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Classical assessments that are not comprehensive and do not distinguish
students' initial abilities make measurement results far from the actual
abilities. This study was conducted to produce a computerized adaptive test
for physics critical thinking skills (CAT-PhysCriTS) that met the feasibility
criteria. The test was presented for the physics subject of 11" grade high
school students with two-tier multiple-choice format. This development
research was based on the 4-D model combined with the test development
model by Oriondo & Antonio. Eleven experts and 577 11t grade high school
students in Kulonprogo, Indonesia, have participated. The media feasibility
and the content validity of the items was assessed by experts, while item and
abilities parameters were estimated by item response theory. The results
obtained: 1) CAT media was declared very feasible and content validity of
136 items was declared valid; 2) all items fitted to partial credit model, the
item reliability was classified as good, and the difficulty index of items was

good; 3) the results of the CAT-PhysCriTS were equivalent to students
academic achievement. Based on the results, CAT-PhysCriTS has fulfilled
the requirements as a measuring instrument with measurement times were
faster and more comprehensive for large-scale assessments.
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1. INTRODUCTION

Critical thinking skills are the main and first things that must be considered in learning in the era of
industrial revolution 4.0, as in the learning framework developed by Partnership for 21% Century Learning
(P21) [1]. Although the critical thinking is often referred to as the most important element in physics
learning, in reality, critical thinking assessment is an area that was often overlooked [2, 3]. Whereas the
assessment is extremely needed to find out whether students have had sufficient physics critical thinking
skills and what treatment should be given [4]. One reason causing the assessment of critical thinking in
physics learning is often overlooked is the lack of availability of tests that specifically measure the physics
critical thinking skills. Such problems have actually often been complained of by several researchers [5, 6]. It
means that the development of standardized critical thinking tests must be adjusted to the existing needs
(physics) so that such problems will not always be repeated.

Another arising problem is the inappropriate test format for measuring critical thinking skills and
accommodating material coverage. The forms of tests that are often used are essays and multiple-choices.
The essay is the most comprehensive form of a test [7]. However, it has many weaknesses such as a limited
measure of high-level thinking, more wasteful in terms of time and cost, high subjectivity, and it is difficult
to determine its validity and reliability [8, 9]. Meanwhile, multiple-choice have many advantages such as
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easy to implement in large classes, a high level of objectivity, broad material coverage, and can be corrected
easily [10]. The disadvantages of the multiple-choice are less comprehensive and the student's thinking
process cannot be seen clearly [11]. Based on these strengths and weaknesses, the suitable form of the test
must be determined by considering validity, reliability, and comprehensiveness. The solution to this problem
is the implementation of two-tier multiple-choice tests [12]. This format consists of several answer options
and several options for reasons, so it will require students to think about determining the reasons suitable for
their choice of answers [13]. This is in accordance with what was mentioned in [3] that “reason” can change
or improve one's mind to act more precisely. In addition, the use of reasons when answering multiple-choice
tests is a sensitive and effective way to add value to the comprehensiveness of question items.

The third problem is the use of classical test theory which has many weaknesses also makes
measurement results far from the actual abilities. In [14], it was said that in Indonesia, there are still many
classical test theories used in analyzing tests and estimating abilities. The classical test theory has many
disadvantages, one of which is the characteristics of items depending on the test participants [15]. For
example, a question would be an easy question if answered by a clever participant, otherwise, a question
would be difficult if answered by the less intelligent participants [16]. Likewise, the score reflecting the
participants' abilities depends on the test. If this happens, the actual level of ability of the test participant will
never be known [17]. The solution to this problem is the implementation of item response theory (IRT). This
is because the level of the participant's ability and estimation of the item parameters is measured accurately
[18]. Therefore, in developing the constructs of the physics critical thinking tests must be done with the IRT.

The fourth problem is the efficiency and effectiveness of the test. In recent years, the use of
computers in the assessment process began to be implemented by the government of Indonesia in the national
high school exam known as a computer-based test (CBT). The national exam uses the same test design for
students with the same age or level of education assuming that they have the same ability [19]. In reality,
students between schools have significant differences in abilities. Tests that ignore participants' abilities will
be suitable for the purpose of measuring the achievement of graduate competency standards because each
student has the same competency standards. However, it is less efficient to measure participants' abilities,
especially participants with low and high abilities [20]. This is because many question items cannot
distinguish test participants [21]. One solution is to apply adaptive tests. The implementation of computer-
based adaptive tests is known as computerized adaptive testing (CAT). CAT has the advantages of being
more efficient because items that are too easy or too difficult can be avoided so that the length of the test time
can be reduced without reducing the measurement precision level, test security is more guaranteed, and the
participant's score is immediately known [22, 23]. With the amazing solutions offered by CAT, it would be
very useful if applied in measuring the physics critical thinking skills of students.

