring subject (Ikmawati, 2020). 
Therefore,thestudents tend to answer the test by guessing. To avoid the tendencies, it is necessary to develop a 
polytomous response test (closed or open). Byconsidering the disadvantages of the closed polytomous response test, it 
is reasonable to conduct research by developing open polytomous response test for students in vocational schools. 

The test instrumentdeveloped must be reliable as a good test, and thereforeit isnecessary to analyze the quality of test 
items(Rosidin, 2017). There are two theories for analyzing the item quality, namely classical and modern. Classical 
theory is a measurement theory for assessing test based on the assumption of measurement errors between actual 
results and observations, and from the assumption, aformula for calculating the level of difficulty and item 
discrimination was developed (Hambleton & Jones, 1993). The modern theory is a measurementtheory to assess 
students' abilities by comparing students' abilities with their group abilities, and itis known as Item Response 
Theory/IRT (Hambleton & Linden, 1982). Classical theory is widely used by teachers because it is easy to apply. 
However, this classical theory has a weakness, namely, it cannot separate the characteristics of students and items. The 
modern theory is a solution to overcome the weaknesses of the classical theory because, in the modern theory, an item 
does not affect other items (local independence), items only measure one dimension (unidimensional) (Anisa, 2013), 
and an item eliminates the relationship between respondents and items (parameter invariance) (Saepuzaman et al., 
2021). Therefore, experts suggest that the test instrument is accountable; the quality of the items must be good 
according to the analysis of classical and modern theory (Retnawati, 2014). 

Therefore, the aim of the research is to develop a good mathematical test instrument using polytomous responses 
according to classical and modern theories in vocational schools. The research problems are stated as follows:(1) Does 
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the open polytomous response test developed have a good category so that it can be used as an assessment instrument 
in vocational schools based on classical and modern theory?and (2) Does the open polytomous response test 
instrument developed provide information on students' actual competence in vocational schools? 

Methodology 

Research Design 

This research is a research and development modelthat refers to Plomp’s (2013) model, with the research procedure 
consisting of five stages: preliminary investigation, design, realization or construction, test phase, revision, and 
implementation (test). 

 

 

 

 

 

Figure 2. Stages of Research Design 

The preliminary investigation stage is to identify the currentassessment instruments used by teachers. The design stage 
is to make the open polytomous response test grid according to the basic competencies of mathematical concepts and 
to make a quality assessment questionnaire sheet. The realization/construction stage is developing the items test 
validated by an expert process for the items test. The revision stage is the improvement of items on the test based on 
expert advice. The implementation (testing) stage is to try out the test on students and toanalyze the results of the test. 

Research Subject 

The subjects of the study were students of vocational schools situatedin the province of Lampung, Indonesia. The 
research sample was determined using a non-probability sampling technique in the form of accidental sampling, which 
means taking a subject based on a subject that is easy to find and ready to be a respondent(Malhotra, 2006). The 
selected schools were three schools as representatives, namely the Mitra Bhakti vocational school, the PrajaUtama 
vocational school, and the Ma'arif NU vocational school. The research subjects were 413 students in grade I (male 
students = 191, and female students = 222), whose mathematical abilities on the National Exam (NE) were categorized 
as moderate (average 64.67 out of the ideal score of 100). The following are the characteristics of the research subjects 
in detail shown in Table 1. 

Table 1. Research Subjects 

Vocational Schools Grade 
The Number of Students 

Average of NE 
Total Male  Female 

Mitra Bhakti 
I-A 13 5 8 64.24 
I-B 23 10 13 62.4 
I-C 29 9 20 65 

Praja Utama 

I-A 40 40 0 64 
I-B 39 39 0 64.62 
I-C 43 15 28 68.72 
I-D 38 15 23 67.9 
I-E 41 14 27 67.56 
I-F 40 17 23 63.38 
I-G 40 8 23 67.74 

Ma’arif NU 
I-A 31 14 17 62.1 
I-B 36 5 51 58.34 

Total 413 191 222  64.67 

Data Collection Techniques 

Data were collected using a questionnaire and a test. The questionnaire contains several questions to the teacher about 
the instrument for assessment used by the teacher and also expert validity of the instrument developed to determine 
content validity (Suhaini et al., 2021). The instrument was validated by two raters who have expertise in mathematics 
and educational evaluation. The three aspects assessed by the expert were the suitability of the items with the 

Realization/construction Design Preliminary investigation 

Implementation (Test) Revision 
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indicators, language, and alternative answers to the questions. The score validating the instrument follows the criteria 
as in Table 2 below. 

Table 2. Content Validity Score 

Description Score 
Irrelevant 1 
Quite relevant 2 
Relevant 3 
Very relevant 4 

After determining the content validity, the instrument was tested to students. Then, it was continued by determining 
the validity of the construct and its reliabilityto ensure that the instrument could be further analyzed. 

The instrument used was the open polytomous response test, which consisted of 40 questions on the concepts of 
sequences and series (arithmetic and geometry), quadratic equations and functions, and matrices. Each item contained 
five answer choices along with the reasons. Student scores arereferred to the polytomous score in the Partial Credit 
Model, where answer choices and reasons were related(Retnawati, 2014), as shown in Table 3 below. 

Table 3. Scores for Student Answers 

Student Answers 
Score 

Answer Options Reason 
False False 1 
False Right 2 
Right False 3 
Right Right 4 

Data Analysis 

The collected data were analyzed in two stages: (1) questionnaire data analysis (qualitative analysis) and (2) test data 
analysis (empirical analysis).The following is an explanation of each data analysis: 

1. Questionnaire data analysis (qualitative analysis) 

There are two sets of questionnaire datanamely, identification of assessment instruments in schools and expert 
assessment of the assessment instruments developed. The results of the two questionnaires were analyzed 
descriptively. Specifically, for expert judgment, it was continued with an analysis of expert agreement that used the 
Gregory index formula (Gregory, 2015), namely: 

 V = 
𝐷

𝐴+𝐵+𝐶+𝐷
 

Description: 

V = Content Validity 

A = Rater 1 and 2 are weak 

B = Rater 1 is strong, and rater 2 is weak 

C = Rater 1 is weak, and rater 2 is strong 

D = Rater 1 and 2 are strong 

The interpretation of Gregory's formula is that the number V is in the range of 0 to 1. The higher thenumber V (close to 
1 or equal to 1), the higher the value of the validity of an item. Conversely, the lower the number V (close to 0 or equal 
to 0), the lower the validity of an item. 

2. Test data analysis (empirical analysis) 

After conductingthe content validity test, the researchersconductedthe construct validity and reliability test. The 
construct validation test used exploratory factor analysis. The instrument is considered to havinggood construct if the 
explained Kaiser-Meyer-Olkin (KMO) value is greater than 0.5 (Retnawati, 2014). Reliability test using Cronbach's 
alpha formula. The instrument is said to have good reliability if the coefficient value of Cronbach's alpha is 
0.60(Arikunto, 2012). If the instrument has good construct validation, further test can be analyzed, namely the level of 
difficulty and item discrimination. The reason for analyzing the level of difficulty and item discrimination is that they 
are both preliminary analyses of the assumptions of measurement theory (Hambleton & Jones, 1993). To simplify the 
process of analyzing the level of difficulty and item discrimination, the Iteman program was used for classical theory 
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and the Winsteps program for modern theory (Sarea & Ruslan, 2019). The Winsteps program was used because it had 
several advantages; namely, it can analyze polytomous data and calculate the maximum likelihood model using a 1-
parameter logistic model (Untary et al., 2020). 

2.1.Analysis oftestdata with classical theory 

a. The item difficulty level is the percentage of the number of students who answered correctly or incorrectly. If 
the item has an index of 0.3-0.7, then the item is good; if the item has an index below 0.3, then the item is 
difficult; and if the item has an index above 0.7, then the item is easy. 

b. Discrimination is the ability of a test to distinguish between high-ability students and low-ability students. 
Discrimination is said to be good if it has an index above 0.3, and if the discrimination index is below 0.3, then 
the question needs to be revised (Arikunto, 2012). 

2.2. Analysis of test data with modern theory 

a. The item difficulty level is the level of the student's latent trait towards the item. The difficulty of the items 
determines the ability of about 50% of the respondents who are expected to answer items correctly (DeMars, 
2010). An item is said to be good if it has an index of between -2 and +2 (Hambleton & Swaminathan, 1985). If 
the index is close to -2, then the item is classified as very easy, and if the index is close to +2, the item is 
classified as very difficult (Retnawati, 2014). In the Winsteps program, the item difficulty level is in the 
Measure column. 

b. Item discrimination is indicated by the slope of the curve on the item characteristics. The item is said to have 
good discrimination if the slope of the curve is moderate (not too gentle or steep) because if the slope of the 
curve is too gentle or steep, then the item is not good. Another opinion states that a good index is above 0.4 
(Crocker & Algina, 1986). In the Winsteps program, the item discrimination is in the Pt-Measure Correlation 
column. 

According to modern theory, before analyzing the item difficulty level and discrimination, three assumptions must be 
tested, namely unidimensionality, local independence, and model fit (Hambleton et al., 1991). Unidimensional means 
that each test item only measures one ability. There are three ways that are often used to test unidimensionality, 
namely the analysis of the Eigenvalue of the correlation matrix between items, the Stout-test on the unidimensional 
assumption test, and the index based on the residuals of the unidimensional solution (DeMars, 2010). In this study, the 
dimensional test used the Eigenvalue analysis of the correlation matrix between items. 

Local independence is the state of the respondent's answer to an item that is not influenced by other items. Local 
independence test by proving that the probability of the respondent's answer pattern is the same as the probability of 
the respondent's answer to each item. If the unidimensional assumption is accepted, the local independence 
assumption will also be accepted (DeMars, 2010). Use the Model Fit Test to find out whether the model used is in 
accordance with the items. Test the fit of the model by measuring the outfit mean square (MNSQ) and PT-Measure. If 
the outfit’s MNSQ value is 0.5 to 1.5 and the Pt-Measure Correlation is positive, it is said that the item fits the model 
(Linacre, 2012). In addition, the information function and standard error measurement (SEM) are analyzed, which aims 
to further explain the latent ability as measured by using a test that is expressed through item donations. 

Results 

Analysis of Questionnaire Data 

Based on the results of the questionnaire, it was found that the teacher had never used the polytomous response. As 
many as 80% of teachers used essay tests and 20% of teachers used multiple-choice tests, with each instrument 
consisting of 2-5 items. In addition, about 10% of teachers used this assessment as a means for learning improvement, 
such as improving lesson plans and teaching methods. The results of the questionnaire stated that 90% of teachers who 
did not use assessment as an improvement in learning were caused by several aspects, such as teachers did not 
understand assessment (20%), teachers did not know how to analyze assessments (50%), and teachers did not know 
how to develop good assessment questions (30%). The following is the summary of the questionnaire from the 
identification data. 
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Figure 3. Description of Teacher Conditions in Assessment 

Content Validity 

The results of the two expert assessments showed that the content validation instrument is good. Furthermore, the 
analysis of expert judgment agreement was obtained as shown in Table 4 below. 

Table 4. The Gregory Item Index 

 Rater 1 
Weak strong 

Rater 2 
weak 0 0 
strong 0 40 

Index Gregory 1 

Based on the results of the assessment in Table 4, it can be concluded that the instrument is valid because the value of V 
reaches a value of 1. Therefore, the instrument test can be continued. In addition to providing assessments, the experts 
also provided some suggestions for improvements to the instrument, namely the preparation of questions using the 
ABCD format (Audience, Behavior, Competence, and Degree), avoiding the use of ambiguous language or statements, 
improving mathematical concepts, making alternative answer choices that are misleading, and arranging them in order.  

Analysis of Test Data 

Construct Validity 

After testing the instrument, it was followed by a construct validity test. The results of the test with exploratory factor 
analysis are shown in Table 5. 

