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ABSTRACT

This study developed a knowledge assessment instrument of three tier diagnostic
tests based on higher order thinking skills (HOTS) which aims to diagnose students'
understanding in higher-order thinking and reduce misconceptions. The research
method uses ADDIE (Analysis-Design-Develop-Implement-Evaluate) and the subject
is class VIl junior high school students with 2017 odd semester curriculum materials.
This study used HOTS-based knowledge assessment instruments of three tier
diagnostic tests of 20 items. The results of the instrument expert validation test based
on aspects of content, construct, and language assessment have an average score of
90, 88, and 89 with a proper assessment. The data were analyzed using rasch model
and the item reliability index was 0.89, the reliability index of the respondents was
0.91, and Cronbach's alpha value was 0.93, which meant the reliability of the
questions obtained was good. The results of the students 'answer patterns are six
criteria:  understanding concepts, misconceptions (+), misconceptions  (-),
misconceptions, guessing / lack of confidence / luck, and not understanding the
concepts used to diagnose learners' understanding in measuring high-level thinking
skills ( HOTS) which is integrated with the dimensions of factual, conceptual and
procedural knowledge. Misconceptions that occur in students have three criteria,
namely misconception (+), misconception (-), and misconception, and the most
experienced by students is a misconception (-) in the C4 cognitive level which is
integrated with the conceptual knowledge dimension on the substance characteristic
material . This misconception (-) can be reduced through the correct concept with the
right reasons.
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INTRODUCTION

The thinking ability of Indonesian students can be illustrated from the results of the PISA 2015 test and
evaluation [1]. The average score of achievement of Indonesian students for science is 403 which is ranked 62 out
of 69 countries evaluated [2]. This shows that the performance of Indonesian students' thinking is still relatively
low, as well as evidence that Indonesian students are still dominant in low levels, or more in their ability to
memorize in science learning [3]. The questions contained in PISA very demanding reasoning and problem
solving skills. One of the factors is the lack of training of students in working on questions that suggest reasoning
and problem solving abilities [4]. Besides that, the characteristics of PISA questions also require students'
analytical, evaluation and creative thinking skills [5].

The ability to think of analysis, evaluation, and creative is an indicator of high-level thinking skills or higher
order thinking skills (HOTS) [6-8]. Higher order thinking skills (HOTS) is the widespread use of the mind to find
new challenges [9]. HOTS 'characteristics according to Zohar include critical thinking and creative thinking [4].
One of HOTS students' abilities is low because in evaluating learning there are still those who use questions about
low level or memorizing ability [10].
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The learning mastery of student competence in working on high-level questions is certainly inseparable from
assessment activities [12]. The main principle in assessing, not only used for something known to students but
also used to assess something that can be done by students in learning [13]. Assessment is the most important
part of the overall learning process, one of the main functions of the assessment is to open up the misconceptions
that students have before learning [13].

Misconception is a mental representation of a concept that is incompatible with the scientific theory
currently held [14]. Incorrect understanding of concepts results in students experiencing misconceptions. If the
misconception that occurs in students is left, then it will result in increasing material that is not able to be fully
understood and will ultimately affect student learning outcomes [15]. One form of assessment that can be used to
assess students' misconceptions is diagnostic multiple choice tests.

One of the multiple choice tests that can assess students' understanding and level of thinking, namely the
diagnotic three tier test. There are several studies and developments regarding the three tier diagnotic tests for
various purposes including Pesman & Eryilmaz [16] and Bunawan [17]. This three tier diagnostic test is a
diagnostic test composed of three levels of questions [19]. The first level of the problem (one-tier) is in the form of
ordinary multiple choice, the second level of the question (two-tier) that is in the form of choice of reason, and the
level of the third question (three-tier) which is a question of confirmation of the answers has been chosen at the
level of questions one and two [20]. Through the above explanation, researchers are interested in conducting
development research entitled "Development of Knowledge Assessment Instruments Three-Tier Diagnotic Test
Based on higher order thinking skills".

MATERIAL AND METHODS

Methods

This research and development uses the optional ADDIE instructional design model (Analysis-Design-
Develop-Implement-Evaluate). The flow of research and development activities is carried out in 5 stages, namely
(1) analyzing needs, (2) designing products, (3) developing products, (4) implementing products and (5)
evaluating products. Data on research and development was obtained through questionnaires and validation
sheets.

