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Abstract. This study aims to determine the validity, practicality, and effectiveness of the assessment
for learning instrument polytomous response model to train higher order thinking skills. This research
method is based on research and development (R & D) adapted from Gall, et al. with development
steps, namely research and information collection, planning, initial product development, limited
trials, initial product revisions, field trials, and final product revisions. Data sources in this
development are students and high school class X teachers in Lampung province. The instruments
used are questionnaires and test instruments. Data analysis techniques using validity test, practicality
test, and N-gain test. Research shows that the assessment for learning instrument polytomous
response model to train higher order thinking skills as a reliable value of 0,91; the instrument's
validity value is 0,82; the practicality value of the instrument is 0,82, and the instrument effectiveness
value is 0,74. It can be concluded that the product developed is an assessment for learning an
instrument of polytomous response model which has very high validity, very high practicality, and
high effectiveness in training higher order thinking skills.

1. Introduction
The 2013 curriculum emphasizes that students are able to observe, ask, reason, and communicate what they
have gained after receiving a lesson. In addition, the 2013 curriculum views that knowledge cannot be
transferred directly from teacher to student. Students at the high school level in particular, not only have
low-level thinking skills (lower order thinking, LOT) but must arrive at the ability to think higher (higher
order thinking, HOT) in learning. The aim of the 2013 Curriculum is to be expected to improve the quality
of education in Indonesia. Besides the curriculum, things that need to be considered in improving the quality
of education are the assessment process in the classroom [1]. Forms of assessment in class that is often used
in education include objective forms and descriptions. This form of assessment is used to determine students'
ability to understand a learning material. The assessment of the objective form usually uses a dichotomy
model scoring, it is correct to score 1 and incorrectly cast 0 [2].
The ability to think high-level in physics material includes the ability to analyze, evaluate, and create
indispensable for the advancement of higher physics learning [3]. One that can help to see the development
of HOTS is the need to assess students' HOTS [4]. High-level thinking ability is the widespread use of the
mind to find new challenges [5]. Higher-order thinking skills require a person to apply new information or
knowledge he already has and manipulate information to reach possible answers in new situations. Students
are able to associate classroom learning with what happens in life [6]. The dimension of knowledge, which
consists of 4 categories of knowledge [7]. The dimensions of knowledge in question are as follows: factual
knowledge is knowledge in the form of separate pieces of information or basic elements that exist in a
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particular scientific discipline. Conceptual knowledge is the knowledge that shows the interrelations
between the basic elements in a larger structure and all of them function together. Procedural knowledge is
procedural knowledge is knowledge about how to do something that can be in the form of activities or
procedures. Metacognition knowledge is knowledge or activity that regulates cognition [8].
Written tests are a set of questions or assignments in written form that are planned to measure or obtain
information about the ability of test participants [9]. Written tests require a response from test participants
that can be used as a representation of their abilities [10]. The multiple choice item consists of the subject
matter and the choice of answers [11]. Answer choices have the right or the most appropriate choice of
answers and the other answer choices are the deceiver [12].
Assessment is the most important thing that can be done in helping students learn [13]. Assessment is
used to determine whether students have gained enough knowledge, skills, etc. Assessment should be able
to measure the ability of students in mastering the material, but can also be an assessment for learning.
Shifting the assessment of learning outcomes towards assessment for learning or often referred to as
assessment for learning [14]. Using assessment for learning to support learning improvement, they will
achieve the goals of learning. The right strategy of teachers and students in developing learning can be to
support learning. Assessment for learning is proven to improve learning [15]. Assessment of good
assessment for learning is an assessment which is carried out by anyone who will produce the same value,
this can be achieved if there is an assessment rubric.
Assessment for learning in the opinion of experts is to serve students to learn more so that if the learning
objectives have not been achieved, the next learning process can be immediately changed in order to achieve
the goals of learning [16]. Assessment for learning is more than just assessing students and providing
teachers with assessment results to revise instructional learning [17]. Assessment for learning carried out by
the teacher, the assessment results can be used to modify the learning process [18]. Assessment for learning
is generally recognized that the use leads to a higher rate of process learning[19]. Teachers should use
assessment to plan lessons, identify students' needs in learning and re-teach material that is not well
understood by students [20].
Instrument assessment for learning the polytomous model is an instrument to assess the learning process.
This instrument is in the form of polytomous or multiple reasoned options where each step in answering has
a certain value that does not have to be the same. This assessment is better than the assessment that is often
used by teachers. Because the assessment of the teacher’s instruments every step has the same value. An
alternative approach that can be used is the item response approach for polytomous scoring. Early
development of polytomous item response theory, the more well-known model is the expansion of Rasch
models called the partial credit model (PCM). In items that are stored in a tiered category, the value of
difficulty in each step does not need to be sequential, a step can be more difficult or easier than the previous
stage [21]. The polytomous model has two model parameters, namely the level of difficulty and different
parameters [22]. In terms of constructs, PCM questions need more complex skills in compiling them,
especially with regard to selecting answers to each item. Determination of alternative answers in the form
of objective tests is very important related to the level of opportunity to take the test to answer correctly by
guessing. An alternative form of test that can be used is the application of the PCM-shaped polytomous
model scoring [23]. The dichotomous scoring model cannot be used to find errors made by students, because
all wrong choices are given a score of 0 and the correct answer choice is given a score of 1. Therefore, it is
necessary to score a polytomous response model.
2. Methods and Materials
This research method is based on research and development research (R & D) design [24], using 7 steps of
development consisting of research and information gathering, planning, initial product development,
limited trials, product revision start, field trial, and final product revision. The first phase yang do is research
and collection of information. Needs analysis was carried out on 30 students and 5 physics teachers in
Pringsewu District, South Lampung Regency, and Pesawaran District. Preliminary research data was
collected using a questionnaire. Preliminary research is carried out to obtain the real conditions of
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instruments used by teachers in schools [25]. This preliminary study obtains quantitative data descriptively,
then the data in the analysis. After analyzing the data, the design of the assessment for learning model of the
polytomous response model was carried out starting from determining the indicators to be used to designing
the products developed. Furthermore, at the stage of the validation test, an expert test was conducted to
determine the validity of the instrument by using three validators. Expert validation test uses expert test
questionnaire by giving scores 5, 4, 3, 2, and 1 with answer choices according to the question content,
namely: "Very valid", "Valid", "Fairly Valid", "Less Valid" and "No Valid ". The results of the assessment
are then searched for [26]by using the formula:
Score Average =