Table 5. Exploratory Factor Analysis 

KMO and Bartlett's Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
Bartlett's Test of Sphericity Approx. Chi-Square 1936.378 

Df 780 
Sig. .000 

Based on Table 5, the explained KMO value is 0.76 (more than 0.5), and it can be concluded that the variables and 
samples used to allow for further analysis. 

Reliability 

The results of the estimation of the reliability of the instrument obtained a Cronbach's alpha coefficient value is 0.89 
(more than 0.6). It means that the instrument has good reliability so that the analysis of the level of difficulty and item 
discrimination can be continued according to classical and modern methods. 

Table 6. Reliability of Items 

Cronbach’s Alpha N of Items 
0.892 40 
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Analysis of Test Data with Classical Theory 

Analysis of test data in the classical way did not require testing assumptions, but the analysis of the difficulty level of 
the items and the distinguishing power of items could be directly calculated if the validity and reliability have been met. 
The results of the two analyses are presented in Table 7 below. 

Table 7. The Item Difficulty Level and Discrimination 

Item Difficulty 
Level 

Category Discrimi
nation 

Category Item Difficulty 
Level 

Category Discrimi
nation 

Category 

1 0.538 Good 0.196 Revised 21 0.482 Good 0.143 Revised 
2 0.487 Good 0.179 Revised 22 0.535 Good 0.429 Good 
3 0.528 Good 0.214 Revised 23 0.492 Good 0.250 Revised 
4 0.540 Good 0.304 Good 24 0.438 Good -0.071 Revised 
5 0.489 Good 0.089 Revised 25 0.436 Good -0.107 Revised 
6 0.446 Good -0.161 Revised 26 0.385 Good -0.286 Revised 
7 0.438 Good -0.232 Revised 27 0.383 Good -0.321 Revised 
8 0.453 Good -0.143 Revised 28 0.416 Good -0.143 Revised 
9 0.414 Good -0.143 Revised 29 0.458 Good -0.125 Revised 

10 0.409 Good -0.339 Revised 30 0.385 Good -0.375 Revised 
11 0.438 Good -0.143 Revised 31 0.404 Good -0.321 Revised 
12 0.436 Good -0.036 Revised 32 0.433 Good -0.250 Revised 
13 0.400 Good -0.321 Revised 33 0.441 Good 0,036 Revised 
14 0.450 Good -0.036 Revised 34 0.424 Good -0.268 Revised 
15 0.462 Good 0.250 Revised 35 0.412 Good -0.321 Revised 
16 0.453 Good -0.089 Revised 36 0.431 Good -0.304 Revised 
17 0.416 Good -0.143 Revised 37 0.404 Good -0.232 Revised 
18 0.419 Good -0.196 Revised 38 0.363 Good -0.482 Revised 
19 0.431 Good -0.232 Revised 39 0.230 Good -0.929 Revised 
20 0.441 Good -0.089 Revised 40 0.211 Good -1.071 Revised 

Based on Table 7, it was found that all items have an item difficulty level in the index range of 0.3 to 0.7, so they are 
categorizedin the good category. Meanwhile, only two items on discrimination had good categories, and the remaining 
items needed to be revised. The results indicated that all items were good based on the level of difficulty, butalmostall 
items needed to be revised for item discrimination. 

Analysis of Test Data with Modern Theory 

The Unidimensional Assumption Test 

The unidimensional assumption test is the first assumption test with factor analysis. Factor analysis begins by testing 
the adequacy of the sample to be used in the analysis, constructing a variance-covariance matrix, and then calculating 
the Eigenvalue. The Eigenvalue was then used to calculate the percentage of explained variance, as well as to describe 
the scree plot (Retnawati, 2014). The output of factor analysis was the Kaiser-Meyer-Olkin Measure of Sampling 
Adequacy (KMO) statistic and scree plot. 

Table 8. The KMO Test 

KMO Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
 Sig. .000 

The unidimensional test is seen based on the cumulative percentage of Eigenvalue and scree plot analysis results. If the 
cumulative percentage of the first-factor Eigenvalue is greater than 20%, then the unidimensional assumption is 
fulfilled (Retnawati, 2014). In Table 9, it can be seen that the cumulative percentage of the first-factor Eigenvalue is 
20.220%. Because the Eigenvalue is more than 20%, this instrument is proven to only measure one factor or 
dimension. 

Table 9. Total Variance Explained 

Component 
Initial Eigenvalue 

Total Variance (%) Cumulative (%) 
1 8.088 20.220 20.220 
2 1.458 3.646 23.865 
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In addition, the unidimensional test can also be seen on the scree plot, which is based on the number of factors marked 
by the steepness of the graph with the acquisition ofEigenvalue. 

 

Figure 4. Scree Plot Unidimensional 

Based on the scree plot, it is known that the Eigenvalue immediately slope on the second factor. It demonstrates that 
the developed instrument has only one dominant factor. The results prove that the test kit meets the unidimensional 
assumption, or in other words, only measures one dominant factor. 

Local Independence Assumption Test 

The local independence assumption test will be fulfilled if the student's answer to one item does not affect the student's 
answer to another item. Thus, the score of one item should not be determined or dependent on the scores of other 
items. This confirms that this assumption automatically proves that students' answers do not affect answers to other 
items (Retnawati, 2014). 

Table 10. The Covariance Matrix. 

 K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 
K1 0.0486          
K2 0.012 0.0042         
K3 0.0105 0.0034 0.0032        
K4 0.0317 0.0106 0.0093 0.0293       
K5 0.01 0.0032 0.0029 0.0085 0.0028      
K6 0.0069 0.0023 0.0021 0.0062 0.002 0.0016     
K7 0.0036 0.0011 0.0009 0.0028 0.0009 0.0007 0.0004    
K8 0.0041 0.0015 0.0012 0.0037 0.0011 0.0008 0.0004 0.0006   
K9 0.0074 0.0024 0.0022 0.0065 0.002 0.0015 0.0007 0.0009 0.0017  

K10 0.021 0.0061 0.0054 0.0148 0.0051 0.0039 0.0017 0.0025 0.0043 0.0196 

Table 10 shows the results of the variance-covariance values between groups of students' abilities. In the table, it can 
be seen that the covariance value between the ability interval groups located on the diagonal is small and close to zero. 
This result shows that there is no correlation, so it can be said that the local independence assumption test is accepted. 

Model Fit 

The model fit test was analyzed using the Winsteps program. The item requirements are called "fit to the model."If the 
Outfit MNSQ value is 0.5 to 1.5 and the Outfit ZSTD value is -2 to 2, and the Pt-Measure Correlation is positive, then it 
can be said that the item fits the model (Sumintono & Widhiarso, 2015). An item is considered fit if one of the 
conditions is accepted. In addition, it can also be seen from the MNSQ infit of 0.77 to 1.3, but at this stage, the fit of the 
model is only taken on the MNSQ and Pt-Measure outfit values. Based on the results of the analysis, all items matched 
the model or fit (Figure 5). 
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Figure 5. Item Fit on Model 

The Item Difficulty Level 

The item difficulty level was analyzed using the Winsteps program, and the results obtained were presented in Table 12 
(Measure column). The item difficulty level is in the range of -0.70 to 0.84. From Table 12, the highest difficulty level is 
item 40 (difficulty level 0.84), and the lowest difficulty level is item 1 (difficulty level -0.70). Since the difficulty level is 
in the range of 2 and 2, it can be concluded that all items are in the good category. If further divided into three 
categories, the difficulty level of items in the range of -0.7 to 0.84 is moderate (Sumintono & Widhiarso, 2015). It can 
also be seen on the difficult map items, namely that the difficulty level is in the range of -2 and 2. 

 

Figure 6. Item Difficulty Level 
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Figure 7. Item Difficulty Map 

The Item Discrimination 

The item discrimination analysis used the Winsteps program, and the results are presented in Figure 8 (PT-Measure 
Correlation column). Item discrimination is in the range of 0.23 to 0.74, with details of 27 items having an index above 
0.4 (good category), and 13 items having an index below 0.4 (bad category). However, the 13 items can be used as an 
instrument as long as the index is above 0 (Alagumalai et al., 2005). 

 

Figure 8. Item Discrimination 
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Comparative Analysis Between Classical and Modern Theory 

The results of the analysis of classical and modern theories obtained the index of difficulty level and item 
discrimination as follows. 

Table 11. Comparison of Classical and Modern Theories 

Parameter 
Classical Theory Modern Theory 

Many Items with 
Good Categories 

Percentage Many Items with 
Good Categories 

Percentage 

Difficulty level 40 100 40 100 
Item discrimination 2 0.05 27 67.5 

Based on Table 11, the level of item difficulty analyzed by classical and modern theory has the same results (good 
category). However, item discrimination using modern theory has more items in the good category than classical 
theory. If we compare the index of discriminatory items between classical (Table 7) and modern (Figures 6 and 8), it 
can be seen that there is a match between the categories of item discrimination. It means that if item discrimination is 
not good with the classical theory, then item discrimination is also not good with the modern theory (13 items 
correspond to the item discrimination index, and 27 do not match). 

Information and Measurement Error (SEM) Function 

The function of information to reveal latent ability was measured by using a test that was expressed through item 
donation. The test information function is also the sum of the functions of each item. The information function is 
inversely proportional to measurement error, or standard error measurement (SEM). The value of the information 
function of the test device will be high if the items that make up the test have a high information function. The following 
is a picture of the curve of the relationship between the information function and SEM. 

 

Figure 9. Graph of Information Function and Measurement Error 

Figure 9 shows that this instrument provides information of 22.36 (maximum) and has a measurement error of 0.21 
(smallest) for medium-ability students. The lower and upper limits of the interval are the ability scores where the 
graph of the information function and the SEM graph intersect at that interval. This graph states that the greater the 
value of the information function, the smaller the measurement error (SEM), and the item information function 
expresses the strength or contribution of the test items in revealing the latent trait as measured by the test. This 
information function provides a description of the item according to the model (which helps with item selection) 
(Retnawati, 2014). These results conclude that this test instrument is suitable for students with medium abilities. 

Based on the test results, it can also be seen that the actual competency information of students in the vocational school 
was based on the test answers. Instrument analysis is based on two patterns of student answers that have the same 
tendency based on Bloom's Taxonomy (Bloom, 1956). A total of six student answers were selected as samples with 
different abilities (high, medium, and low). 

Item 1: The cognitive domain to be achieved is C2 (Understanding). Based on students' answers, the two dominant 
patterns of student answers are: (1) students have understood the general form of arithmetic sequences and know the 
first term and other terms, and (2) students have not been able to formulate general forms in arithmetic sequences and 
perform algebraic operations on general forms arithmetic sequence. 
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 Question 1: Pattern 1: Pattern 2: 

 

  

Figure 10. An ExampleofStudent Answers in Item 1 

Item 2: The cognitive domain to be achieved is C2 (understanding). Based on students' answers, the two dominant 
patterns of student answers are (1) being able to understand the number of terms in a sequence by using the general 
formula for an arithmetic sequence, or determining the number of arithmetic sequences without using a general 
formula (only writing down all the terms from the first term until the last term) and (2) students who can already use 
the general formula for arithmetic sequences but have not been able to determine the number of arithmetic sequences 
because of errors in performing algebraic operations on general arithmetic sequences. 

Question2: Pattern 1 Pattern 2 

 
  

Figure 11. An ExampleofStudent Answers in Item 2 

Item 3: The cognitive domain to be achieved is C3 (applying). Based on students' answers, the two dominant patterns 
of student answers are: (1) students have understood and determined the difference between two non-adjacent 
arithmetic sequences using the general formula for arithmetic sequences, and (2) other students can determine the 
number of arithmetic sequences even though they are not using a general formula or by writing the terms of the known 
terms and inserting several terms. 