Instrument

The conception test instrument that was developed to find out the conception of preservice elementary school
teacher students was 7 items. Test items used the four-tier test format. The conception test validation was judged
by two physics education experts and one theoretical physicist. The results of the validation of the conception test
items indicated that the validator generally stated that the items to be used are valid both in content and
construction. Validators provided some notes that are suggested to be revised, especially those that are considered
inappropriate, that is, related to accepted scientific theory, image clarity, sentence editorial, and written order. The
research instrument was in the form of several multiple-choice items on the concept of force and motion that require
explanations about the selected answers. To find out the participants’ conceptual change, they wrote their responses
towards several written statements (Yes/No/Not always) and with confidence levels (Sure/Not really sure/Not
sure). The participants answered the questions individually and do not include their names to ensure their
anonymity.

Procedures

In the preliminary study, Direct Instruction and discussion methods were used.

Data Analysis
The technical data analysis uses the Rasch model and is assisted by Winsteps 3.73 software developed by Linacre
[28]. Parameters used to determine the accuracy or suitability of respondents and items according to Boone in
Sumintono & Widhiarso [27] include means-square outfit value, z-standard outfit, and measurre correlation
points. The level of difficulty of the item (item measure) can be known from the logit value of each item.
Reliability testing uses cronbach alpha formula in Table 1
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Table 1. Interpretation of Measures of Stability of Alpha Values

Nilai Alpha Cronbach’s Keterangan
<05 Poor

0.5-0.6 Ugly
0.6-0.7 Enough
0.7-.0.8 Nice

>0.8 Very good

Grouping questions and items can be seen from the separation value . then the quality of the question
instruments in terms of the overall respondents and items is getting better because it can identify groups of
respondents and items in various ways.

RESULTS AND DISCUSSION

Developing and Validating

This development research produces a valid and reliable question instrument for measuring students' high-
level thinking skills and student misconceptions. The instrument of the developed question is a question
consisting of three levels. The first level is multiple choice questions, the second level is the reason, and the third
level is the belief in the answers at the first and second levels. The material used is measurement, classification of
living things, energy, and heat. The results of validation data obtained from three validators in the form of
quantitative data using Likert scale scores are presented in Table 2

Table 2. Results of Overall Data on Expert Validation

Assessment expert validation average

No Aspect 1 2 3 value Category
1 Isi 88 92 92 90 Very valid (small revision)
2 construct 85 90 90 88 Very valid (small revision)
3 Language 86 91 91 89 Very valid (small revision)

The results of the validation data in Table 2, show that the assessment by the validator regarding the
assessment of the instrument as a whole is feasible to use with small revisions. Readability tests are carried out
after the test instrument is feasible to use. The instrument readability test results can be seen in Table 3.

Table 3. Results of the question instrument readability test

No Respondent Category Value
1. Student A 96 Very Understanding
2. Student B 92 Very Understanding
3. Student C 92 Very Understanding
4. Student D 96 Very Understanding
5. Student E 96 Very Understanding

Table 3 shows the test instrument has clear readability so the language used in the items is very easy to understand and does
not experience multiple interpretations. These questions were tested on 26 respondents . The scoring used is the Graded
Response Model (GRM) because the generated data is in the form of politomus. Scoring guides from the answers to the
questions done by students can be seen in Table 4.

Table 4. Guidelines for Scoring

Stage (1) Stage (2) Stage (3) Score Category
True True Sure 7 Understand the concept
True False Sure 6 Misconception (+)
False True Sure 5 Conception (-)
False False Sure 4 Misconception
True True Not Sure 3 Guess, lack of confidence
True False Not Sure 2 Don't understand the concept
False True Not Sure 1 Don't understand the concept
False False Not Sure 0 Don't understand the concept
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The three tier knowledge assessment instrument diagotic test that was tested on 26 respondents obtained the results of
validity and reliability test. The results of the final analysis of the development of a HOTS knowledge-based three-tier

diagnostic test instrument consisting of 20 items are presented in Table 5.

Table 5. Summary of Final Analysis Results

Analysis Output Result
Reliability 0.91
Separation index 3.19
Respondent Separation of strata 4.59
Lowest logit value -0.79 (04L)
The highest logit value 1.94 (08L)
Reliability 0.89
Separation index 2.83
Item of question _ Separation of strata 4.11
Lowest logit value -0.78(S1)
The highest logit value 0.96 (S20)
Instrument 0.93

The results of product evaluations carried out for science teachers of Junior High School (SMP) In MGMP can be seen in Table 6.

Table 6. Product Evaluation Test Results

No Indicator Response

1 Are the items developed that are clear and easy to understand? Yes

2 Does the formulation of the question not use sentences or words that give rise Yes
to multiple perceptions or multiple interpretations?

3 Can the images, numbers, letters and symbols used in the question be clearly Yes
read?

4 Are the terms of science used in the problem is the term familiar to you? Yes
whether the question uses language that is easily understood by students? Yes
Can the questions presented diagnose student understanding? Yes

The results of product evaluation based on Table 6 state that the product is good to use. Beside that, there are open
questions about the product being developed related to the advantages and disadvantages of the product being developed.

