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The objective of this study was to develop Physics critical thinking skill test using
computerized adaptive test (CAT) based on item response theory (IRT). This
research was a development research using 4-D (define, design, develop, and
disseminate). The content validity of the items was proven using Aiken’s V. The
test trial involved 252 students in Yogyakarta, Indonesia. The data were analysed
according to partial credit model (PCM). The test reliability was estimated using
PCM based on information function (IF) and standard error measurement (SEM),
whereas the empirical validity was proven through INFIT MNSQ. The results
showed that all items were valid with Aiken’s V spread from 0.67 to 1.00 and
INFIT MNSQ values from 0.86 to 1.20. The item difficulty index ranges from -
0.75 to 1.30, which was a good item difficulty index. The IF and SEM showed that
PhysTCriTS was suitable to measure students’ critical thinking abilities from -1.80
to 1.50, with the reliability score reaches 0.75. The results of this study have an
implication to reduce cheating in a test because each student gets a different item
in accordance to the student’s ability. The test using CAT may accurately and
effectively measure physics critical thinking skill of students.
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INTRODUCTION

Recently, the 21% century skills which blend with information and communication
technology (ICT) become the purposes of global competency (Alismail & McGuire,
2015). Moreover, Zivkovic (2016) states that in the 21 century, all professions assume
that critical thinking skill is very important to be developed. Therefore, education
practitioners are now working on developing students critical thinking skill in order to
prepare their graduate for the 21% century competition. The thinking skill can be
indicated by students’ ability in implementing wise judgment or producing reasonable
critique (Husamah, et. al, 2018). The ability increases the performance of graduates to
cooperate successfully, think analytically, and solve problems efficiently in the
workplace. That intended ability is called higher order thinking ability.

Critical thinking belongs to Higher Order Thinking Skill (HOTS) (Ennis & Weir, 1985).
Cottrell (2011) states that there are six sub-categories of HOTS, three of which are sub-
categories of analysis, evaluation, and creating. Those sub-categories underlie the
critical in dealing with a problem, therefore, HOTS are useful in the global competition.

Ibrahim (2007) defines critical thinking as a kind of thinking which systematically
investigates one's thinking process using evidence and logic. In line with lbrahim, et. al
(1985) states that critical thinking is rational reflective thinking focused on deciding
what to believe or do. Reflective thinking requires a systematic evaluation of high-
standard thinking patterns including skills to evaluate information and obtain the correct
and logic solutions. By using critical thinking, one can make the right decision by
considering the systematic and analytic evaluation. Related to critical thinking, Fischer
(2009) mentions several abilities, namely: (1) recognizing the problem; (2) finding ways
that can be used to solve problems; (3) collecting and compiling necessary information;
(4) understanding and using appropriate language, analyzing data, assessing facts, and
evaluating statements; (5) recognizing a logical relationship between problems; (6)
drawing the necessary conclusions and similarities; (7) examining the similarities and
conclusions. Those capabilities are identified as critical thinking skills. As a conclusion,
critical thinking is what instructors should prioritize and promote as a practice skill for
students (Thaneeranon et al., 2016).

In order to optimize the critical thinking skill, educational practitioners need to
formulate a suitable assessment to monitor students’ ability. Many in-class assessments
have been applied throughout the history of education, but testing seems to be the most
favorite method. The discussion about assessment leads to the assessment design to
assess the core competencies for special skills, such as HOTS. In the history of testing,
multiple choice still becomes the favorite type of test (Arif, 2014). Common multiple-
choice test is done by judging the answer, which is called dichotomy scoring system.
Dichotomy scoring system is also known as classical test theory (CTT) that has either
true or false answer (Hambleton & Swaminathan, 1991). However, multiple choice
cannot be used to measure higher order thinking skills, so it has to be modified
(Brookhart, 2011). Assessments in the form of multiple choices should be modified
since it leads students to think of choosing the inappropriate answers. An alternative
modification of multiple-choice test is reasoning multiple-choice (Istiyono, et. al, 2014).
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This type of test is able to be used to test students’ higher order thinking skill. The other
alternative is an essay test (Brookhart, 2010). However, the essay-type test is difficult to
apply in a large scale.