Question 3: Pattern 1 Pattern 2 

 

 

 

 

Figure 12. An Exampleof Student Answers in Item 3 

Item 4: The cognitive domain to be achieved is C3 (applying). Based on students' answers, the two dominant patterns 
of student answers are: (1) students have understood and can determine the nth term in an arithmetic sequence that is 
known to be two non-adjacent terms using the general formula for arithmetic sequences, and (2) students cannot 
determine the number of arithmetic sequences because it does not use a general formula but by writing the terms of 
the known terms and inserting several terms and continuing until the nth term. 
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Question 4: Pattern 1 Pattern 2 

 

  

Figure 13. An Example of Student Answers in Item 4 

Item 5: The cognitive domain to be achieved is C1 (remembering). Based on students' answers, the two dominant 
patterns of student answers are: (1) students have understood and determined the middle term of an arithmetic 
sequence, and (2) students can determine the middle term of an arithmetic sequence but do not use general formulas, 
but rather by writing the terms from known terms and inserting several terms and then defining them. 

Question 5: Answer Pattern 1 Answer Pattern 2 

 
 

 

Figure 14. An Example of Student Answers in Item 5 

Description of Instrument Development and Student Ability 

The instrument developed from this research is the open polytomous response test, and all parameters have been 
accepted. This instrument is a combination of a multiple-choice test and an essay. Multiple choice test is easier to check 
students' answers, but their mathematical thinking processes cannot be known in depth. While the essay test has the 
advantage of being able to find deeper mathematical thinking processes, it takes a long time to check the answers. 

Analysis of learning instruments is an important source of composite scores in the final report. In the final report, the 
student's ability score was first changed to a score of 0–10 (previously 0–100). The conversion is done through a linear 
transformation by dividing the student's score by the ideal score. Then, the result is multiplied by 10 to get a value 
range of 0–10 or multiplied by 100 to get a value range of 0–100. In the range of 0–10, the scores of students' 
mathematical ability were 8.56 (highest) and 4.31 (lowest), or in the range of 0–100, students' math ability scores were 
85.6 (highest) and 43.1 (lowest). 

The results of the analysis of student abilities are presented in the form of predicates ranging from very low to very 
high according to the specified category. The results of this analysis show that most students have very low to medium 
abilities, as much as 62% (253 students), and the remaining 38% (160 students) have high and very high abilities. 
Other analysis results found that high and very high-ability students tend to work according to concepts with more 
creative completion steps (different from the teacher's example), but students who have very low to medium abilities 
can solve problems according to concepts with less creative completion steps (e.g., routine or according to the teacher's 
example). 

Other results show that the assessment with an open response polytomous makes it easier for teachers to explore 
students' difficulties with a material. Then, from this exploration, the teacher can continue with improvements for 
students who have learning difficulties. An important finding of this study is that information about students' learning 
difficulties through the open polytomous response test is more secondhand and complete than other assessment 
instruments, such as multiple-choice tests(Gierl et al., 2017) or essay tests(Putri et al., 2020). 

Discussion 

This research is development research aimed at developing a good mathematical assessment instrument using 
polytomous responses according to classical and modern theories. The results of the data analysis found that there 
were differences in the results of the analysis between classical theory and modern theory, namely on item 
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discrimination. Classical theory analysis obtained 38 items with bad criteria and only 2 items with good criteria. In 
contrast, modern theory analysis obtained 27 items with good criteria and 13 items with bad criteria. According to 
evaluation theory, modern theory aims to cover the weaknesses of classical theory. The results of the classical theory 
analysis are often categorized as poor, but modern analysis results are categorized as good, and vice versa (Retnawati, 
2014). That is, an item that is not in a good category with classical theory should be analyzed according to the modern 
theory before revising or replacing the item. 

Research on learning assessment with open response polytomous was carried out by Yang et al. (2017). This research 
aims to diagnose student errors in completing calculus material at university. The instrument compares two types of 
test namely the two-tier test and the open polytomous response test. The research findings suggest that the open 
polytomous response test provides more detailed information on student error than the two-level test (see Figure 15). 
The research findings are in line with the results of this study, which states that the open polytomous response test 
provides more detailed information about students' abilities. 

  

Figure 15. An Example of Student Answers on The Two-Tier Test and The Open Polytomous 

Response Test 

Another study on learning assessment with open response polychromous was conducted by 
Ayanwale(2021).Ayanwale's research compares two polytomous response test analysis methods namely the Parallel 
and Partial Credit Model. The results of his research stated that the Partial Credit Model analysis had a first factor 
Eigenvalue of 20.5% (ideal Eigenvalue of more than 20%) compared to the Parallel analysis, which had the first factor 
Eigenvalue of 11.7%. The results of Ayanwale's research are in line with this study, which obtained the first factor 
Eigenvalue of 20.220%, and the author can state that the instrument developed is suitable to be used to assess 
vocational students in Indonesia, maybe even outside Indonesia. 

Other studies related to classical and modern theory were conducted bySarea (2018)and Saepuzaman et al.(2021). 
Sarea's research states that the response polytomous test has good criteria (classical and modern theory), and the 
classical theory analysis has more items than modern theory. Meanwhile, Saepuzaman's research found that the 
response polytomous test had good criteria (classical and modern theory), and the modern theory analysis had more 
items than classical theory. 

The results of the analysis of student answers obtained information that there were two patterns of students' solving 
questions: (1) formulasand (2) trial and error. Students who use formula patterns in solving problems tend to be 
carried out by high-ability students, and students who use trial and error patterns tend to be carried out by students 
with medium and low abilities. Students who use both patterns can answer the questions correctly as shown in Figure 
16 below. 
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(i) 

 

(ii) 

Figure 16. An Example of Student Answer Patterns with (i) Formulas, (ii) Trial and Error 

Both patterns of solving math problems are common ways. This is in line with the opinion of Mason et al. (2010) that 
there are several ways that can be used in solving math problems, namely trial and error, using a drawing or model, 
analogy, and formula. Syahlan(2017) states that two ways that students often use to solve math problems are (1) trial 
and error and (2) formulas. Usually, students use trial and error methods to solve easy problems and formulas methods 
to solve difficult questions. If combined with student answers and Syahlan's opinion, students with medium and low 
abilities in solving easy questions will use trial and error methods, and students with high abilities in solving difficult 
questions will use formulas. 

The results of these student answers can be important information for teachers in teaching mathematics. This means 
that before teaching material, the teacher must know the students' initial abilities (high, medium, or low) and the level 
of difficulty of the material. Some of the benefits for teachers who know students' initial abilities are: teachers can 
develop professionally centered on students  (Gonzalez, 2018), teachers can adjust the level of cognitive and increase 
student learning engagement (Dong et al., 2020), assist teachers in designing pedagogical practices and correcting 
students' misconceptions (Geofrey, 2021).In addition, the benefit for teachers who know the level of difficulty of a 
material is that they can design remedial learning plans(Muhson et al., 2017; Wulanningtyas et al., 2020).The 
description above shows that there are many benefits that the teacher will get if the teacher knows the students' actual 
abilities, and this can be known by the teacher if the teacher uses the open polytomous response test. 

Conclusion 

Based on the results of the research and discussion, it can be concluded that (1) the open polytomous response test has 
a good category according to classical and modern theory. Thus, the test instrument requirements are accountable 
(qualifies for a good test) is a good test instrument according to the analysis of the two theories (classical and modern 
theory), and (2) the open polytomous response test can provide information on the actual competence of students; this 
is observed in the students' arguments in giving reasons for their choices. This is observed in the students' arguments 
when giving reasons for their choices. Therefore, the open polytomous response test can be used as an alternative to 
learning assessment. 

Recommendation 

Based on the research results, there are several recommendations for teachers, schools, and other researchers. For 
teachers, they should familiarize students with giving a test in the form of a polytomous response before giving the test. 
In schools, principals or other leaders should encourage other teachers to take advantage of this test and develop other 
assessment instruments. For other researchers, they should conduct research by developing instruments with other 
polytomous responses (assessment of learning and assessment as learning) on other materials. In addition, for further 
research, it is suggested to conduct a study that develops an assessment instrument with a learning response 
polytomous (pretest). This is important so that students' prior knowledge can be known and learning can be effective. 
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Limitations 

The research carried out has several limitations. Firstly, the selected schools have not met the researchers' 
expectations, for example, representing schools of high, medium, and low quality. In addition, during the collection of 
research data that begins with learning, it is not fully controlled by the researcher, so the students who are the research 
samples are less conditioned. The research is only limited to algebraic materials (sequences and series, matrices, 
equations, and quadratic functions), and does not represent other mathematical materials, such as geometry and 
statistics. 
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Appendix 

Instrument of the Open Polytomous Response Test 

Name of Student  : ………………………………. 

Class/Department : ………………………………. 

School    : ………………………………. 

 

Instructions:Mark (x) one of the correct answer choices, and give the reason  

(use another piece of paper to write down your reason) 

 

1. Given an arithmetic sequence: 3, 8, 13, 18, 
....The formula for the nth term of the 
sequence is .... 
A. Un = 5n – 3D. Un = 4n – 1 
B. Un = 5n – 2E. Un = 3n + 2 
C. Un = 4n – 1 
 
Reason: ..................................................... 
 

2. Given an arithmetic sequence: 2, 5, 8, 11, 
…,68.The number of terms in the sequence 
is… 

A. 12D.23 
B. 13E.24 
C. 22 
 
Reason: ...................................................... 

3. An arithmetic sequence, the 5th term is 31 
and the 8th term is 46. The difference 
between the sequences is... 
A. 5D.8 
B. 6E.11 
C. 7 
 

Reason: ...................................................... 
 

4. The 4th and 9th terms of an arithmetic 
sequence are 110 and 150. The 30th terms of 
the arithmetic sequence are... 

A. 308D.344 
B. 318E.354 
C. 326 

 
Reason: ............................................................. . 

5. An arithmetic sequence is: 3, 8, 13, 18, …, 
103.Then the middle term of the sequence 
is … 
A. 53D.11  
B. 52E.10 
C. 20 
 

Reason: ....................................................... 
 

6. Given the arithmetic sequence: 4, 10, 16, 22, 
….If two numbers are inserted in every two 

consecutive terms then the 10th term of the 
sequence is... 

A. 18D.24 
B. 20E.26 
C. 22 
 

Reason: ............................................................. .... 
 

7.The nth term of an arithmetic series is Un = 
3n – 5. The formula for the sum of the first 
n terms of theseries is ... 

A. 𝑆𝑛 =
𝑛

2
(3𝑛 − 7)D.  𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

B. 𝑆𝑛 =
𝑛

2
(3𝑛 − 5)E.  𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

C. 𝑆𝑛 =
𝑛

2
(3𝑛 − 4) 

Reason: ......................................................... 
 

8. The sum of the first n terms of an arithmetic 
series.Sn = n2 – 19n. The formula for the nth 
term of the Series is...... 

A. 5n – 20D.2n – 20 
B. 5n – 10E.2n – 10 
C. 2n – 30 
 

Reason: ............................................................. ..... 
 

9.The sum of all integers between 100 and 300 
which are divisible by 5 is ... 
A. 8,200D.7,600 
B. 8,000E.7,400 
C. 7,800 
 
Reason: ........................................................ 
 

10. PT.Angkasa Jaya in the first year produced 
5,000 units. In the second year, production 
was reduced by 80 units per year. In what 
year did the company produce 3,000 units? 
A. 24D.27 
B. 25E.28 
C. 26 
 
Reason: ............................................................... 

11. The middle term of an arithmetic sequence 12. A number of candies are distributed among 
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is 25.If the difference is 4 and the 5th term 
is 21.Then the sum of all the terms in the 
sequence is ... 
A. 175D.295 
B. 189E.375 
C. 275 
 
Reason: ........................................................ 
 

five children according to the rules of an 
arithmetic sequence. The younger the child, 
the more candy he gets. If the second child 
receives 11 pieces of candy and the fourth 
child 19 pieces, then the total number of 
candies is... pieces 
A. 60D.75 
B. 65E.80 
C. 70  
 
Reason: ........................................................ ......... 