The needs analysis phase carried out in this development research was used to illustrate the reasons for the development of
HOTS-based three-tier diagnostic test instruments. The types of questions given in evaluating learning at school still do not
fully train students' high-level thinking skills. It is necessary to innovate to meet the criteria of the 21st century, where each
person must have a high level of thinking skills in order to be able to become the next generation capable and skilled in their
fields. There are several discussions in this development research as follows :

Item Parameters Question Instrument Knowledge Assessment
Three Tier Diagnostic Test Based on HOTS
The knowledge assessment instrument of the three tier diagnostic test has been tested on a limited number of
27 students from SMP NEGERI 1 SIDOMULYO. This activity was carried out on October 10, 2018. The criteria for

the item developed are shown in Table 7.

Table 7. Criteria for Research Item

Knowledge Science Physics Science Chemistry Science Biology Total
Dimension C Cs Cs Cs Cs Cs Cs Cs Cs
PF S2 54, S5 - S8 - - S14 - 521
PK S1 S3 S7 S9 - S12 - S16,517 520
PP - S6 - 510 S11 S13  S15 S18 - 6
Total 2 4 1 3 1 2 2 3 2 20

Based on Table 7, the results show that there are 6 factual knowledge questions, 8 conceptual knowledge
questions, and 6 procedural knowledge questions that are integrated in HOTS cognitive (C4, C5, and C6). The
material used, namely measurement, classification of living things, energy, and heat. The results of the trial on the
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limited test obtained the results of data analysis using Winstep 3.73 which is 20 questions declared valid. This is
because all items have met the three criteria set by Boone [21], so it is concluded that all questions are valid and
all questions are fit. All fit questions mean that all items about normal functioning in measuring and there is no
misconception in students about the questions. The item difficulty index is negative and positive, so that all items
can vary in either category [22].

In addition, the results of item analysis of test questions in the form of three tier diagnostic tests have a
reliability value of 0.93 which is included in the special category. Standard assessment criteria (reliability,
validity, and rating scale) HOTS test questions developed have met good standards. Questions are reliable
because the items developed have value person reliability in excellent categories (respondents answer the whole
item seriously and do not carelessly) or have good criteria [7]. The factors that influence the value of alpha
chonbrach, that is the items developed according to the procedure, using the right reference, through the content
validation stage, and empirically tested with respondents who worked seriously and supervised carefully [23].

The results of the analysis of the separation index have very large analysis results in terms of overall respondents and items.
Separation index values in terms of respondents and items have a value of 4 which indicates that heterogeneous respondents'
grouping and items carefully. All questions have a valid option because the separation index value is more than 0.7 which
indicates that the question has adequate consistency [19], so the respondent is able to understand the choices given at each level
of difficulty in the item.

The item criteria are good because they have different power about good questions too. Different power of questions in
research and development is known as Rasch discrimination power or grain score correlation and Rasch score (Pt Measure
Corr). If the value of Pt. Measure Corr is positive, then the item tested is in accordance with the construct, whereas if the
negative sign is in the value of Pt Measure Corr, then all items are misleading [24]. Value of Pt. Measure Corr is good (positive),
its means that all students who take the ability test are low because they answer items that are wrong and have high ability
because they answer the item correctly. This is because students with tests have high ability to answer incorrectly. Questions
with negative correlation values must be examined to see whether the answer key is wrong, needs to be revised or removed
from the test [25].

The result of Pt Measure Corr analysis in this study shows a positive value which means there are no questions that are
misleading so the question does not need to be revised or deleted. This is consistent with the research conducted by Hayati &
Lailatussaadah [11], that all items have a positive.

Pt Measure Corr value which means there is no conflict between items and constructs measured. The level of difficulty of
the problem can be seen from its distribution through wright maps, while the level of students' ability to answer questions can
be seen from the level of ability. The level of ability of students is given sequentially from the lowest to the highest based on the

logit value of each person in the measure column.

Knowledge assessment instrument for three tier diagnostic tests
based HOTS can diagnose student understanding

The diagnosis of students 'understanding based on the interpretation of the results of the students' answers to
the three tier diagnostic test using the reference proposed by Arslan [26]. If the pattern of answers of students at
the first, second, and third levels in a row is correct, correct, and sure, then the students are categorized as
understanding the concept. Furthermore, if the pattern of students' answers at the first, second, and third levels
are right, wrong, and sure, the students are categorized as misconceptions (+). The answer pattern of students at
the first, second, and third levels in a row is wrong, correct, and sure, so the students are categorized as
misconceptions (-). The cause of this misconception (-) occurs, one of which is the carelessness that students make
in choosing answers [27].