As a teacher, designing a large-scale assessment such as summative assessment in one
tenure requires an enormous effort. Even Indonesian government is still struggling in
implementing an appropriate assessment system for the large-scale assessments within
the country. In developing a test, it is necessary to prepare a blueprint in the form of a
table including the activities and the competencies tested (Al-Fallay, 2018). In
Indonesia, the government is now starting to use ICT as a large-scale assessment
medium to replace paper and pencil.

To be in synchronicity with the development of the century, computer-assisted tests have
been widely applied for large-scale tests. The study of the use of computers as a test
medium begins in the early 1970s. Tests using computers have many advantages.
Besides, it is able to produce the same test with low cost, and also able to minimize
human errors because the scoring is done by the computer. Recently, computer-assisted
tests is involved as an innovative medium for testing. Computer-assisted tests can be
applied to various types of test, one of which is adaptive testing (Hosseini et. al, 2017).

CAT is said to be the most important psychological assessment development. By using
CAT, the difficulty index of the next items will change depending on the previous
question answered (Finkelman et. al, 2014). Hadi & Haryanto (2012) explains several
principles of CAT, including: (1) at first, the test takers are given test items with
standard or moderate difficulty index, items with difficulty index close to zero, (2) if the
test takers answer correctly (on a scale of 3 and 4), the test takers will then get a higher
difficulty index item, (3) if the test takers answer wrongly (on a scale of 1 and 2) then
they will get item that has lower difficulty index. The CAT software created uses an
algorithm system to display the items in accordance with the student's abilities. The
algorithm is applied to make a decision concerning the next item to be given,
corresponding to the student's answer of the previous question. The next items are
determined based on the IRT theory, logics, and simple statistics. This method can
motivate the students to show their maximum abilities, therefore, the use of CAT is
assumed to be able to motivate the students to solve problems.

IRT has sub-scoring systems called nominal response model (NRM), rating scale model
(RSM), graded response model (GRM), PCM, and generalized partial credit model
(GPCM). Unlike CTT, IRT has various scores (polytomy), which is not only fully right
or wrong. PCM in IRT can be called as a stepwise solution of polytomy scored items;
the item parameters are interpreted as the difficulties of the steps (Verhelst &
Verstralen, 2008). The purpose of using PCM is to get a better score as the ability is
better (Widhiarso, 2010). PCM can be used to interpret the science and critical thinking
ability (Istiyono et. al, 2014). PCM is considered to be a scoring system that teacher
needs to measure the students’ ability, which is not only limited to score the students’
response. There are at least two strengths offered by PCM, the simplicity to implement
model’s formulation in practice and the availability of the PCM in a range of software
packages (Linden & Humbleton, 1997).
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According to Linden and Humbleton (1997), PCM is designed to analyze a wide range
of abilities on the basis of their level of response. However, the mapping of response
categories is a little less straightforward than for right-or-wrong scoring. In line with the
previous statement, Bond & Fox (2015) agree that PCM considers the possibility of tests
in which one or more intermediate level of success might exist between a complete
failure and a complete success. PCM which is developed according to Rasch model
scoring system has different difficulty level for every item, depending on every person’s
trait. In other words, PCM contains two sets of parameters: one for the person and one
for items (Linden & Humbleton, 1997). Muraki & Bock (1997) have mentioned the
formula of PCM given in Eq. (1).

exp [T =a(8-b3y) _ _
x = =1.,2
Fe®) = g coimEo-ngn 9= L23mmEL, 1)

with Fg {g) is the probability of student with ability & to answer i item correctly, & is

the student’s ability, m+1 is the amount of i item category, and b;, is the threshold index
of i item category. The formula can be modified according to the items, for example,
items with score 1, 2, 3, and 4. The differences in the score represent the different
probability of each student. The formula is given as follows:

ES:D{E - bl’g] =0 ES:D{E - IJ|'5|] = EE:L{E - bl’g] (2)

Linacre (2006) has stated that bjy is also interpreted as a node when two different
categories have the same probability to be chosen on the different trait level.