 
ℎ    

After obtaining the average, then converted to an assessment statement. The conversion of scores [27]to
an assessment statement is presented in Table 1.
Tabel 1 Criteria Score
Average Score
Classification
0,80 ≤ rxy ≤ 1,00
Very High
High
0,60 ≤ rxy< 0,80
Medium
0,40 ≤ rxy< 0,60
0,20 ≤ rxy< 0,40
Low
0,00 ≤ rxy< 0,20
Very Low
The next stage is the product testing phase, this stage is carried out on 30 students to find out the value
of the reliability of the results of development assessment instruments. Analysis of the reliable value of
instruments using ministep 4.0.1 software. After obtaining a reliable value of the instrument, it is then
converted to an assessment statement. Conversion becomes an assessment statement using classification,
namely: 0,80 <rxy with the classification "Very Good"; 0,70 ≤ rxy<0,80 rxy "Good"; 0,60 ≤ rxy<0,70 with
the classification "Enough"; 0,50 ≤rxy<0,60 with the classification "Ugly"; rxy<0,50 with the "Bad"
classification.
The practicality testing phase of the instrument using the assessment for the learning instrument response
polytomous model was tested to three high school teachers. Practicality test uses practicality test
questionnaire by giving scores 4, 3, 2, and 1 with answer choices according to the question content, namely:
"Very Practical", "Practical", "Less Practical", "Invalid". The results of the assessment are then searched
for[28] by using the formula:
 