 
13. The sum of the first n terms of a series is 

2n2-n.So the 12th term of the series is... 
A. 564D.45 
B. 276E.36 
C. 48 
 
Reason: ...................................................... ............. 
 

14. The number of terms in thegeometric 
sequence:3, 6, 12, ..., 3072 is ... 
A. 9D.12 
B. 10E.13 
C. 11 

 
Reason: ................................................................... 
 

15. A geometric sequence has the 2nd term is 
8, and the 5th term is 64. The 7th term of 
the sequence is ... 
A. 32D.256 
B. 64E.512 
C. 128 
 
Reason: ................................................................... 
 

16. The value of the middle term of the 
geometric sequence:  
6, 3, …, 3/512is … 

A.
1

16
D.

4

16
 

B.
2

16
E.

5

16
 

C.
3

16
 

Reason: ............................................... 
 

17. A piece of wire is cut with the first piece 
being 8 cm, and the next piece 1.5 times the 
previous cut. Then the 5th piece is... cm 
A. 18D.35 
B. 24E.40.5 
C. 27.5 
 
Reason: ...................................................... .............. 

 

18. The sum of an infinite geometric series is 12 
and the first term is 9. The ratio is ... 

A. 
3

4
D. −

1

2
 

B. 
1

4
E. −

3

4
 

C. 
1

3
 

 
Reason: ............................................................. ..... 
 

19. A ball falls from a height of 10 m and 
bounces back 3/4 times its previous height. 
The total number of paths until the ball 
stops is.... m 
A. 60D. 90 
B. 70E. 100  
C. 80  

 
Reason: ........................................................ 

 

20. Given[4 8 5
6 3 1

] = [2𝑎 𝑏 + 𝑎 5
6 3 1

].  

 
The value of 3a + b is ... 
A. 8D. 14 
B. 10E. 20 
C. 12 

 
Reason: ......................................................... 

21. Given 𝐾 = [
𝑎 2 3
5 4 𝑏
8 3𝑐 11

]and  

𝐿 = [
6 2 3
5 4 2𝑎
8 4𝑏 11

].If K = L, then cis ... 

A. 12D. 15 
B. 13E. 16 
C. 14 

 
Reason: ...................................................... .......... 
 

22. Given𝐴 = [1 2
3 4

] , 𝐵 = [2 3
0 1

], 

 𝐶 = [
5 2

−1 0
].Then (A + C) – (A + B) is ... 

 A. [5 4
5 4

] D. [ 3 −1
−1 −1

] 

B. [
4 7
2 5

] E. [7 −1
1 −1

] 

        C. [
4 0

−4 −4
] 

 
Reason: ........................................................ ............. 
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23. Given matrix 𝑃 = [
1 3 1
2 4 5
0 7 6

], then (𝑃𝑡)𝑡is... 

A. [
1 2 0
3 3 7
1 5 6

]D. [
0 7 6
2 4 5
1 3 1

] 

B. [
1 3 1
3 3 7
1 5 6

]E. [
0 7 6
2 4 5
1 3 1

] 

C. [
1 3 1
2 4 5
0 7 6

] 

 
Reason: ................................................................. 

 

24. Given matrix𝐴 = [
2𝑥 −5
3 𝑦

], 𝐵 = [
𝑦 2
2 4

], 

and 𝐶 = [8 −3
5 2𝑥

].  

 
If A + B = C, then x + y = ... 
A. –5D. 3  
B. –1E. 5 
C. 1 
 
Reason: .......................................................... 
 

25. If 𝐴 = [3 5] and 𝐵 = [1 4
2 6

], then 2AB is... 

A. [13 42]D. [13 84] 
B. [26 84]E. [30 36] 
C. [26 42] 

 
Reason: ................................................................... 

 
 

26. If 𝐴 = [ 1 −3
−2 4

], 𝐵 = [−2 0
1 3

],and  

𝐶 = [3 −1
1 −2

]then A(B – C) = ... 

 

A. [−5 −14
10 18

]D. [
1 −2

−2 2
] 

B. [−5 −4
10 6

]E. [
−7 19
−2 20

] 

C. [
1 −16

−2 22
] 

 
Reason: .......................................................... 
 

27.  Matrix X that satisfies [
1 2
3 4

] 𝑋 = [4 3
2 1

] 

is ... 

A. [−6 −5
5 4

]D. [
4 −2

−3 1
] 

B. [5 −6
4 5

]E. [
4 −2

−3 1
] 

C. [−6 −5
4 5

] 

 
Reason: ............................................................ 
 

28. If matrix𝐴 = [3 −𝑥
6 8

] is singular matrix.  

Value of x that satisfies is …. 
 
A. – 5D.3 
B. – 4E.4 
C. – 3 

 
Reason: ........................................................... 

 

29. Given matrix A = [
0 2 3

−2 0 4
−3 −4 0

], then 

matrix determinant A is ... 
A. 0D.2 
B. 1E.4 
C. 2 
 
Reason: ...................................................... .......... 

 
 

30. Transpose matrix Pis PT. IfP = [
4 7
3 5

] then 

matrix (PT) – 1is ... 

A. [−5 7
3 −2

]              D. [−3 5
4 −7

] 

B. [ 3 −4
−5 7

] E. [ 4 −3
−7 5

] 

C. [
−5 3
7 −4

] 

 
Reason: ................................................................... 

31. Given 𝐴 = [4 3
2 2

]and𝐵 = [5 2
3 1

].  

Inverse matrix (AB) – 1 = ... 
 

A.
1

2
[
−6 11
16 −29

]      D. −
1

2
[

6 11
16 29

] 

B.
1

2
[29 11
16 6

]          E. −
1

2
[−6 11

16 −29
] 

C. −
1

2
[29 11
16 6

] 

 
Reason: ............................................................... 
 

32. The roots of the quadratic equation 3 and 
– 4 are ... 
A. 𝑥2 + 𝑥 − 12 = 0 
B. 𝑥2 − 𝑥 − 12 = 0 
C. 𝑥2 − 𝑥 + 12 = 0 
D. 𝑥2 − 3𝑥 + 4 = 0 
E. 𝑥2 − 4𝑥 + 3 = 0 
 
Reason: ..................................................................... 

33. The roots of the quadratic equation 34. The roots of the equation𝑥2 − 2𝑥 − 3 = 0 
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5𝑥2 + 4𝑥 − 12 = 0 are … 

A. −2and
5

6
             D. −2and−

6

5
 

B. 2and−
5

6
E. −2and

6

5
 

C. 2and
6

5
 

 
Reason: ........................................................... 
 

are 𝑥1 and𝑥2.If 𝑥1 > 𝑥2, then 𝑥1 − 𝑥2is … 
A. −4D. 2 
B. −2E. 4 
C. 0 

 
Reason: .......................................................... 

35. The roots of the quadratic equation: 
2𝑥2 − 3𝑥 − 9 = 0 are 𝑥1 and𝑥2. Value of 
𝑥1

2 + 𝑥2
2is … 

A. 11
1

4
D. −6

3

4
 

B. 6
3

4
                       E. −11

1

4
 

C. 2
1

4
 

 
Reason: ...................................................... ........ 
 

36. The roots of the quadratic equation:  
𝑥2 + 2𝑥 + 3 = 0 are α and β. The quadratic 
equation(α – 2) and (β – 2) is … 
A. x2 + 6x + 5 = 0 
B. x2 + 6x + 7 = 0 
C. x2 + 6x + 11 = 0 
D. x2 − 2x + 3 = 0 
E. x2 + 2x + 11 = 0 
 
Reason: ........................................................ . 
 

37. A quadratic function that has a minimum 
value 2 for x = 1 and has a value of 3 for x = 
2 is … 
A. 𝑦 = 𝑥2 − 2𝑥 + 1 
B. 𝑦 = 𝑥2 − 2𝑥 + 3 
C. 𝑦 = 𝑥2 + 2𝑥 − 1 
D. 𝑦 = 𝑥2 + 2𝑥 + 1 
E. 𝑦 = 𝑥2 + 2𝑥 + 3 
 
Reason: ...................................................... ....... 
 

 

38. The figure below is a graph of the quadratic 
equation? … 
A. 𝑦 = 𝑥2 + 2𝑥 + 3 
B. 𝑦 = 𝑥2 − 2𝑥 − 3 
C. 𝑦 = −𝑥2 + 2𝑥 − 3 
D. 𝑦 = −𝑥2 − 2𝑥 + 3 
E. 𝑦 = −𝑥2 + 2𝑥 + 3 

 
Reason: ......................... 

39. If f is a quadratic function whose graph 
passes through the points (1,0), (4,0) and 
(0, –4) then the value of f(7) is … 
A.  – 16D. – 19 
B. – 17E. – 20 
C. – 18 
 
Reason: ...................................................... 
 

40. The graph equation of a quadratic function 
has an extreme point (–1, 4) and through (0, 
3) is … 

A. 𝑦 = −𝑥2 + 2𝑥 − 3    D. 𝑦 = −𝑥2 − 2𝑥 − 5 
B. 𝑦 = −𝑥2 + 2𝑥 + 3    E. 𝑦 = −𝑥2 − 2𝑥 + 5 

   C. 𝑦 = −𝑥2 − 2𝑥 + 3 
 
Reason: ........................................................ ...... 
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Introduction 

Assessment is an important activity that needs to be administeredby teachers in schools. The conventional paradigm 
often interprets assessment as a way to find out the achievement of student learning outcomes as a whole, so that the 
assessment is positioned as a separate activity from the learning process (Syaifuddin, 2020). Referring to the current 
paradigm, assessment in schools was divided into three types, e.g., assessment as learning, assessment for learning, and 
assessment of learning (Wulan, 2018). The three types of assessments aim to provide recognition of the achievement of 
student learning outcomes after the learning process (Earl, 2013).Belowisthe assessment pyramid (Figure 1). 

 

Figure 1. Assessment Pyramid 

Assessment can be administeredthrough atest. A test is a tool or procedure used to find out or measure students' 
abilities in particularareas with specific rules (Arikunto, 2012). A test consists of two types, namely multiple-choice and 
essay. A multiple-choice test is a form of assessment in which each item provides options, and one of the options is the 
correct answer. An essay test is a form of assessment that requires answers in sentences or words. Each type of test has 
its own strengths or weaknesses. The strengths of multiple-choice test over essaytestarefirstly,the test can be 
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conducted for many students, itis more objective, and the test results can be obtained more quickly. In addition to the 
strengths,ithasseveral weaknesses.The multiple-choice test is not able to portraythe actual abilities of students, the 
answers of thistesttend to be guessing gamesor trialanderror(Rosidin, 2017). In addition, the strength of the multiple-
choice test has a scoring certainty compared to the essay test, namely 1 and 0 (score 1 for the correct answer, and 0 for 
the wrong answer). A multiple-choice test with only two answer choices is called a "dichotomous test," and a multiple-
choice test with more than two answer choices is called a "polytomous test"(Kartono, 2008). 

Until quite recently, multiple-choice test has been widely used by teachers to assess students' abilities, especially those 
with a large number and a wide area of expertise. To reduce the weakness of multiple-choice test, in the last four 
decades, experts have developed multiple-choice test by combining multiple-choice test and essay into multiple-choice 
test with reasons orhenceforthcalled as polytomous response test(Suwarto, 2012). The polytomous response test score 
ranges from 1 – 4in which score 4 for the correct answer and reason, score 3 for the correct answer but the wrong 
reason, score 2 for the wrong answer but the correct reason, and score 1 for the wrong answer and reason(Kartono, 
2008). 