In case of physics learning, Hadi & Handhika (2015) state that physics learning at
school should be conducted using a scientific approach in order to be more meaningful
and able shape the students’ characters. The scientific approach in physics learning is
able to be used to develop students' soft skills and promote their abilities to think
creatively and critically. Istiyono (2017) states that there are many teachers who have
failed to give questions regarding students’ thinking skill; they tend to give questions
that measure student’s memory (lower order thinking skill-LOTS). Both concepts of
scientific approach in learning and critical thinking, are in accordance with the concept
of Curriculum 2013, the curriculum impelemented in Indonesia.

According to the previous explanation related to the 21* demand on education and its
importance, also the requirement of the physics curriculum in Indonesia, The use of
CAT to facilitate teachers in assessing students’ critical thinking skill is worth to
develop. Through this reasearch, sets of tests that are reliable and valid administrated
using CAT are prepared.
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METHOD
Development Model

This is a development research using Thiagarajan flow, which is a 4-D development
model consisting of 4 stages; define, design, develop, and disseminate. (1) Define stage
is a defining phase that aims to collect information related to the development carried
out. The information obtained might come from literature studies or preliminary studies.
The preliminary study aims to determine the specification of instruments test developed.
(2) The design stage is a step to design the product developed. In this phase, the blue
print, items, and test score guidelines are written. (3) The development phase consists of
two activities. The first is validation activities to assess the product feasibility, which are
carried out by experts in their fields, and the suggestions given are used to improve the
product within the research. The second activity is empirical testing or product testing
on real target subjects. After it is proven that PhysTCriTS is feasible to measure physics
critical thinking skill, assembling of PhysTCriTS is conducted into CAT. (4) The
dissemination stage is the final stage of product development such that the product can
be used by others.

Participants and Research Samples

In the validation process, two physicists, two experts (lecturers) on assessment and one
practitioner were involved to assess the test according to the physics materials tested, the
language used, and the test construction. For the trial test, 252 high school students were
involved. Table 1 shows the distribution of the participants.

Table 1
The Distribution of Test Trial Participants
Schools Package Participants
A B
SMA N 3 Bantul 43 44 87
SMA N 2 Bantul 39 41 80
SMA N 1 Bantul 41 44 85
Total 123 129 252

Data Collection and Analysis

The data collection technique used was PhysTCriTS. PhysTCriTS is a test developed to
measure critical thinking skill of the 10" grade students of Senior High School. The
instruments used were two sets of tests (package A and B) and a questionnaire to
validate the test. First, both sets of tests were validated by the experts using a
questionnaire. The questionnaire consisted of four interval scales in order to assess the
properness of the tests.

Product validation is carried out in two stages: content validity and empirical validity.
Content validity used the Delphi method. The validation process involves physics
education experts, measurement experts and media experts. The results of experts’
validation were analyzed using Aiken’s formula. The Aiken formula used is as follows:
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oS
n(c—1) 3)

with r is the experts’ remarks, n is the number of points, ¢ is the biggest scale for
evaluation, and g is the smallest scale of evaluation, that is:

s=r—1I (4)

The validation media questionnaire data was analyzed and converted into several value
of intervals therefore the criteria were obtained as in Table 2.

Table 2

Feasibility Categories
No Score Category
1 More than M + 1,8 SD Very feasible
2 M+ 0,6 SDto M +1,8 SD Feasible
3 M-0,6 SDtoM +0,6 SD Fair
4 M-1,6SDtoM—-0,6 SD Less feasible
5 Less than M — 1,8 SD Not feasible

After fulfilling the validity content with results and declared for its feasible or very
feasible then empirical validity is carried out through two stages; limited trials and wide-
scale trials. The test trial was conducted to test the empiric validation of PhysTCriTS.
Students’ response on the test were scored using polytomi category, i.e., 1; 2; 3; and 4.
The data collected were analyzed using partial credit model (PCM) for testing the item-
fit. PCM is the development of the Rasch Model, which is, a 1-PL model. The data
analysis was performed on several aspects, including (1) the goodness of fit, (2)
reliability, (3) item difficulty index, and (4) information function and standard error
measurement (SEM).