The relevant research was the development of CAT for assessing problem-solving skills conducted
by [24]. The results obtained found that tests developed using CAT were effective to apply. In [13] also
developed critical thinking test instruments in the form of two-tier multiple-choice. The results obtained
show that two-tier multiple-choice questions were in accordance with the characteristics of physics that
prioritize the reasons in answering a problem.

2. RESEARCH METHOD

This is a research and development study (R & D). The resulted product was CAT-PhysCriTS
program. This program consists of a website-based CAT media and an item bank concerning physics critical
thinking skills. The development model used was the 4-D (define, design, develop, & disseminate) by [25],
which was combined with the test development model by [26]. The combination of the two models produced
a development procedure shown in Figure 1.

A total of 577 students participated in this study. They were 11™-grade students from six senior high
schools in Kulonprogo Regency, Indonesia, in 2018. The subjects during the limited trial stage were 344
students. This number was in accordance with the IRT requirements [27]. Meanwhile, the subjects during the
field test stage were 233 students. All participants were selected based on the category of school academic
achievement determined by the 2017 National Examination scores. The sample selection was made so that
the information obtained can represent students' abilities in general. In this development procedure, data were
collected through: 1) questionnaire giving to experts to obtain media feasibility data of CAT and content
validity of the items, 2) paper-based test (PBT) in limited trials to find out the characteristics of the items,
and 3) CAT in the field trial stage to find out the demographics of students' abilities.
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Figure 1. The development procedure

For data analysis, experts' judgment was used to assess the construction of the CAT-PhysCriTS
program. The construction was related to media feasibility and content validity of the items. The feasibility of
the media was analyzed by comparing the average scores (X) with ideal average (X; = 1/2 (maxscore +
minscore)) and ideal standard deviations (sb; = 1/6 (maxscore — minscore)) [28]. If X < X; — 1.8 X sb; is
categorized as “very weak”, X; — 1.8 x sb; < X < X; — 0.6 x sb; is categorized as “weak”, X; — 0.6 X sh; < X <
X; + 0.6 X sb; is categorized as “sufficient”, X; + 0.6 x sh; < X < X; + 1.8 x sb; is categorized as “good”, and
X > X; + 1.8 x sb; is categorized as “very good”. Meanwhile, the content validity of items was analyzed using
the Aikens’ formula [29]. The item is said to be valid if it has a coefficient value above the threshold.

The item characteristics were reviewed based on the empirical validity, the test reliability, and the
item difficulty index. The empirical validity of the items was determined based on the fittingness between the
item with the scoring model. The item fit was based on the results of a limited trial stage. The students’
answers were analyzed by a partial credit model (PCM) in the form of polytomous data, namely score 1 if
wrong answer and wrong reason, score 2 if correct answer and wrong reason, score 3 if wrong answer and
correct reason, and score 4 if the answer and reason are both correct [30, 31]. Scores were analyzed using the
Quest program. The results obtained the estimation of the INFIT mean of square value (INFIT MNSQ).
Overall, the test is said to be fit if the MNSQ INFIT value is 1.0 + 0.0 [32]. The goodness of fit of each item
can be seen in from the INFIT MNSQ value on each item with the criteria received are 0.77 to 1.30.

The reliability of the scores of test results was estimated according to the IRT based on the
reliability of item estimates and the reliability of case estimate [33]. Both estimates were obtained from the
analysis of the Quest program. If the reliability value (R) < 0.67 is categorized as “poor”, 0.67 < R < 0.80
is categorized as “sufficient”, 0.80 < R < 0.90 is categorized as “good”, 0.90 < R < 0.94 is categorized as
“very good”, and R > 0.94 is categorized as “excellent” [34]. The reliability was then proven by a graph of
the relationship between information function and SEM obtained from the Parscale program [35].
Meanwhile, the item difficulty index (b) was obtained through analysis of the Quest program. The item was
stated to be good if the difficulty index was more than -2.0 or less than +2.0 [36]. If it was close to -2, the
item was said to be easy, whereas if it was close to +2 then the item was said to be difficult.

The last data was related to the estimation of the students’ ability (8). Maximum likelihood
estimation (MLE) was used as a method of estimating student abilities applied to the CAT-PhysCriTS
program [37]. The 8 value can be known directly after the student completes the test. Students' abilities were
then analyzed by looking at the averages in each school category.