Score Average =
ℎ    
After obtaining the average, then converted to an assessment statement. The conversion of scores into
an assessment statement is presented in Table 1.
The field testing phase using assessment for learning instruments is a polytomous model of response in
learning activities. The data collected came from the students' pretest and posttest scores. This value is
used to determine the effectiveness of the product in training students' higher order thinking skills.
Analysis of the results of the pretest and posttest to test the effectiveness of the product used the n-gain
score. The n-gain score[29] is obtained from the following formula:

g   normalized gain 

post test  pre test
skor maksimum  pre test

The results of the gain calculation are then interpreted with the average normalized gain using
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classification, namely: (g) ≥ 0.70 with the "High" classification; 0,30≤ (g)> 0,70 with the classification
"Medium"; and (g) <0.30 with a "Low" classification. Knowing that there is an increase between pretest and
posttest instruments is said to be effective in training higher order thinking skills. The basis of decision
making is based on the classification of the n-gain value of the pretest and posttest analysis.
3. Results and Discussion
The results of this research and development are an assessment for learning instrument polytomous response
model to train higher order thinking skills. The results of each stage of the development procedure are as
follows: the research stage and information gathering. This stage it is used to find out the instruments used
by the teacher, whether referring to high-level thinking indicators or not because in the 2013 curriculum
students are required to be able to think high. Analysis of potential and problems was carried out in five
physics teachers in several schools namely; SMAN 1 Adiluwih, Pringsewu Regency, MA Al-hidayah, South
Lampung Regency, and MA Al-Hidayat Gerning, Pesawaran District, as well as 30 students of class X1
MIA 1 at SMAN 1 Adiluwih, Pringsewu Regency. After the researchers conducted preliminary research to
find out information in schools the researchers also analyzed the results of the preliminary research
questionnaire. Based on the needs analysis, it is known that 20% of teachers stated that they had an
assessment for learning instrument to measure HOTS students, 20% of teachers and 9.67% of students stated
that teachers used assessment for learning instruments of polytomous response models to measure HOTS
students, 0% of teachers stated that they were willing to assessment for learning instrument polytomous
response model to measure HOTS students, as well as 80% teachers and 79.17% students aim when
developed assessment for learning instrument polytomous response model to measure HOTS students.
Based on a literature review conducted by researchers, the instruments available in schools are only
examples of conventional assessment instruments that do not fit the polytomous response model to measure
higher-order thinking skills in physics learning. Available instruments are dichotomy and description
instruments. so far there has been no development of an assessment for learning instrument for polytomous
response models to train students' higher order thinking skills (HOTS) in physics learning. The instruments
that have been developed are assessment for learning instruments in physics learning in simple harmonic
motion material.
Planning phase, at this stage researchers design development product designs [30]. The design of product
development consists of three parts. The first part consists of the front cover, foreword, table of contents. In
the middle section consists of grids, items, and scoring rubrics. The final part consists of recapitulation of
values, bibliography and back cover. The instrument developed consisted of 30 questions about the
polytomous response model with 15 for the pretest and 15 for the posttest. The instrument to be developed
is accompanied by an assessment rubric so that anyone who uses it can objectively assess it not subjectively.
The instruments developed were examined related to construct validity, substance validity and language
validity. The instrument validation test developed was tested to 3 experts in the constructive, substance, and
language aspects. Retrieval of validator test data by using expert test questionnaires related to construction,
substance, and language [31]. The results of the instrument validation test were obtained by using the expert
validation expert test questionnaire which was tested to validator 1, validator 2, and validator 3. After
validating the test, the researcher analyzed the validation questionnaire results. The instrument test results
data can be seen in Table 2.

Aspect
Construction
Contains
Language

Table 2 Instrument Validation Value
Validator
Average
1
2
3
77,14%
80,00%
88,57%
81,90%
72,00%
84,00%
76,00%
77,33%
80,00%
86,67%
86,67%
84,45%