FINDINGS
Content Validity

The PhysTCriTS content validity was measured according to the material, construction,
and the language used. Two physicists, two assessment lecturers, and one practitioner
conducted the expert judgments. The results of the Aiken's for critical thinking skill tests
start from 0.67 to 1.00, respectively.

Empirical Validation

The result of the empirical validation is determined by the suitability (goodness of fit) of
the instrument item. The fitness of the test items is determined by observing the average
value of INFIT MNSQ, besides, standard deviation can also be considered. If the INFIT
MNSQ average is around 1.00 and the standard deviation is 0.00 or the INFIT t rate is
close to 0.00 and the standard deviation is 1.00, the whole test fits the PCM. Moreover,
the item acceptance limit used is 0.6 to 1.21 for INFIT MNSQ values. The results show
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that the overall goodness of fit scores (INFIT MNSQ) of critical thinking skills tests in
PhysTCriTS is from 0.86 to 1.20, respectively (see Figure 1).

INFIT
MNSQ .50 .56 .63 .71 .83 1.00 1.20 1.40 1.60 1.80

1 item 1 |
2 item 2 *
3 item 3 . |
4 item 4 . *|
5 item 5 |
6 item 6 |
7 item 7 - *
8 item 8 . N |
9 item 9 . *|
10 item 10 . |
11 item 11 . o
12 item 12 . =
13 item 13 . |*
14 item 14 #
15 item 15
16 item 16
17 item 17
18 item 18
19 item 19
20 item 20
21 item 21
22 item 22
23 item 23
24 item 24
25 item 25
26 item 26
27 item 27
28 item 28 . “
29 item 29 N *
30 item 30 - *
31 item 31 . =
32 item 32
33 item 33
34 item 34
35 item 35
36 item 36
37 item 37
38 item 38
39 item 39
40 item 40
41 item 41
42 ftem 42
43 item 43
44 item 44
45 item 43
46 item 46
47 item 47
48 item 48
49 item 49
50 item 50

51 iten 51 . *
52 item 52 . *

Figure 1
The INFIT MNSQ of PhysTCriTS

Figure 1 shows the item spread in the form of points spread. The figure shows that all
items are fit (valid) as they are at values around 0.86 to 1.2. Validity assumptions on the
Rasch model refer to INFIT MNQ with value ranges from 0.6 to 1.21; OUTFIT MNSQ
with values of 0.11 to 1.17 (Huang et. al, 2018). This means that the items are feasible
to be used to measure the students’ ability in physics learning according to the given
subject material.

Item Difficulty Index

The calculation of the difficulty index for 52 items concerning critical thinking skills in
two packages shows that the difficulty indexes are in the range of -0.75 to 1.30,
respectively. The index of difficulty for each aspect can be observed in Figure 2.
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Item Difficulty Index of each Aspect and Sub-aspect of PhysTCriTS
Information Function and SEM and Test Reliability

The information function and SEM are inversely related. The result of the information
function and SEM on PhysTCriTS are sequentially presented in Figure 3. Figure 3
shows that the information function and SEM is spread from -1.80 to 1.50, respectively.

Test 1; Name: FIS_1

"y

80 " 150

Figure 3
Information Function and SEM of PhysTCriTS

Figure 3 shows that the information function and SEM is spread from -1.80 to 1.50,
respectively. The SEM is marked by the red curve (dashed-line), whereas the total
information function is shown by the blue curve (solid-line). The interval between the
secant of the two curves is the ideal ability border in answering test items, which is in
this case is from -1.80 to 1.50. The item reliability value of critical thinking skills test
obtained from the summary value of item estimate is 0.75. The reliability coefficient
which is considered to be appropriate for measurement is > 0.70 (Lima et. al, 2018).
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Assembling PhysTCriTS into CAT

The developed critical thinking skills test instrument, which is valid and reliable
according to the analysis was then imported into CAT system. CAT is able to present
the problems (questions) to the students in accordance with their ability. Figure 4 shows
the example of a PhysTCriTS screen view.