In the 1980s, the first test that was focused on and developed by experts was the closed polytomous response test, also 
known as the two-tier test(Treagust, 1988). This test consists of two levels: the first is choosing answers on the 
multiple-choice test, and the second level is choosing reasons based on the answer choices at the first level 
(Chandrasegaran et al., 2007).  Several studies on the closed polytomous response test have been carried out, such as a 
test on mathematical ability in middleschool (Hilton et al., 2013; Rovita et al., 2020), a test on calculus material 
(Khiyarunnisa & Retnawati, 2018), test on higher order thinking mathematical skills (Sundari, et al., 2021), and test on 
mathematical connection material (Lestari et al., 2021). Although the closed polytomous response test has been widely 
developed, researchers have found weaknesses in the test, such as students' misconceptions or students' actual 
competencecannot be identifiedin detail (Antara et al., 2019), the test instrument is difficult to construct (Khusnah, 
2019), and student answers are still guessed (Myanda et al., 2020). However, there are strengths in the closed 
polytomous response test, such as the consistency of student answers errors, which is easily observed(Treagust, 1988), 
and the suitability between the student's answer choices and the reason is easy to know (Diani et al., 2019). 

To reduce the weakness of the closed polytomous response test, the experts modified the test into an open polytomous 
response test. The open polytomous response test is a form of multiple-choice test that provides a place to write 
arguments for the answer choices (Retnawati, 2014). The studies on the open polytomous response test that have been 
carried out are test on calculus material in universities (Yang et al., 2017) and test on mathematics material in senior 
schools(Ayanwale, 2021) and junior schools (Falani et al., 2020). These studies developed open polytomous response 
tests for students in college and senior or junior school. Students in college and senior or junior school learn 
mathematics as a primary subject, while students in vocational schools learn mathematics as a secondary subject 
(Oktaria, 2016). In addition, students in vocational schools are more oriented towards practical abilities and skills, in 
contrast to students in college or high school who are more academically oriented, including in Indonesia 
(Permendikbud, 2016). 

Currently, the Indonesian government expectsthatvocational schoolsis notacademicallyleft behind especially in 
mathematics. The government's commitment is to improve the methodof assessing student learning in vocational 
school, and the currentassessment method is usingpolytomous test. Often, students pay less attention during math 
exams for several reasons, such as considering mathematics as an unimportant subject (Putri et al., 2017), mathematics 
as a complicated subject (Vani et al., 2019), and mathematics as a boring subject (Ikmawati, 2020). 
Therefore,thestudents tend to answer the test by guessing. To avoid the tendencies, it is necessary to develop a 
polytomous response test (closed or open). Byconsidering the disadvantages of the closed polytomous response test, it 
is reasonable to conduct research by developing open polytomous response test for students in vocational schools. 

The test instrumentdeveloped must be reliable as a good test, and thereforeit isnecessary to analyze the quality of test 
items(Rosidin, 2017). There are two theories for analyzing the item quality, namely classical and modern. Classical 
theory is a measurement theory for assessing test based on the assumption of measurement errors between actual 
results and observations, and from the assumption, aformula for calculating the level of difficulty and item 
discrimination was developed (Hambleton & Jones, 1993). The modern theory is a measurementtheory to assess 
students' abilities by comparing students' abilities with their group abilities, and itis known as Item Response 
Theory/IRT (Hambleton & Linden, 1982). Classical theory is widely used by teachers because it is easy to apply. 
However, this classical theory has a weakness, namely, it cannot separate the characteristics of students and items. The 
modern theory is a solution to overcome the weaknesses of the classical theory because, in the modern theory, an item 
does not affect other items (local independence), items only measure one dimension (unidimensional) (Anisa, 2013), 
and an item eliminates the relationship between respondents and items (parameter invariance) (Saepuzaman et al., 
2021). Therefore, experts suggest that the test instrument is accountable; the quality of the items must be good 
according to the analysis of classical and modern theory (Retnawati, 2014). 

Therefore, the aim of the research is to develop a good mathematical test instrument using polytomous responses 
according to classical and modern theories in vocational schools. The research problems are stated as follows:(1) Does 
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the open polytomous response test developed have a good category so that it can be used as an assessment instrument 
in vocational schools based on classical and modern theory?and (2) Does the open polytomous response test 
instrument developed provide information on students' actual competence in vocational schools? 

Methodology 

Research Design 

This research is a research and development modelthat refers to Plomp’s (2013) model, with the research procedure 
consisting of five stages: preliminary investigation, design, realization or construction, test phase, revision, and 
implementation (test). 

 

 

 

 

 

Figure 2. Stages of Research Design 

The preliminary investigation stage is to identify the currentassessment instruments used by teachers. The design stage 
is to make the open polytomous response test grid according to the basic competencies of mathematical concepts and 
to make a quality assessment questionnaire sheet. The realization/construction stage is developing the items test 
validated by an expert process for the items test. The revision stage is the improvement of items on the test based on 
expert advice. The implementation (testing) stage is to try out the test on students and toanalyze the results of the test. 

Research Subject 

The subjects of the study were students of vocational schools situatedin the province of Lampung, Indonesia. The 
research sample was determined using a non-probability sampling technique in the form of accidental sampling, which 
means taking a subject based on a subject that is easy to find and ready to be a respondent(Malhotra, 2006). The 
selected schools were three schools as representatives, namely the Mitra Bhakti vocational school, the PrajaUtama 
vocational school, and the Ma'arif NU vocational school. The research subjects were 413 students in grade I (male 
students = 191, and female students = 222), whose mathematical abilities on the National Exam (NE) were categorized 
as moderate (average 64.67 out of the ideal score of 100). The following are the characteristics of the research subjects 
in detail shown in Table 1. 

Table 1. Research Subjects 

Vocational Schools Grade 
The Number of Students 

Average of NE 
Total Male  Female 

Mitra Bhakti 
I-A 13 5 8 64.24 
I-B 23 10 13 62.4 
I-C 29 9 20 65 

Praja Utama 

I-A 40 40 0 64 
I-B 39 39 0 64.62 
I-C 43 15 28 68.72 
I-D 38 15 23 67.9 
I-E 41 14 27 67.56 
I-F 40 17 23 63.38 
I-G 40 8 23 67.74 

Ma’arif NU 
I-A 31 14 17 62.1 
I-B 36 5 51 58.34 

Total 413 191 222  64.67 

Data Collection Techniques 

Data were collected using a questionnaire and a test. The questionnaire contains several questions to the teacher about 
the instrument for assessment used by the teacher and also expert validity of the instrument developed to determine 
content validity (Suhaini et al., 2021). The instrument was validated by two raters who have expertise in mathematics 
and educational evaluation. The three aspects assessed by the expert were the suitability of the items with the 

Realization/construction Design Preliminary investigation 

Implementation (Test) Revision 
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indicators, language, and alternative answers to the questions. The score validating the instrument follows the criteria 
as in Table 2 below. 

Table 2. Content Validity Score 

Description Score 
Irrelevant 1 
Quite relevant 2 
Relevant 3 
Very relevant 4 

After determining the content validity, the instrument was tested to students. Then, it was continued by determining 
the validity of the construct and its reliabilityto ensure that the instrument could be further analyzed. 

The instrument used was the open polytomous response test, which consisted of 40 questions on the concepts of 
sequences and series (arithmetic and geometry), quadratic equations and functions, and matrices. Each item contained 
five answer choices along with the reasons. Student scores arereferred to the polytomous score in the Partial Credit 
Model, where answer choices and reasons were related(Retnawati, 2014), as shown in Table 3 below. 

Table 3. Scores for Student Answers 

Student Answers 
Score 

Answer Options Reason 
False False 1 
False Right 2 
Right False 3 
Right Right 4 

Data Analysis 

The collected data were analyzed in two stages: (1) questionnaire data analysis (qualitative analysis) and (2) test data 
analysis (empirical analysis).The following is an explanation of each data analysis: 

1. Questionnaire data analysis (qualitative analysis) 

There are two sets of questionnaire datanamely, identification of assessment instruments in schools and expert 
assessment of the assessment instruments developed. The results of the two questionnaires were analyzed 
descriptively. Specifically, for expert judgment, it was continued with an analysis of expert agreement that used the 
Gregory index formula (Gregory, 2015), namely: 

 V = 
𝐷

𝐴+𝐵+𝐶+𝐷
 

Description: 

V = Content Validity 

A = Rater 1 and 2 are weak 

B = Rater 1 is strong, and rater 2 is weak 

C = Rater 1 is weak, and rater 2 is strong 

D = Rater 1 and 2 are strong 

The interpretation of Gregory's formula is that the number V is in the range of 0 to 1. The higher thenumber V (close to 
1 or equal to 1), the higher the value of the validity of an item. Conversely, the lower the number V (close to 0 or equal 
to 0), the lower the validity of an item. 

2. Test data analysis (empirical analysis) 

After conductingthe content validity test, the researchersconductedthe construct validity and reliability test. The 
construct validation test used exploratory factor analysis. The instrument is considered to havinggood construct if the 
explained Kaiser-Meyer-Olkin (KMO) value is greater than 0.5 (Retnawati, 2014). Reliability test using Cronbach's 
alpha formula. The instrument is said to have good reliability if the coefficient value of Cronbach's alpha is 
0.60(Arikunto, 2012). If the instrument has good construct validation, further test can be analyzed, namely the level of 
difficulty and item discrimination. The reason for analyzing the level of difficulty and item discrimination is that they 
are both preliminary analyses of the assumptions of measurement theory (Hambleton & Jones, 1993). To simplify the 
process of analyzing the level of difficulty and item discrimination, the Iteman program was used for classical theory 
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and the Winsteps program for modern theory (Sarea & Ruslan, 2019). The Winsteps program was used because it had 
several advantages; namely, it can analyze polytomous data and calculate the maximum likelihood model using a 1-
parameter logistic model (Untary et al., 2020). 

2.1.Analysis oftestdata with classical theory 

a. The item difficulty level is the percentage of the number of students who answered correctly or incorrectly. If 
the item has an index of 0.3-0.7, then the item is good; if the item has an index below 0.3, then the item is 
difficult; and if the item has an index above 0.7, then the item is easy. 

b. Discrimination is the ability of a test to distinguish between high-ability students and low-ability students. 
Discrimination is said to be good if it has an index above 0.3, and if the discrimination index is below 0.3, then 
the question needs to be revised (Arikunto, 2012). 

2.2. Analysis of test data with modern theory 

a. The item difficulty level is the level of the student's latent trait towards the item. The difficulty of the items 
determines the ability of about 50% of the respondents who are expected to answer items correctly (DeMars, 
2010). An item is said to be good if it has an index of between -2 and +2 (Hambleton & Swaminathan, 1985). If 
the index is close to -2, then the item is classified as very easy, and if the index is close to +2, the item is 
classified as very difficult (Retnawati, 2014). In the Winsteps program, the item difficulty level is in the 
Measure column. 

b. Item discrimination is indicated by the slope of the curve on the item characteristics. The item is said to have 
good discrimination if the slope of the curve is moderate (not too gentle or steep) because if the slope of the 
curve is too gentle or steep, then the item is not good. Another opinion states that a good index is above 0.4 
(Crocker & Algina, 1986). In the Winsteps program, the item discrimination is in the Pt-Measure Correlation 
column. 

According to modern theory, before analyzing the item difficulty level and discrimination, three assumptions must be 
tested, namely unidimensionality, local independence, and model fit (Hambleton et al., 1991). Unidimensional means 
that each test item only measures one ability. There are three ways that are often used to test unidimensionality, 
namely the analysis of the Eigenvalue of the correlation matrix between items, the Stout-test on the unidimensional 
assumption test, and the index based on the residuals of the unidimensional solution (DeMars, 2010). In this study, the 
dimensional test used the Eigenvalue analysis of the correlation matrix between items. 