3. RESULTS AND ANALYSIS
3.1. Construction of the CAT-PhysCriTS program

The CAT-PhysCriTS consists of two main components, namely website-based CAT media and an
item bank. The construction of the CAT media was related to the format and the algorithm used. The CAT
media is a website with a test presentation system as shown in Figure 2, while the example of student test
results are shown in Figure 3.
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Figure 3. Example of student test results

The CAT algorithm was adapted from the algorithm developed in [38] which was based on IRT,
logic, and simple statistics. In Figure 2 we can see that students were given an initial item with moderate
difficulty (b = 0) and the initial ability was also assumed to be zero. If students answered correctly (score 3 or
4) then students were given a more difficult question, if wrong (score 1 or 2) then students were given an
easier question. When this process took place, the ability () was estimated by the maximum likelihood
estimation (MLE). This estimation was done by calculating the ability (8), the probability of correct answer
(P(8)), the probability of wrong answer (Q(6)), information function (1;(6)), standard error (SE(8)), and
difference of SE [37]. This algorithm was also illustrated in Figure 3. When students answer correctly
difficult item, students' abilities also rise. The decrease in ability recorded in items 5, 13, and 16 was because
the student answered incorrectly (score 1 or 2) on the previous item. The final ability of students was 0.19.
The test will stop if the items run out or the level of accuracy of the ability estimate (difference of SE~0)
has been reached and or if the test time was up.

The CAT media has been assessed for its feasibility by eleven experts. There are two aspects
assessed, namely the appearance and function of components. The average score given by the experts in the
appearance aspect was 5.82, while the function aspect gets the average score of 8.91. The overall average
media feasibility score was 14.73. In accordance with the category in [28], all aspects were categorized very
well. Thus, the CAT media has fulfilled the requirements used as a test system in terms of its construction.

The second component of the CAT-PhysCriTS program is the item bank. Specification table of the
item bank can be seen in Table 1.

Table 1. Specifications of the item bank

Physics Subjects

Aspect Sub-Aspect Indicator ABCODE No. of Item
Elementary  Focusing on the question  Formulating a question about events in everyday life. 4 1* 4 4 4 17
clarification  Analyzing an argument Analyzing statements and determining the similarites 4 4 4 4 1* 17

or differences in an event given.
Basic support Considering source Examining parts that can be considered to be trusted 1* 4 14 4 14
credibility based on arguments/experiments and their
interpretations.
Considering the results of  Expressing reasons based on observations on an 4 4 4 4 4 20
observations event.
Inference Deducting and considering Interpreting statements and clarifying data. 4 4 4 1* 4 17
the results of deduction
Inducting and considering  Making a hypothesis based on several 4 4 14 1* 14
the results of induction statements/events.
Advanced Defining terms and Defining a statement and considering definitions 4 4 4 4 4 20
clarification considering a definition based on examples in everyday life.
Strategy &  Determining an action Making decisions based on strategies and solutions, 4 4 4 1* 4 17
tactics and formulating appropriate alternatives.
Number of Item 29 29 26 26 26 136

A = Equilibrium and rotational dynamics, B = Hooke's elasticity and law, C = Static fluid, D = Dynamic fluid, E = Temperature, heat,
and heat transfer, and * = Anchor item.
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The construction of the item bank is presented in Table 1. The aspects, sub-aspects, and indicators
of critical thinking skills used were referring to aspects and sub-aspects developed in [39]. The five physics
topics tested were physics materials of the 2013 curriculum (K-13) revised in 2016 for 11"-grade students in
the odd semester. The item bank consisted of four test packages with the number of each package was 40
items accompanied by 8 anchor items (total = 136 items). The question format used was two-tier multiple-
choice. The first tier contains five answer options and the second tier contains five reason options.

The item bank has been tested for its content validity through the judgment of nine experts (two
lecturers and seven physics teachers). Based on the assessment given, then the Aiken’s V coefficient was
calculated for each item. The results of Aiken's V coefficients of all items were in the range of 0.89 to 1.00.
In accordance with what was presented in [29], the tests were said to be valid if they were more than the
threshold values in the Aiken’s V table. The threshold for 9 raters and approval category of 4 was 0.74. Since
Aiken’s V coefficients of all items were in the range of 0.89 to 1.00, then all items were stated to have
covered the entire area of the contents from the aspect of physics critical thinking skills (valid).

3.2. Items characteristics of the item bank

The items characteristics were reviewed based on the empirical validity, the reliability of scores, and
the items difficulty index. The item bank was tested on 344 students. The results of the empirical validity and
the reliability values of the test based on analysis using Quest are presented in Table 2.