Classification
Very High
High
Very High

The validation test questionnaire contains 7 aspects of construction. The average total score of the three
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validators regarding the fulfillment of the construction aspects of the instruments that have been developed
is 81.90% which means very high. The validation test questionnaire contains 5 aspects regarding the
substance. The average total score of the three validators regarding the fulfillment of the substantial aspects
of the instruments that have been developed is 77,33% which means high. The validation test questionnaire
contains 3 aspects of the language. The average total score of the three validators regarding the fulfillment
of the language aspects of the instruments that have been developed is 84,45% which means very high. The
value of each aspect is more than 60%, means fulfilling the validity criteria of the instrument. This, the
instrument can be said to be valid and can be used in training high-level thinking skills [32].
Limited trial phase, at this stage the development instrument was limited to 30 students of class XI. In
this limited trial, it was found that the reliability value of 15 Pretest Questions can be seen in Figure 5 and
the reliability value of 15 Pretest Questions can be seen in Figure 1. The results of the reliability analysis of
the questions revealed that the Cronbach Alpha score was 0,92. This shows the reliability of the Pretest
question in the excellent category. The value of Reliability Measured Item of 0,90 means that the quality of
the items in the reliability aspect instrument is good. The value of Reliability Measured Person is 0,92, it
can be concluded that the consistency of answers from students is good reliability. Separation Measured
Item value of 3,06 means that the problem consists of 4 questions. The group of questions is a group of
questions that are very easy, groups of questions are easy, groups of questions are difficult, and groups of
questions are very difficult. Separation Measured Person value of 3,33 means that students consist of 4
groups of students. The group of students is a group of students with low abilities, groups of students with
less ability, groups of students with sufficient abilities, and groups of students with good abilities. The Mean
Measured Person value of -0,87 shows that the average student ability tendency is smaller than the difficulty
level of the pretest problem [33].

Figure 1 Pretest Problem Reliability
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Figure 2 Posttest Problem Reliability
The results of the reliability analysis of the Posttest questions were known that the Cronbach Alpha value
was 0,91. This shows the reliability of the Posttest question in a very good category. The value of Reliability
Measured Item is 0,90, it can be concluded that the quality of the items in the reliability aspect instrument
is good. The value of Reliability Measured Person is 0,90, it can be concluded that the consistency of
answers from students is of good reliability. The Separation Measured Item value of 3,06 can be concluded
that the problem consists of 4 questions groups. The group of questions is a group of questions that are very
easy, groups of questions are easy, groups of questions are difficult, and groups of questions are very
difficult. Separation Measured Person value of 2,96 can be concluded that students consist of 4 groups of
students. The group of students is a group of students with less ability, groups of students with low abilities,
groups of students with sufficient abilities, and groups of students with good abilities. Mean Measured
Person value of -1,03 shows that the average student ability tendency is smaller than the difficulty level of
the problem [34].
The initial product revision phase, in the product revision phase based on limited trials, researchers did
not make improvements. There are no suggestions for improvement from the limited trials that have been
carried out. Field trial phase, in the field trial phase researchers, used two classes, namely class X MIA 1
and X MIA 2. Both classes were made into an experimental class. At the 1st meeting in MIA 1 class and
MIA 2 class, 5 pretest questions were studied before learning and 5 posttest questions were tested after
learning. Problem pretest and posttest tested consists of questions related to factual knowledge as much as
1 question is No. 1, related conceptual knowledge as much as 2 questions are No. 2 and No. 4, and related
metacognitive knowledge as much as 2 questions are No. 3 and No. 5. The value of n-gain after learning the
1st meeting can be seen in Table 3.