Local independence is the state of the respondent's answer to an item that is not influenced by other items. Local 
independence test by proving that the probability of the respondent's answer pattern is the same as the probability of 
the respondent's answer to each item. If the unidimensional assumption is accepted, the local independence 
assumption will also be accepted (DeMars, 2010). Use the Model Fit Test to find out whether the model used is in 
accordance with the items. Test the fit of the model by measuring the outfit mean square (MNSQ) and PT-Measure. If 
the outfit’s MNSQ value is 0.5 to 1.5 and the Pt-Measure Correlation is positive, it is said that the item fits the model 
(Linacre, 2012). In addition, the information function and standard error measurement (SEM) are analyzed, which aims 
to further explain the latent ability as measured by using a test that is expressed through item donations. 

Results 

Analysis of Questionnaire Data 

Based on the results of the questionnaire, it was found that the teacher had never used the polytomous response. As 
many as 80% of teachers used essay tests and 20% of teachers used multiple-choice tests, with each instrument 
consisting of 2-5 items. In addition, about 10% of teachers used this assessment as a means for learning improvement, 
such as improving lesson plans and teaching methods. The results of the questionnaire stated that 90% of teachers who 
did not use assessment as an improvement in learning were caused by several aspects, such as teachers did not 
understand assessment (20%), teachers did not know how to analyze assessments (50%), and teachers did not know 
how to develop good assessment questions (30%). The following is the summary of the questionnaire from the 
identification data. 
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Figure 3. Description of Teacher Conditions in Assessment 

Content Validity 

The results of the two expert assessments showed that the content validation instrument is good. Furthermore, the 
analysis of expert judgment agreement was obtained as shown in Table 4 below. 

Table 4. The Gregory Item Index 

 Rater 1 
Weak strong 

Rater 2 
weak 0 0 
strong 0 40 

Index Gregory 1 

Based on the results of the assessment in Table 4, it can be concluded that the instrument is valid because the value of V 
reaches a value of 1. Therefore, the instrument test can be continued. In addition to providing assessments, the experts 
also provided some suggestions for improvements to the instrument, namely the preparation of questions using the 
ABCD format (Audience, Behavior, Competence, and Degree), avoiding the use of ambiguous language or statements, 
improving mathematical concepts, making alternative answer choices that are misleading, and arranging them in order. 

Analysis of Test Data 

Construct Validity 

After testing the instrument, it was followed by a construct validity test. The results of the test with exploratory factor 
analysis are shown in Table 5. 

Table 5. Exploratory Factor Analysis 

KMO and Bartlett's Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
Bartlett's Test of Sphericity Approx. Chi-Square 1936.378 

Df 780 
Sig. .000 

Based on Table 5, the explained KMO value is 0.76 (more than 0.5), and it can be concluded that the variables and 
samples used to allow for further analysis. 

Reliability 

The results of the estimation of the reliability of the instrument obtained a Cronbach's alpha coefficient value is 0.89 
(more than 0.6). It means that the instrument has good reliability so that the analysis of the level of difficulty and item 
discrimination can be continued according to classical and modern methods. 

Table 6. Reliability of Items 

Cronbach’s Alpha N of Items 
0.892 40 
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Analysis of Test Data with Classical Theory 

Analysis of test data in the classical way did not require testing assumptions, but the analysis of the difficulty level of 
the items and the distinguishing power of items could be directly calculated if the validity and reliability have been met. 
The results of the two analyses are presented in Table 7 below. 

Table 7. The Item Difficulty Level and Discrimination 

Item Difficulty 
Level 

Category Discrimi
nation 

Category Item Difficulty 
Level 

Category Discrimi
nation 

Category 

1 0.538 Good 0.196 Revised 21 0.482 Good 0.143 Revised 
2 0.487 Good 0.179 Revised 22 0.535 Good 0.429 Good 
3 0.528 Good 0.214 Revised 23 0.492 Good 0.250 Revised 
4 0.540 Good 0.304 Good 24 0.438 Good -0.071 Revised 
5 0.489 Good 0.089 Revised 25 0.436 Good -0.107 Revised 
6 0.446 Good -0.161 Revised 26 0.385 Good -0.286 Revised 
7 0.438 Good -0.232 Revised 27 0.383 Good -0.321 Revised 
8 0.453 Good -0.143 Revised 28 0.416 Good -0.143 Revised 
9 0.414 Good -0.143 Revised 29 0.458 Good -0.125 Revised 

10 0.409 Good -0.339 Revised 30 0.385 Good -0.375 Revised 
11 0.438 Good -0.143 Revised 31 0.404 Good -0.321 Revised 
12 0.436 Good -0.036 Revised 32 0.433 Good -0.250 Revised 
13 0.400 Good -0.321 Revised 33 0.441 Good 0,036 Revised 
14 0.450 Good -0.036 Revised 34 0.424 Good -0.268 Revised 
15 0.462 Good 0.250 Revised 35 0.412 Good -0.321 Revised 
16 0.453 Good -0.089 Revised 36 0.431 Good -0.304 Revised 
17 0.416 Good -0.143 Revised 37 0.404 Good -0.232 Revised 
18 0.419 Good -0.196 Revised 38 0.363 Good -0.482 Revised 
19 0.431 Good -0.232 Revised 39 0.230 Good -0.929 Revised 
20 0.441 Good -0.089 Revised 40 0.211 Good -1.071 Revised 

Based on Table 7, it was found that all items have an item difficulty level in the index range of 0.3 to 0.7, so they are 
categorizedin the good category. Meanwhile, only two items on discrimination had good categories, and the remaining 
items needed to be revised. The results indicated that all items were good based on the level of difficulty, butalmostall 
items needed to be revised for item discrimination. 

Analysis of Test Data with Modern Theory 

The Unidimensional Assumption Test 

The unidimensional assumption test is the first assumption test with factor analysis. Factor analysis begins by testing 
the adequacy of the sample to be used in the analysis, constructing a variance-covariance matrix, and then calculating 
the Eigenvalue. The Eigenvalue was then used to calculate the percentage of explained variance, as well as to describe 
the scree plot (Retnawati, 2014). The output of factor analysis was the Kaiser-Meyer-Olkin Measure of Sampling 
Adequacy (KMO) statistic and scree plot. 

Table 8. The KMO Test 

KMO Test Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .760 
 Sig. .000 

The unidimensional test is seen based on the cumulative percentage of Eigenvalue and scree plot analysis results. If the 
cumulative percentage of the first-factor Eigenvalue is greater than 20%, then the unidimensional assumption is 
fulfilled (Retnawati, 2014). In Table 9, it can be seen that the cumulative percentage of the first-factor Eigenvalue is 
20.220%. Because the Eigenvalue is more than 20%, this instrument is proven to only measure one factor or 
dimension. 

Table 9. Total Variance Explained 

Component 
Initial Eigenvalue 

Total Variance (%) Cumulative (%) 
1 8.088 20.220 20.220 
2 1.458 3.646 23.865 
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In addition, the unidimensional test can also be seen on the scree plot, which is based on the number of factors marked 
by the steepness of the graph with the acquisition ofEigenvalue. 

 

Figure 4. Scree Plot Unidimensional 

Based on the scree plot, it is known that the Eigenvalue immediately slope on the second factor. It demonstrates that 
the developed instrument has only one dominant factor. The results prove that the test kit meets the unidimensional 
assumption, or in other words, only measures one dominant factor. 

Local Independence Assumption Test 

The local independence assumption test will be fulfilled if the student's answer to one item does not affect the student's 
answer to another item. Thus, the score of one item should not be determined or dependent on the scores of other 
items. This confirms that this assumption automatically proves that students' answers do not affect answers to other 
items (Retnawati, 2014). 

Table 10. The Covariance Matrix. 

 K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 
K1 0.0486          
K2 0.012 0.0042         
K3 0.0105 0.0034 0.0032        
K4 0.0317 0.0106 0.0093 0.0293       
K5 0.01 0.0032 0.0029 0.0085 0.0028      
K6 0.0069 0.0023 0.0021 0.0062 0.002 0.0016     
K7 0.0036 0.0011 0.0009 0.0028 0.0009 0.0007 0.0004    
K8 0.0041 0.0015 0.0012 0.0037 0.0011 0.0008 0.0004 0.0006   
K9 0.0074 0.0024 0.0022 0.0065 0.002 0.0015 0.0007 0.0009 0.0017  

K10 0.021 0.0061 0.0054 0.0148 0.0051 0.0039 0.0017 0.0025 0.0043 0.0196 

Table 10 shows the results of the variance-covariance values between groups of students' abilities. In the table, it can 
be seen that the covariance value between the ability interval groups located on the diagonal is small and close to zero. 
This result shows that there is no correlation, so it can be said that the local independence assumption test is accepted. 

Model Fit 

The model fit test was analyzed using the Winsteps program. The item requirements are called "fit to the model."If the 
Outfit MNSQ value is 0.5 to 1.5 and the Outfit ZSTD value is -2 to 2, and the Pt-Measure Correlation is positive, then it 
can be said that the item fits the model (Sumintono & Widhiarso, 2015). An item is considered fit if one of the 
conditions is accepted. In addition, it can also be seen from the MNSQ infit of 0.77 to 1.3, but at this stage, the fit of the 
model is only taken on the MNSQ and Pt-Measure outfit values. Based on the results of the analysis, all items matched 
the model or fit (Figure 5). 
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Figure 5. Item Fit on Model 

The Item Difficulty Level 

The item difficulty level was analyzed using the Winsteps program, and the results obtained were presented in Table 12 
(Measure column). The item difficulty level is in the range of -0.70 to 0.84. From Table 12, the highest difficulty level is 
item 40 (difficulty level 0.84), and the lowest difficulty level is item 1 (difficulty level -0.70). Since the difficulty level is 
in the range of 2 and 2, it can be concluded that all items are in the good category. If further divided into three 
categories, the difficulty level of items in the range of -0.7 to 0.84 is moderate (Sumintono & Widhiarso, 2015). It can 
also be seen on the difficult map items, namely that the difficulty level is in the range of -2 and 2. 

 

Figure 6. Item Difficulty Level 
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Figure 7. Item Difficulty Map 

The Item Discrimination 

The item discrimination analysis used the Winsteps program, and the results are presented in Figure 8 (PT-Measure 
Correlation column). Item discrimination is in the range of 0.23 to 0.74, with details of 27 items having an index above 
0.4 (good category), and 13 items having an index below 0.4 (bad category). However, the 13 items can be used as an 
instrument as long as the index is above 0 (Alagumalai et al., 2005). 

 

Figure 8. Item Discrimination 
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Comparative Analysis Between Classical and Modern Theory 

The results of the analysis of classical and modern theories obtained the index of difficulty level and item 
discrimination as follows. 

Table 11. Comparison of Classical and Modern Theories 

Parameter 
Classical Theory Modern Theory 

Many Items with 
Good Categories 

Percentage Many Items with 
Good Categories 

Percentage 

Difficulty level 40 100 40 100 
Item discrimination 2 0.05 27 67.5 

Based on Table 11, the level of item difficulty analyzed by classical and modern theory has the same results (good 
category). However, item discrimination using modern theory has more items in the good category than classical 
theory. If we compare the index of discriminatory items between classical (Table 7) and modern (Figures 6 and 8), it 
can be seen that there is a match between the categories of item discrimination. It means that if item discrimination is 
not good with the classical theory, then item discrimination is also not good with the modern theory (13 items 
correspond to the item discrimination index, and 27 do not match). 

Information and Measurement Error (SEM) Function 

The function of information to reveal latent ability was measured by using a test that was expressed through item 
donation. The test information function is also the sum of the functions of each item. The information function is 
inversely proportional to measurement error, or standard error measurement (SEM). The value of the information 
function of the test device will be high if the items that make up the test have a high information function. The following 
is a picture of the curve of the relationship between the information function and SEM. 