g
effin Lede

. Data Bank Soal
Administrator

Computer Adaptive Test

Guru*: Yulita Tampil*: 2017-10-26 00:00:00
# Home

Jenis Test': CRITICAL THINKING Jml Soal*: 53 Butir

(& Master Data
Durasi*; 60 Menit

> Tambah Soal Edit Mode Soal

0 |v

T T T T S

1 04 144 228 -037 Pada suatu percobaan memanaskan lima macam zat yang berbeda dengan massa yang sama, dan diperoleh
E Rekap Laporan kalor (Q) dan suhu (T) berikut ini

QU

Figure 4
An Example of Installing of PhysTCriTS’s Items into CAT

DISCUSSION

In order to provide ready-to-use sets of tests, the tests have to go through several
analysis, i.e., validity and reliability analysis. The content validity test of PhysTCriTS is
determined through Aiken V’s formula. The result shows that the content validity of
PhysTCriTS starts from 0.67 to 1.00, respectively. The content validity based on
Aiken’s V is said to be good with a value of more than 0.80 (Azwar, 2017). Therefore,
the PhysTCriTS test items are considered to be valid.

Following the content validity test, empirical validity analysis was performed to find out
the items’ validity based on the test trial administrated to 252 students. The result of the
empirical validation is determined by the suitability (goodness of fit) of the instrument
item. Being fit means that the actual items are close enough to the Rasch Model’s
requirements to be counted as linear interval scale measures (Bond and Fox, 2015). The
empirical validity test results (See Figure 1) show that the overall goodness of fit scores
of critical thinking skills tests in PhysTCriTS is in the range of 0.86 to 1.20,
respectively. The validity assumption on the Rasch model refer to INFIT MNSC with
values that ranges from 0.6 to 1.21; OUTFIT MNSQ with values of 0.11 — 1.17 (Huang
et. al, 2018). Besides that, the average score of INFIT MNSQ is 1.00 and its standard
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deviation is 0.00, therefore PhysTCriTS is considered to fit the model. According to the
result of the analysis, it can be concluded that PhysTCriTS which consists of 52 items
(questions) concerning critical thinking skills is considered to be valid because it fits the
partial credit model (PCM).

Completing the validity analysis, information function, SEM and reliability test were
performed. The information function and SEM are inversely related. This is in
accordance with the theory in Hambleton & Swaminathan (1991) which states that the
SEM and the information function are inversely proportional, the higher the SEM, the
lower the information function becomes, and vice versa. This relationship shows that the
ability of students is in accordance with the developed instrument. Based on Figure 3, it
can be seen that the critical thinking skills test is suitable for students with the ability of
-1.80 < 6 < 1.50, so students can take the critical thinking skills test with medium to high
abilities as well.

The item reliability value of critical thinking skills test obtained from the summary value
of item estimate is 0.75. The test reliability based on the summary value of case estimate
is 0.74. Based on the result, PhysTCriTS is considered to be valid. The conclusion is in
accordance with the interpretation of reliability determined. If the test reliability value is
in the range of 0.67 to 0.80, then the test reliability is considered to be quite good.

In order to be able to be assembled into CAT, the item difficulty index need to be
determined. The item difficulty index is the degree of difficulty per step. The difficulty
index determines the next items that students will face after answering a specific item. If
the test takers answer the item correctly (on a scale of 3 and 4), they will then face the
more difficult item, but if the test takers answer the item wrongly (on a scale of 1 and 2)
then they will get easier item (Hadi, 2012). According to the item difficulty index
analysis, 52 items concerning critical thinking skills in two packages of PhysTCriTS
show that their difficulty indexes are in the range of -0.75 to 1.30, respectively. These
results show that the difficulty indexes of these items are good. The difficulty index of
the test item, which is categorized as good is in the value range of -2 to 2 (Retnawati,
2014; Mardapi, 2017).