Table 2. Results of the empirical validity and the test reliability

Parameter Item Estimation Testee Estimation
Average value and standard deviation of INFIT MNSQ 1.00+0.05 1.00+0.13
Average value and standard deviation of INFIT t -0.01+0.49 -0.01+0.85
INFIT MNSQ for each item 0.88-1.18
Reliability of of item estimate 0.87
Reliability of case estimate 0.72

The goodness of fit presented in Table 2 show the overall average value of INFIT MNSQ for item
estimation was 1.00 + 0.05 and for the testee was 1.00 £+ 0.13. In addition, the INFIT MNSQ value for each
item was in the range of 0.88 to 1.18. In accordance with the explanation in [32], the overall item is said to be
fitted with the model if it has an INFIT MNSQ average value of around 1.00 + 0.00, while each item is fit if
it has MNSQ INFIT value of 0.77 to 1.30. Therefore, the result of the goodness of fit as a whole or for each
item can be said to be fit with PCM. Thus, the item bank can be declared valid as a measuring instrument.

The reliability of the score in the IRT was indicated by the item separation index and the person
separation index as presented in Table 2. The value of the item reliability was classified as good (0.87), while
the person reliability was sufficient (0.72). In accordance with explanation in [33], the higher the item
reliability, the more convincing the sample matches the tested item, while the higher the person reliability,
the more convincing the measurement provides consistent results. Based on these results it can be concluded
that the quality of the items was good, while the consistency of students’ answers was sufficient.

The value of reliability between one level of ability with other abilities is different. To find out, it
can be seen at the curve of the relationship between information function and standard error of measurement
(SEM) from the Parscale program presented in Figure 4.
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Figure 4. The curve of the relationship beetween information function and SEM
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To analyze the curve in Figure 4 is done by looking at the intersection of the line between the
information function and the standard error [35]. Based on the curves of the relationship between information
function and SEM in Figure 4, it can be concluded that the item bank is suitable or reliable for students with
ability values (6) of -1.7 to 3.2.

The last characteristics of the item bank were related to the item difficulty index (b). The item
difficulty index of 136 items was in the range of -0.76 to 0.83. The average of the item difficulty index as a
whole was 0.00 + 0.35, while for each aspect and sub-aspect is presented in Figure 5.
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Figure 5. The item difficulty index for each aspect and sub-aspect

The item is said to be good if it had a value of —2 < b < 2 [36]. Because the item difficulty index
of the item bank was between -0.76 to 0.83, it can be concluded that the item difficulty index of all items was
classified as good. In addition, Figure 5 shows that the sequence of the item difficulty index of each aspect is
in accordance with the levels of critical thinking presented in [39] which starting from elementary
clarification, basic support, inference, advance clarification, as well as strategy and tactics.

3.3. Test trials using the CAT-PhysCriTS program

After the CAT-PhysCriTS program was tested on 233 students, the lowest and highest abilities (6)
obtained were in the range of 0.03 to 0.60 with an average of 0.15. The physics critical thinking skills
obtained based on the school academic achievement categories are presented in Figure 6.

< && %

Low Academic Moderate Academic High Academic
Achievement Schools  Achievement Schools Achievement Schools

Figure 6. The physics critical thinking skills in each school category

The average ability value shown in Figure 6 is equivalent to the school category. A good measuring
instrument can distinguish according to the abilities of students [40]. Based on the suitability between the
results of measurement using CAT-PhysCriTS and school academic achievement, we can say the CAT-
PhysCriTS program can distinguish the physics critical thinking skills of students.

4. CONCLUSION

The results of the study show that the CAT-PhysCriTS program has met the requirements to be used
to measure physics critical thinking skills. Terms that have been fulfilled include: 1) in terms of construction,
the CAT media has been declared valid with a very good category in terms of appearance and function
aspects. The content validity of 136 items has been declared valid; 2) in terms of the characteristics of the
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items, all items were declared fit to the PCM. The quality of the item was good, while the consistency of the
answers from the students was sufficient. The item bank was suitable for students with abilities (6) from -1.7
to 3.2. The difficulty index of all items was classified as good; and 3) the CAT-PhysCriTS program is
capable of distinguishing students' critical thinking skills, which is indicated by the measurement results of
the CAT-PhysCriTS program equivalent to student academic achievement.

Successfully developed CAT-PhysCriTS will have implications for effectiveness, efficiency, and
comprehensiveness in evaluating physics critical thinking skills of students. The CAT-PhysCriTS program
presents a faster measurement without reducing its accuracy and is more comprehensive for large-scale
assessment. The results of this study can also be used as a reference for education regulators to utilize the
CAT system on large-scale assessments such as national examinations. For further research, similar
developments can be made for other important skills. In addition, the number of items can be multiplied so
that the item difficulty index can be evenly distributed at all levels of student ability.
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