 

Figure 9. Graph of Information Function and Measurement Error 

Figure 9 shows that this instrument provides information of 22.36 (maximum) and has a measurement error of 0.21 
(smallest) for medium-ability students. The lower and upper limits of the interval are the ability scores where the 
graph of the information function and the SEM graph intersect at that interval. This graph states that the greater the 
value of the information function, the smaller the measurement error (SEM), and the item information function 
expresses the strength or contribution of the test items in revealing the latent trait as measured by the test. This 
information function provides a description of the item according to the model (which helps with item selection) 
(Retnawati, 2014). These results conclude that this test instrument is suitable for students with medium abilities. 

Based on the test results, it can also be seen that the actual competency information of students in the vocational school 
was based on the test answers. Instrument analysis is based on two patterns of student answers that have the same 
tendency based on Bloom's Taxonomy (Bloom, 1956). A total of six student answers were selected as samples with 
different abilities (high, medium, and low). 

Item 1: The cognitive domain to be achieved is C2 (Understanding). Based on students' answers, the two dominant 
patterns of student answers are: (1) students have understood the general form of arithmetic sequences and know the 
first term and other terms, and (2) students have not been able to formulate general forms in arithmetic sequences and 
perform algebraic operations on general forms arithmetic sequence. 

  



1452SUTIARSO ET AL./ Developing Assessment Instrument Using Polytomous 
 

 Question 1: Pattern 1: Pattern 2: 

 

  

Figure 10. An ExampleofStudent Answers in Item 1 

Item 2: The cognitive domain to be achieved is C2 (understanding). Based on students' answers, the two dominant 
patterns of student answers are (1) being able to understand the number of terms in a sequence by using the general 
formula for an arithmetic sequence, or determining the number of arithmetic sequences without using a general 
formula (only writing down all the terms from the first term until the last term) and (2) students who can already use 
the general formula for arithmetic sequences but have not been able to determine the number of arithmetic sequences 
because of errors in performing algebraic operations on general arithmetic sequences. 

Question2: Pattern 1 Pattern 2 

 
  

Figure 11. An ExampleofStudent Answers in Item 2 

Item 3: The cognitive domain to be achieved is C3 (applying). Based on students' answers, the two dominant patterns 
of student answers are: (1) students have understood and determined the difference between two non-adjacent 
arithmetic sequences using the general formula for arithmetic sequences, and (2) other students can determine the 
number of arithmetic sequences even though they are not using a general formula or by writing the terms of the known 
terms and inserting several terms. 

Question 3: Pattern 1 Pattern 2 

 

 

 

 

Figure 12. An Exampleof Student Answers in Item 3 

Item 4: The cognitive domain to be achieved is C3 (applying). Based on students' answers, the two dominant patterns 
of student answers are: (1) students have understood and can determine the nth term in an arithmetic sequence that is 
known to be two non-adjacent terms using the general formula for arithmetic sequences, and (2) students cannot 
determine the number of arithmetic sequences because it does not use a general formula but by writing the terms of 
the known terms and inserting several terms and continuing until the nth term. 
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Question 4: Pattern 1 Pattern 2 

 

  

Figure 13. An Example of Student Answers in Item 4 

Item 5: The cognitive domain to be achieved is C1 (remembering). Based on students' answers, the two dominant 
patterns of student answers are: (1) students have understood and determined the middle term of an arithmetic 
sequence, and (2) students can determine the middle term of an arithmetic sequence but do not use general formulas, 
but rather by writing the terms from known terms and inserting several terms and then defining them. 

Question 5: Answer Pattern 1 Answer Pattern 2 

 
 

 

Figure 14. An Example of Student Answers in Item 5 

Description of Instrument Development and Student Ability 

The instrument developed from this research is the open polytomous response test, and all parameters have been 
accepted. This instrument is a combination of a multiple-choice test and an essay. Multiple choice test is easier to check 
students' answers, but their mathematical thinking processes cannot be known in depth. While the essay test has the 
advantage of being able to find deeper mathematical thinking processes, it takes a long time to check the answers. 

Analysis of learning instruments is an important source of composite scores in the final report. In the final report, the 
student's ability score was first changed to a score of 0–10 (previously 0–100). The conversion is done through a linear 
transformation by dividing the student's score by the ideal score. Then, the result is multiplied by 10 to get a value 
range of 0–10 or multiplied by 100 to get a value range of 0–100. In the range of 0–10, the scores of students' 
mathematical ability were 8.56 (highest) and 4.31 (lowest), or in the range of 0–100, students' math ability scores were 
85.6 (highest) and 43.1 (lowest). 

The results of the analysis of student abilities are presented in the form of predicates ranging from very low to very 
high according to the specified category. The results of this analysis show that most students have very low to medium 
abilities, as much as 62% (253 students), and the remaining 38% (160 students) have high and very high abilities. 
Other analysis results found that high and very high-ability students tend to work according to concepts with more 
creative completion steps (different from the teacher's example), but students who have very low to medium abilities 
can solve problems according to concepts with less creative completion steps (e.g., routine or according to the teacher's 
example). 

Other results show that the assessment with an open response polytomous makes it easier for teachers to explore 
students' difficulties with a material. Then, from this exploration, the teacher can continue with improvements for 
students who have learning difficulties. An important finding of this study is that information about students' learning 
difficulties through the open polytomous response test is more secondhand and complete than other assessment 
instruments, such as multiple-choice tests(Gierl et al., 2017) or essay tests(Putri et al., 2020). 

Discussion 

This research is development research aimed at developing a good mathematical assessment instrument using 
polytomous responses according to classical and modern theories. The results of the data analysis found that there 
were differences in the results of the analysis between classical theory and modern theory, namely on item 
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discrimination. Classical theory analysis obtained 38 items with bad criteria and only 2 items with good criteria. In 
contrast, modern theory analysis obtained 27 items with good criteria and 13 items with bad criteria. According to 
evaluation theory, modern theory aims to cover the weaknesses of classical theory. The results of the classical theory 
analysis are often categorized as poor, but modern analysis results are categorized as good, and vice versa (Retnawati, 
2014). That is, an item that is not in a good category with classical theory should be analyzed according to the modern 
theory before revising or replacing the item. 

Research on learning assessment with open response polytomous was carried out by Yang et al. (2017). This research 
aims to diagnose student errors in completing calculus material at university. The instrument compares two types of 
test namely the two-tier test and the open polytomous response test. The research findings suggest that the open 
polytomous response test provides more detailed information on student error than the two-level test (see Figure 15). 
The research findings are in line with the results of this study, which states that the open polytomous response test 
provides more detailed information about students' abilities. 

  

Figure 15. An Example of Student Answers on The Two-Tier Test and The Open Polytomous 

Response Test 

Another study on learning assessment with open response polychromous was conducted by 
Ayanwale(2021).Ayanwale's research compares two polytomous response test analysis methods namely the Parallel 
and Partial Credit Model. The results of his research stated that the Partial Credit Model analysis had a first factor 
Eigenvalue of 20.5% (ideal Eigenvalue of more than 20%) compared to the Parallel analysis, which had the first factor 
Eigenvalue of 11.7%. The results of Ayanwale's research are in line with this study, which obtained the first factor 
Eigenvalue of 20.220%, and the author can state that the instrument developed is suitable to be used to assess 
vocational students in Indonesia, maybe even outside Indonesia. 

Other studies related to classical and modern theory were conducted bySarea (2018)and Saepuzaman et al.(2021). 
Sarea's research states that the response polytomous test has good criteria (classical and modern theory), and the 
classical theory analysis has more items than modern theory. Meanwhile, Saepuzaman's research found that the 
response polytomous test had good criteria (classical and modern theory), and the modern theory analysis had more 
items than classical theory. 

The results of the analysis of student answers obtained information that there were two patterns of students' solving 
questions: (1) formulasand (2) trial and error. Students who use formula patterns in solving problems tend to be 
carried out by high-ability students, and students who use trial and error patterns tend to be carried out by students 
with medium and low abilities. Students who use both patterns can answer the questions correctly as shown in Figure 
16 below. 
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(i) 

 

(ii) 

Figure 16. An Example of Student Answer Patterns with (i) Formulas, (ii) Trial and Error 

Both patterns of solving math problems are common ways. This is in line with the opinion of Mason et al. (2010) that 
there are several ways that can be used in solving math problems, namely trial and error, using a drawing or model, 
analogy, and formula. Syahlan(2017) states that two ways that students often use to solve math problems are (1) trial 
and error and (2) formulas. Usually, students use trial and error methods to solve easy problems and formulas methods 
to solve difficult questions. If combined with student answers and Syahlan's opinion, students with medium and low 
abilities in solving easy questions will use trial and error methods, and students with high abilities in solving difficult 
questions will use formulas. 

The results of these student answers can be important information for teachers in teaching mathematics. This means 
that before teaching material, the teacher must know the students' initial abilities (high, medium, or low) and the level 
of difficulty of the material. Some of the benefits for teachers who know students' initial abilities are: teachers can 
develop professionally centered on students  (Gonzalez, 2018), teachers can adjust the level of cognitive and increase 
student learning engagement (Dong et al., 2020), assist teachers in designing pedagogical practices and correcting 
students' misconceptions (Geofrey, 2021).In addition, the benefit for teachers who know the level of difficulty of a 
material is that they can design remedial learning plans(Muhson et al., 2017; Wulanningtyas et al., 2020).The 
description above shows that there are many benefits that the teacher will get if the teacher knows the students' actual 
abilities, and this can be known by the teacher if the teacher uses the open polytomous response test. 

Conclusion 

Based on the results of the research and discussion, it can be concluded that (1) the open polytomous response test has 
a good category according to classical and modern theory. Thus, the test instrument requirements are accountable 
(qualifies for a good test) is a good test instrument according to the analysis of the two theories (classical and modern 
theory), and (2) the open polytomous response test can provide information on the actual competence of students; this 
is observed in the students' arguments in giving reasons for their choices. This is observed in the students' arguments 
when giving reasons for their choices. Therefore, the open polytomous response test can be used as an alternative to 
learning assessment. 

Recommendation 

Based on the research results, there are several recommendations for teachers, schools, and other researchers. For 
teachers, they should familiarize students with giving a test in the form of a polytomous response before giving the test. 
In schools, principals or other leaders should encourage other teachers to take advantage of this test and develop other 
assessment instruments. For other researchers, they should conduct research by developing instruments with other 
polytomous responses (assessment of learning and assessment as learning) on other materials. In addition, for further 
research, it is suggested to conduct a study that develops an assessment instrument with a learning response 
polytomous (pretest). This is important so that students' prior knowledge can be known and learning can be effective. 
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Limitations 

The research carried out has several limitations. Firstly, the selected schools have not met the researchers' 
expectations, for example, representing schools of high, medium, and low quality. In addition, during the collection of 
research data that begins with learning, it is not fully controlled by the researcher, so the students who are the research 
samples are less conditioned. The research is only limited to algebraic materials (sequences and series, matrices, 
equations, and quadratic functions), and does not represent other mathematical materials, such as geometry and 
statistics. 
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Appendix 

Instrument of the Open Polytomous Response Test 

Name of Student  : ………………………………. 

Class/Department : ………………………………. 

School    : ………………………………. 

 

Instructions:Mark (x) one of the correct answer choices, and give the reason  

(use another piece of paper to write down your reason) 

 

1. Given an arithmetic sequence: 3, 8, 13, 18, 
....The formula for the nth term of the 
sequence is .... 
A. Un = 5n – 3D. Un = 4n – 1 
B. Un = 5n – 2E. Un = 3n + 2 
C. Un = 4n – 1 
 
Reason: ..................................................... 
 

2. Given an arithmetic sequence: 2, 5, 8, 11, 
…,68.The number of terms in the sequence 
is… 

A. 12D.23 
B. 13E.24 
C. 22 
 
Reason: ...................................................... 

3. An arithmetic sequence, the 5th term is 31 
and the 8th term is 46. The difference 
between the sequences is... 
A. 5D.8 
B. 6E.11 
C. 7 
 

Reason: ...................................................... 
 