The pattern of answers for students at the first, second, and third levels in a row is wrong, wrong, and sure, so
the students are categorized as having misconceptions. Misconception shows a condition where students express
a concept that is different from what was suggested by experts. The pattern of answers for students at the first,
second, and third levels in a row is correct, correct, and unsure, so the students are categorized as guessing /
lacking in confidence. Then, if the pattern of answers of students at the first, second, and third levels in a row is
right / wrong, right / wrong, and not sure, then the students are categorized as not understanding the concept.
Students in this condition can be said that they have an understanding mixed with misconceptions [28]. Based on
the student's answer pattern, the teacher can diagnose students' understanding through the knowledge
assessment instrument of three-tier diagnostic tests based on HOTS that have been developed.

The development of three-tier diagnostic assessment instruments based on HOTS has the advantaged of
being able to diagnose student understanding and can improve students' high-level thinking skills (HOTS)
integrated with the knowledge dimension. Although the research on developing the three-tier diagnostic
assessment instrument already exists, researchers have integrated HOTS indicators (analyzing, evaluating, and
creating) and the knowledge dimensions (factual, conceptual, and procedural) in this developed assessment
instrument. Although the research on developing the three-tier diagnostic assessment instrument already exists,
researchers have integrated HOTS indicators (analyzing, evaluating, and creating) and the knowledge (factual,
conceptual, and procedural) dimensions in this developed assessment instrument. This is because some HOTS
instrument development only focuses on measuring the ability of the knowledge dimension alone or developing
a three tier diagnostic multiple choice test that only focuses on diagnosing student understanding (such as the
development of instruments carried out by Mubarak [18]). Unlike the products that have been developed
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previously, the products developed in this development research are HOTS-based three-tier diagnostic test
knowledge instruments, where these products are not only used to diagnose student understanding, but are also
used to improve students' higher-order thinking skills that are integrated with the knowledge dimension in this
development product

Knowledge assessment instruments of three-tier diagnostic tests
based on HOTS can reduce student misconceptions

The results of diagnostic tests on students are used as a basis for evaluation in reducing student
misconceptions. Misconception is a mental representation of a concept that is not in accordance with the scientific
theory currently held [14]. Misconceptions that occur in students are three criteria, namely misconception (+),
misconception (-), and misconception. Items that experience misconceptions can be seen in Table 8.

Table 8. Analysis of Problems Experiencing Misconception

Number Kt_mwlec'ige Lev'e.l Material Misco'ncePtion Total
Item Dimension Cognitive Criteria
S9 PK Cy Characteristics of substances Misconception (+) 10
510 PP C Characteristics of substances Misconception (+) 8
512 PK GCs Characteristics of substances Misconception (-) 11
S11 PP GCs Characteristics of substances Misconception (-) 10
S14 PF Cy Classification of living things Misconception 7
516 PK Gs Classification of living things Misconception 7

The results of the analysis of the questions that experienced misconceptions based on Table 8 found that as
many as 10 students experienced misconceptions (+) in question number 9 and as many as 8 students experienced
misconceptions (+) also in question number 10. A total of 11 students experienced misconceptions (- ) in question
number 12 and as many as 10 students experienced a misconception (-) in question number 11. In addition,
questions with number 14 and 16 experienced misconceptions with the same number of students as many as 7
students.

This misconception (+) can be overcome by reason of the answers chosen by the students themselves. The
knowledge assessment instrument of three-tier diagnostic test based on HOTS can reduce misconceptions in
students by knowing the right reasons for the answers that choose correctly [28]. Misconception (-) occurs
because of an analogy or reason that can reinforce the concept of wrong. This can be overcome by knowing the
correct answer or the correct concept based on the exact reasons of the correct answer [25] (in this case it can be
seen from one-tier and two-tier). In contrast to misconceptions (+) and misconceptions (-), misconceptions can be
seen from the pattern of incorrect answers in one tier and two-tier, but in the three-tier the answer is sure [16].

This instrument can reduce well based on the correct answers at the first and second levels, so students can
find out the misconceptions their experience. In addition, students can change the wrong concept to be correct
through this HOTS-based knowledge assessment instrument of three HOTS. Based on this, it can be said that the
HOTS-based knowledge assessment instrument of three tier diagnostic tests caould reduced student
misconceptions

CONCLUSION

The conclusion in this development research is that the HOTS parameters of the three tier diagnostic test items
have good quality. This instrument can diagnose student understanding through the student's own answer
pattern, and can reduce misconceptions that occur in students.
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