The results of the analysis toward the quality of PhysTCriTS show that PhysTCriTS is
considered to be valid, reliable, and has a good range of difficulty which is able to cover
all levels of students’ ability. Considering those conclusions, PhysTCriTS is ready to be
assembled into CAT. CAT is based on item response theory, selects items from an item
bank that are most appropriate for each child, thereby minimizing the number of items
needed to ensure an accurate score (Huang, et.al, 2018: 2). This is also supported by the
study of Whiley et. al (2017) which states that the development of students’ critical
thinking skill is affected by a good study environment management, e.g.: concerning the
curriculum design and learning evaluation. Learning evaluation that begins with a good
evaluation using CAT may develop students’ critical thinking skill. Figure 5 shows the
example of PhysTCriTS item appearance in CAT.
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The graphic of relation between calor (Q) and temperature (T)
heating five different essence with the same mass is as follow:

o

[

[
_—

10
According to the graphic, the essence with biggest calor capacity is ...
A (1)

B.(2)

C.(3)

D. (4)

E. (5)

Reason:

A. The biggest calor capacity occured when the value of Q is big, while the value of T is
smal

B. The biggest calor capacity occured when the value of Q is big, while the value of T is
big

C. The biggest calor capacity is influenced by the amount of calor

D. The biggest calor capacity is influenced by the temperature changes

E. The biggest calor capacity occured when the value of Q is small, while the value of T
s big

Figure 5
The Example of PhysTCriTS Item Appearance in CAT

PhysTCriTS which implements CAT system is able to present the problems (questions)
to the students in accordance with their ability as Finkelman et al, (2014) state that the
next item will then be different, the difficulty index of the next items will change
depending on the previous question answered. In addition, CAT is able to provide quick
feedback for both student and teacher. Figure 6 shows the feedback provided by CAT.
CAT is said to be the most important psychological assessment development since it is
able to minimize human error in administrating the test, and also to make scoring cost-
friendly.

Selisih SE

003
003 02

1 0 071 021 1316

1 0.5 E1T] 078 047 1182

2 o 008 088 01 1082

1 a0 0.1 066 022 095

1 1 212 076 018 0834

1 012 21 078 047 083 3

2 FE] a2 0% 003 0829 0.009
8 Akhir: 0.05

Skor Poin :  50.83

Figure 6
The Feedback Appearance Provided by CAT

Figure 6 shows the output results of PhysTCriTS using CAT of one of the students. The
figure contains the student’s identity, item identity which is conducted, and the student’s
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physics critical thinking ability (0) which is stated in logit scale based on IRT according
to PCM and in the scale of 100.

The results of this study have implications for reducing cheating (fraud) in the thest
because each student gets a different item according to the ability of the students.
Furthermore, the test with CAT can also accurately measure students’ critical thinking
skills with more effectiv and efficient time and energy. This is also reinforced by the
results of Huang, et. al (2018) which states that CAT based on IRT, selects items from
an item bank that are most appropriate for each student, thereby minimizing the number
of items needed to ensure an accurate score.

CONCLUSION

Based on the data analysis, it is concluded that: (1) PhysTCriTS is developed in the
form of reasoning multiple choices on two sets, each with 30 items and 8 anchor items.
The critical thinking skills test includes the elementary, classification, basic support,
fluency, advance clarification, and strategy and tactics of sub-materials of Elasticity,
Hooke’s Law, Static Fluids, Temperature and Heat, and Optical Devices; (2)
PhysTCriTS is eligible and qualified to be used as an instrument to measure Physics
critical thinking skills of 10" grade students according to the following findings: i)
content validation as evidenced by the expert judgment and Aiken's V score of critical
thinking skills tests is 0.67 -1.00; ii) empirical validation shown from the result that all
of the test items of critical thinking skills fit the PCM, that is, in the range of 0.86 to
1.20; iii) he difficulty indexes obtained spread from -0.75 to 1.30, respectively, or lie
between -2.0 and 2.0; therefore, they are categorized as good items; and iv) the entire
PhysTCriTS items are reliable based on the values of the information function and
SEM; and (3) PhysTCriTS is eligible and qualified to be installed into CAT.
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