Aspect
Factual
Conceptual
Metacognitive

Table 3 N-gain first meeting class X MIA 1 and X MIA 2
Class X MIA 1
Class X MIA 2
Pre test
Post test
N-Gain
Pre test
Post test
2,171
4,200
0,530
2,114
2,971
1,686
2,971
0,298
1,457
2,443
1,286
2,457
0,248
1,086
2,000
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The meeting first in MIA 1 class obtained the N-gain value on factual knowledge of 0,530 showing an
increase in HOTS factual knowledge of class X MIA 1 students in the medium category. The n-gain value
on conceptual knowledge of 0,298 shows an increase in HOTS conceptual knowledge of class X MIA 1
students in low categories. The n-gain value of metacognitive knowledge is 0,248 which shows an increase
in HOTS of metacognitive knowledge of class X MIA 1 students in low categories. This shows the need to
improve the learning process in training HOTS ability of class X MIA 1 students on factual knowledge,
conceptual knowledge, and metacognitive knowledge.
The meeting first in class MIA 2 n-gain values obtained on factual knowledge amounted to 0,221 show
an increasing understanding of factual knowledge HOTS class X MIA 2 in the lower categories. The value
of n-gain in the conceptual knowledge of 0,217 shows an increase in HOTS understanding of conceptual
knowledge of class X MIA 2 students in low categories. The n-gain value on metacognitive knowledge is
0,186, showing an increase in HOTS understanding of metacognitive knowledge of class X MIA 2 students
in low categories. This shows the need to improve the learning process in training HOTS ability of class X
MIA 2 students on factual knowledge, conceptual knowledge, and metacognitive knowledge.
Problem at meeting first tested in class MIA 1 and class MIA 2 consists of questions related to factual
knowledge as much as two questions are about No. 6 and question No. 8, a matter related to conceptual
knowledge as much as 2 questions is a matter of No. 7 and No. 9, and about related metacognitive knowledge
as much as 1 question that is a matter No. 10. The n-gain value after the execution of the learning process
can be seen in Table 4.
Table 4.N-gain second meeting class X MIA 1 and X MIA 2
Class X MIA 1
Class X MIA 2
Aspect
Pre test
Post test
N-Gain
Pre test
Post test
N-Gain
factual
2,129
5,071
0,760
2,514
4,829
0,664
conceptual
1,914
5,043
0,766
2,271
4,857
0,566
metacognitive
1,429
3,657
0,488
1,429
3,657
0,488
The meeting second in class MIA 1 n-gain values obtained on the factual knowledge of 0,760 shows
increased understanding of factual knowledge HOTS graders X MIA 1 in the high category. The value of
n-gain in the conceptual knowledge of 0,766 shows an increase in HOTS understanding of conceptual
knowledge of class X MIA 1 students in high categories. The n-gain value of metacognitive knowledge is
0,488 which shows an increase in HOTS understanding of metacognitive knowledge of class X MIA 1
students in the medium category. This shows the need for improvement of the learning process in training
HOTS ability of class X MIA 1 students on students' knowledge of metacognitive knowledge [35].
The meeting second in class MIA 2 n-gain values obtained on the factual knowledge of 0,664 shows
increased understanding of the factual knowledge HOTS class X MIA 2 in the categories of being. The
value of n-gain in the conceptual knowledge of 0,566 shows an increase in HOTS understanding of
conceptual knowledge of class X MIA 2 students in the medium category. The n-gain value on
metacognitive knowledge is 0,186, showing an increase in HOTS understanding of metacognitive
knowledge of class X MIA 2 students in the medium category. This shows the need for improvement of the
learning process in training HOTS ability of class X MIA 2 students in the knowledge of metacognitive
knowledge [36].
Problem at meeting second tested in class X MIA 1 consists of questions related to factual knowledge as
much as 1 question is about No. 12, a matter related to conceptual knowledge as much as 2 questions is a
matter of No. 13 and No. 14, and a matter related to the knowledge of metacognitive much as 2 questions
namely problem number 11 and number 15. The n-gain value after the learning process can be seen in Table
5.
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Table 5 N-gain third meeting class X MIA 1 and X MIA 2
Class X MIA 1
Class X MIA 2
Aspect
Pretest
Posttest
N-Gain
Pretest
Posttest
factual
4,171
5,314
0,750
3,771
4,686
Conceptual
2,686
4,357
0,504
2,814
3,943
Metacognitive
2,786
4,057
0,396
2,400
3,629

N-Gain
0,410
0,354
0,341

The third meeting in class MIA 1 n-gain value in factual knowledge of 0,750 shows an increase in HOTS
understanding of factual knowledge of class X MIA 1 students on a high category. The value of n-gain in a
conceptual knowledge of 0,504 shows an increase in HOTS understanding of conceptual knowledge of class
X MIA 1 students in the medium category. The n-gain value of metacognitive knowledge is 0,396 which
shows an increase in HOTS understanding of metacognitive knowledge of class X MIA 1 students in the
medium category. This shows the need for improvement of the learning process in training HOTS ability of
class X MIA 1 students on students conceptual and metacognitive knowledge.
The meeting third in class MIA 2 n-gain value on factual knowledge of 0,410 shows increased
understanding of the factual knowledge HOTS class X MIA 2 in the categories of being. The value of ngain in a conceptual knowledge of 0,354 shows an increase in HOTS understanding of conceptual
knowledge of class X MIA 2 students in the medium category. The value of n-gain in metacognitive
knowledge is 0,341 indicating an increase in HOTS understanding of metacognitive knowledge of class X
MIA 2 students in the medium category. This shows an increase in HOTS ability in class X MIA 2 students
in the medium category.
After the third meeting students were given HOTS questions to find out related to improving students
high-level thinking skills. The questions given were 5 questions with 2 questions related to understanding
the questions related to factual knowledge, namely Number 1 and Number 2, 2 questions related to
conceptual knowledge, Number 3 and Number 4, and 1 question related to metacognitive knowledge,
namely Number 15. After that, comparing the Pretest scores before students are trained to work on HOTS
questions with the Posttest score after three student meetings is done with the HOTS question of the
Polytomous Response model. The n-gain value after the learning process can be seen in Table 6.