4. The 4th and 9th terms of an arithmetic 
sequence are 110 and 150. The 30th terms of 
the arithmetic sequence are... 

A. 308D.344 
B. 318E.354 
C. 326 

 
Reason: .............................................................. 

5. An arithmetic sequence is: 3, 8, 13, 18, …, 
103.Then the middle term of the sequence 
is … 
A. 53D.11  
B. 52E.10 
C. 20 
 

Reason: ....................................................... 
 

6. Given the arithmetic sequence: 4, 10, 16, 22, 
….If two numbers are inserted in every two 

consecutive terms then the 10th term of the 
sequence is... 

A. 18D.24 
B. 20E.26 
C. 22 
 

Reason: ................................................................. 
 

7.The nth term of an arithmetic series is Un = 
3n – 5. The formula for the sum of the first 
n terms of theseries is ... 

A. 𝑆𝑛 =
𝑛

2
(3𝑛 − 7)D.  𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

B. 𝑆𝑛 =
𝑛

2
(3𝑛 − 5)E.  𝑆𝑛 =

𝑛

2
(3𝑛 − 3) 

C. 𝑆𝑛 =
𝑛

2
(3𝑛 − 4) 

Reason: ......................................................... 
 

8. The sum of the first n terms of an arithmetic 
series.Sn = n2 – 19n. The formula for the nth 
term of the Series is...... 

A. 5n – 20D.2n – 20 
B. 5n – 10E.2n – 10 
C. 2n – 30 
 

Reason: .................................................................. 
 

9.The sum of all integers between 100 and 300 
which are divisible by 5 is ... 
A. 8,200D.7,600 
B. 8,000E.7,400 
C. 7,800 
 
Reason: ........................................................ 
 

10. PT.Angkasa Jaya in the first year produced 
5,000 units. In the second year, production 
was reduced by 80 units per year. In what 
year did the company produce 3,000 units? 
A. 24D.27 
B. 25E.28 
C. 26 
 
Reason: ............................................................... 

11. The middle term of an arithmetic sequence 12. A number of candies are distributed among 
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is 25.If the difference is 4 and the 5th term 
is 21.Then the sum of all the terms in the 
sequence is ... 
A. 175D.295 
B. 189E.375 
C. 275 
 
Reason: ........................................................ 
 

five children according to the rules of an 
arithmetic sequence. The younger the child, 
the more candy he gets. If the second child 
receives 11 pieces of candy and the fourth 
child 19 pieces, then the total number of 
candies is... pieces 
A. 60D.75 
B. 65E.80 
C. 70  
 
Reason: ................................................................. 

 
13. The sum of the first n terms of a series is 

2n2-n.So the 12th term of the series is... 
A. 564D.45 
B. 276E.36 
C. 48 
 
Reason: ................................................................... 
 

14. The number of terms in thegeometric 
sequence:3, 6, 12, ..., 3072 is ... 
A. 9D.12 
B. 10E.13 
C. 11 

 
Reason: ................................................................... 
 

15. A geometric sequence has the 2nd term is 
8, and the 5th term is 64. The 7th term of 
the sequence is ... 
A. 32D.256 
B. 64E.512 
C. 128 
 
Reason: ................................................................... 
 

16. The value of the middle term of the 
geometric sequence:  
6, 3, …, 3/512is … 

A.
1

16
D.

4

16
 

B.
2

16
E.

5

16
 

C.
3

16
 

Reason: ............................................... 
 

17. A piece of wire is cut with the first piece 
being 8 cm, and the next piece 1.5 times the 
previous cut. Then the 5th piece is... cm 
A. 18D.35 
B. 24E.40.5 
C. 27.5 
 
Reason: .................................................................... 

 

18. The sum of an infinite geometric series is 12 
and the first term is 9. The ratio is ... 

A. 
3

4
D. −

1

2
 

B. 
1

4
E. −

3

4
 

C. 
1

3
 

 
Reason: .................................................................. 
 

19. A ball falls from a height of 10 m and 
bounces back 3/4 times its previous height. 
The total number of paths until the ball 
stops is.... m 
A. 60D. 90 
B. 70E. 100  
C. 80  

 
Reason: ........................................................ 

 

20. Given[
4 8 5
6 3 1

] = [
2𝑎 𝑏 + 𝑎 5
6 3 1

].  

 
The value of 3a + b is ... 
A. 8D. 14 
B. 10E. 20 
C. 12 

 
Reason: ......................................................... 

21. Given 𝐾 = [
𝑎 2 3
5 4 𝑏
8 3𝑐 11

]and  

𝐿 = [
6 2 3
5 4 2𝑎
8 4𝑏 11

].If K = L, then cis ... 

A. 12D. 15 
B. 13E. 16 
C. 14 

 
Reason: ................................................................ 
 

22. Given𝐴 = [
1 2
3 4

] , 𝐵 = [
2 3
0 1

], 

 𝐶 = [
5 2

−1 0
].Then (A + C) – (A + B) is ... 

 A. [
5 4
5 4

] D. [
3 −1

−1 −1
] 

B. [
4 7
2 5

] E. [
7 −1
1 −1

] 

        C. [
4 0

−4 −4
] 

 
Reason: ..................................................................... 

 



European Journal of Educational Research1461 
 

23. Given matrix 𝑃 = [
1 3 1
2 4 5
0 7 6

], then (𝑃𝑡)𝑡is... 

A. [
1 2 0
3 3 7
1 5 6

]D. [
0 7 6
2 4 5
1 3 1

] 

B. [
1 3 1
3 3 7
1 5 6

]E. [
0 7 6
2 4 5
1 3 1

] 

C. [
1 3 1
2 4 5
0 7 6

] 

 
Reason: ................................................................. 

 

24. Given matrix𝐴 = [
2𝑥 −5
3 𝑦

], 𝐵 = [
𝑦 2
2 4

], 

and 𝐶 = [
8 −3
5 2𝑥

].  

 
If A + B = C, then x + y = ... 
A. –5D. 3  
B. –1E. 5 
C. 1 
 
Reason: .......................................................... 
 

25. If 𝐴 = [3 5] and 𝐵 = [
1 4
2 6

], then 2AB is... 

A. [13 42]D. [13 84] 
B. [26 84]E. [30 36] 
C. [26 42] 

 
Reason: ................................................................... 

 
 

26. If 𝐴 = [
1 −3

−2 4
], 𝐵 = [

−2 0
1 3

],and  

𝐶 = [
3 −1
1 −2

]then A(B – C) = ... 

 

A. [
−5 −14
10 18

]D. [
1 −2

−2 2
] 

B. [
−5 −4
10 6

]E. [
−7 19
−2 20

] 

C. [
1 −16

−2 22
] 

 
Reason: .......................................................... 
 

27.  Matrix X that satisfies [
1 2
3 4

] 𝑋 = [
4 3
2 1

] 

is ... 

A. [
−6 −5
5 4

]D. [
4 −2

−3 1
] 

B. [
5 −6
4 5

]E. [
4 −2

−3 1
] 

C. [
−6 −5
4 5

] 

 
Reason: ............................................................ 
 

28. If matrix𝐴 = [
3 −𝑥
6 8

] is singular matrix.  

Value of x that satisfies is …. 
 
A. – 5D.3 
B. – 4E.4 
C. – 3 

 
Reason: ........................................................... 

 

29. Given matrix A = [
0 2 3

−2 0 4
−3 −4 0

], then 

matrix determinant A is ... 
A. 0D.2 
B. 1E.4 
C. 2 
 
Reason: ................................................................ 

 
 

30. Transpose matrix Pis PT. IfP = [
4 7
3 5

] then 

matrix (PT) – 1is ... 

A. [
−5 7
3 −2

]              D. [
−3 5
4 −7

] 

B. [
3 −4

−5 7
] E. [

4 −3
−7 5

] 

C. [
−5 3
7 −4

] 

 
Reason: ................................................................... 

31. Given 𝐴 = [
4 3
2 2

]and𝐵 = [
5 2
3 1

].  

Inverse matrix (AB) – 1 = ... 
 

A.
1

2
[
−6 11
16 −29

]      D. −
1

2
[

6 11
16 29

] 

B.
1

2
[
29 11
16 6

]          E. −
1

2
[
−6 11
16 −29

] 

C. −
1

2
[
29 11
16 6

] 

 
Reason: ............................................................... 
 

32. The roots of the quadratic equation 3 and 
– 4 are ... 
A. 𝑥2 + 𝑥 − 12 = 0 
B. 𝑥2 − 𝑥 − 12 = 0 
C. 𝑥2 − 𝑥 + 12 = 0 
D. 𝑥2 − 3𝑥 + 4 = 0 
E. 𝑥2 − 4𝑥 + 3 = 0 
 
Reason: ..................................................................... 

33. The roots of the quadratic equation 34. The roots of the equation𝑥2 − 2𝑥 − 3 = 0 
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5𝑥2 + 4𝑥 − 12 = 0 are … 

A. −2and
5

6
             D. −2and−

6

5
 

B. 2and−
5

6
E. −2and

6

5
 

C. 2and
6

5
 

 
Reason: ........................................................... 
 

are 𝑥1 and𝑥2.If 𝑥1 > 𝑥2, then 𝑥1 − 𝑥2is … 
A. −4D. 2 
B. −2E. 4 
C. 0 

 
Reason: .......................................................... 

35. The roots of the quadratic equation: 
2𝑥2 − 3𝑥 − 9 = 0 are 𝑥1 and𝑥2. Value of 
𝑥1

2 + 𝑥2
2is … 

A. 11
1

4
D. −6

3

4
 

B. 6
3

4
                       E. −11

1

4
 

C. 2
1

4
 

 
Reason: .............................................................. 
 

36. The roots of the quadratic equation:  
𝑥2 + 2𝑥 + 3 = 0 are α and β. The quadratic 
equation(α – 2) and (β – 2) is … 
A. x2 + 6x + 5 = 0 
B. x2 + 6x + 7 = 0 
C. x2 + 6x + 11 = 0 
D. x2 − 2x + 3 = 0 
E. x2 + 2x + 11 = 0 
 
Reason: ......................................................... 
 

37. A quadratic function that has a minimum 
value 2 for x = 1 and has a value of 3 for x = 
2 is … 
A. 𝑦 = 𝑥2 − 2𝑥 + 1 
B. 𝑦 = 𝑥2 − 2𝑥 + 3 
C. 𝑦 = 𝑥2 + 2𝑥 − 1 
D. 𝑦 = 𝑥2 + 2𝑥 + 1 
E. 𝑦 = 𝑥2 + 2𝑥 + 3 
 
Reason: ............................................................. 
 

 

38. The figure below is a graph of the quadratic 
equation? … 
A. 𝑦 = 𝑥2 + 2𝑥 + 3 
B. 𝑦 = 𝑥2 − 2𝑥 − 3 
C. 𝑦 = −𝑥2 + 2𝑥 − 3 
D. 𝑦 = −𝑥2 − 2𝑥 + 3 
E. 𝑦 = −𝑥2 + 2𝑥 + 3 

 
Reason: ......................... 

39. If f is a quadratic function whose graph 
passes through the points (1,0), (4,0) and 
(0, –4) then the value of f(7) is … 
A.  – 16D. – 19 
B. – 17E. – 20 
C. – 18 
 
Reason: ...................................................... 
 

40. The graph equation of a quadratic function 
has an extreme point (–1, 4) and through (0, 
3) is … 

A. 𝑦 = −𝑥2 + 2𝑥 − 3    D. 𝑦 = −𝑥2 − 2𝑥 − 5 
B. 𝑦 = −𝑥2 + 2𝑥 + 3    E. 𝑦 = −𝑥2 − 2𝑥 + 5 

   C. 𝑦 = −𝑥2 − 2𝑥 + 3 
 
Reason: .............................................................. 
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