Aspect
Factual
Conceptual
Metacognitive

Pretest
0,38
0,22
0,14

Table 6 N-gain Instrument
Posttest
N-Gain
0,83
0,79
0,82
0,77
0,72
0,67

Average N-Gain
0,74

The n-gain value in factual knowledge is 0,79, showing an increase in HOTS understanding of factual
knowledge of class X students in high categories. The value of n-gain in a conceptual knowledge of 0,77
shows an increase in HOTS understanding of conceptual knowledge of class X students in high categories.
The n-gain value of metacognitive knowledge is 0,67 which shows an increase in HOTS understanding of
metacognitive knowledge of class X students in the medium category. The average n-gain value after
students is trained using the assessment for learning instrument the polytomous response model is 0,74. This
shows that there is an increase in HOTS ability of class X students using an assessment for learning
instrument polytomous model response in the high category [37].
After the researchers conducted a field test, the researchers tested the practicality of the instrument for 3
high school teachers. Practicality test in this development, namely the review of assessment for learning
instrument polytomous model response related to aspects of the model, substance, and use of instruments
carried out by Examiners 1, Examiner 2, and Examiners 3. The results of the practicality test instruments
were obtained using a practical questionnairequestionnaire. The data from the practicality test results can be
seen in Table 7.
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Table 7 Practical test results
Tester Score
Average
1
2
3
100,00%
75,00%
75,00%
83,33%
85,00%
80,00%
75,00%
80,00%
87,50%
87,50%
75,00%
83,33%

Classification
Very High
High
Very High

The practicality test questionnaire contains 1 aspect of the instrument model. The average total score of
the three testers regarding the fulfillment of the model aspects of the instruments that have been developed
is 83,33% which means very high. The practicality test questionnaire contains 5 aspects regarding substance.
The average total score of the three testers regarding the fulfillment of the substance aspect of the instrument
that has been developed is 80,00% which means high. Practical test questionnaire contains 2 aspects
regarding usage. The average total score of the three examiners regarding the fulfillment of the useful aspects
of the instruments that have been developed is 83,33% which means very high. The value of each aspect
which is more than 60%, means fulfilling the practicality criteria of the instrument [38].
Practical criteria are very high, there are aspects of the model and aspects of use. High practicality criteria
are found in substance aspects. This, the instrument can be said to be practical and can be used in training
students high-level thinking skills. Final Product Revision Phase, In the final product revision stage based
on field tests, researchers did not make improvements. This is because there are no suggestions for
improvement from the results of the field trials that have been conducted.
4. Conclusion
The conclusions in this study are an assessment for learning instruments the polytomous response model for
practicing higher order thinking consists of the initial part of the front cover, foreword, table of contents.
The middle part of the product development instrument consists of items, scoring rubrics. The final part of
the development instrument consists of value recapitulation, literature list, back cover. Instrument
development results have the contractual validity of 81,90% which is in the very high category, substance
validity is 77,33% which is in the high category, and language validity is 84,45% which is in the very high
category. The instrument of development results has a reliable value of 0,91 which is in the very good
category. The instrument of development results also has a practicality aspect of the model of 83,33% which
is in the very high category, the practicality of the substance is 80,00% which falls into the category very
high, and the practicality value of the usage aspect is 83,33% which is in the very high category. Instrument
development results have an n-gain value of 0,74, in this case, it can be concluded that the polytomous
response model for assessment learning is effective in training students higher order thinking skills.
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