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Critical thinking; Partial Credit Critical thinking ability refers to cognitive processes to
Model (PCM); Rasch Model; solve problems so that students are able to relate learning
High Order Thinking; Logic to everyday life. This achievement needs to be measured

Model, Two-tier Test with valid and reliable instruments. Therefore, the

research was conducted with the aim of characterizing the
critical thinking test type two tier tests using the Rasch
model. This study used a construction design and test
validation. The construction process resulted in a critical
thinking test of the two-tier type in the form of multiple
choice on physics material for class X semester 1 which
measured three basic aspects of critical thinking. The
validation procedure was based on a trial exam taken by
146 students in Melawi Regency and a test evaluation by
two experts. The findings demonstrated that the Aiken's V
content validity analysis and the analysis utilizing item
response theory both supported the validity of the critical
thinking test. The analysis's findings demonstrated the
validity and reliability of this test of critical thinking. The
23 created questions were found to be valid based on the
results of the content validity test utilizing Aiken V. This
test's empirical validity demonstrates that every item has a
good level of difficulty and meets the Rasch model. The
physics material used in the designed critical thinking test
for class X semester 1 was valid, dependable, and had a
good level of difficulty.

INTRODUCTION

Students are required to be proficient in dealing with and solving problems in the surrounding
environment. Students are expected to be responsive to the conditions faced by the surrounding
environment. Therefore, it is necessary to have basic skills which are often referred to as higher order
thinking skills (HOTS). The term HOTS refers to skills including Communication, Collaborative,
Critical thinking and Creativity. These skills will be the spearhead in the readiness of students to face
competition in the world of work.
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Indonesian students' HOTS skills are low. The Program for International Student Assessment (PISA)
results from 2019 was 396; seven points lower than that of 2015 [1]. This demonstrates the need to
improve students' HOTS competencies, including critical thinking ability. Problem-solving starts with
using critical thinking as a fundamental skill. Decision-making, leadership, and judgment skills are all
impacted by critical thinking [2]. Students must be able to gather and describe information, pose
queries, and react to their surroundings [3].

Critical thinking skill refers to cognitive processes that provoke students to reason, assess, defend,
make alternatives reflectively and honestly in accordance with available evidence and arguments.
Students who are accustomed to thinking creatively will construct knowledge based on the initial
knowledge they have by paying attention to the truth of the knowledge itself. So students who are
critical will not easily accept statements from others without thinking scientifically first [4] [5] [6] [7]-

Students who have critical thinking skills will be able to basic classification with further support,
interference, further clarification accompanied by strategies and tactics [5]. These three steps show
that critical thinking skills can provide a broader view, creative solutions, and ways of initiative [8],
are able to see opinions related and related to everyday life [6], and build ideas, structures and actions.
built and channeled to the interests of the good. There are three approaches that can evaluate critical
thinking skills carefully which include: the belief that critical thinking can only be assessed in certain
contexts; critical thinking can be judged by friends as a reflection; critical thinking assessment can
only be seen from documentation, demonstration, and the students' own assessment [8]. One of the
measuring tools that can be used to determine students' critical thinking skills is a test. The test is a
measuring instrument that can be quantified that explains the stimulus and perspective of an answer.
Test must be able to measure the ability of the stimulus and perspective objectively and can be
presented in the form of numbers. Therefore, test is interpreted as presenting a series of questions that
must be answered to obtain a measure of a person's ability.

Item response theory (IRT) was used to evaluate the viability of the critical thinking ability test
instrument. The tests employed in the learning process should not only focus on (1) the characteristics
of items that depend on the sample group utilized, (2) not demand equality of measurement errors for
all test subjects, and (3) not demand parallel classes. The Classical Test Theory (CTT), which pays
less attention to the interaction between each student and the item, has a drawback in that it cannot
accurately reflect students' abilities. Item Response Theory (IRT) addresses this shortcoming. Some of
the weaknesses of the CTT are that the raw score is basically not a measurement result. The raw score
is initial information, the raw score has a weak quantitative meaning, the raw score does not indicate a
person's ability to a particular task, and the raw score and the percentage of correct answers are not
always linear [9] [10]. This is in line with the opinion of Pellham Il [11] which states that “the main
characteristic of the IRT model is that the reliability (or measurement accuracy) of a score varies as a
function of the respondent’s score on the construction being assessed. This contrasts with the classical
test theory approach, where reliability is determined by a single number (eg, alpha coefficient) that
applies to each respondent's score.

The general assumptions of the most widely used IRT model are unidimensionality and local
independence [12]. Unidimensional means that only one ability is measured by the items that make up
the test, while local independence means that the response to one item is free from the influence of
other items. There are three unidimensional IRT models, namely 1 logistic parameter (1 PL), 2
logistical parameters (2 PL) and 3 logistical parameters (3 PL) [13]. The difference is that the 1 PL
model only measures the level of difficulty, the 2 PL model measures the level of difficulty and false
guesses while the 3 PL model measures the level of difficulty, false guesses and discrimination [14].

The Rasch model is a type IRT with 1 logistic parameter (1PL) with item difficulty parameters. The
Rasch model explains that students who have higher abilities are more likely to answer questions
correctly than students with lower abilities. This also occurs in the item questions. Items that have high
difficulty, the probability that the item can be solved is also low. As a 1PL model, the Rasch model is
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used to solve dichotomous score. The analysis of rasch model which modify the dichotomous score
into a polytomy score is called the Partial credit model (PCM). The PCM model is a model for
constructing measures using items with two or more response categories [15].

PCM is an extension of Model 1-PL and belongs to the Rasch Model family [16] which has developed
operating characteristic functions (OCF) [17]. The presence of the Rasch model as a new measurement
system, aims to overcome the limitations of the classical measurement system or Classical Test
Theory (CTT) [18] [19]. Estimation of the fit of items and parameters in the Rasch model including
the PCM model can be determined by using an iterative proportional fitting algorithm for the loglinear
model [20]. This model ensures that one construct is being measured, and the items are systematically
and predictably related to one another [21]. If the data deviate greatly from the Rasch model, the cause
needs to be considered and the inappropriate person or item may need to be removed [22]

The PCM model from Masters has the characteristics of (1) the polytomus scoring model can give
credit to the correct application of the items, (2) the polytomus scoring model will provide an
opportunity to increase measurement accuracy compared to the dichotomous model, (3) between
stages in solving questions does not always have the same level of difficulty, and (4) the higher
category does not always have a higher threshold, nor does the lower category always have a lower
threshold [23] [24]. PCM is an analytical model of the IRT form (Item Response Theory) in which
students' responses to problems can describe students' abilities [25].

Thus, it is necessary to develop a critical thinking ability test using the Rasch model analysis. This test
is intended for high school students of Class X Revised 2013 Curriculum. The specification of the test
developed is a two-tier test with closed multiple choice reasons.

METHOD

This is a research to develop a test of students' critical thinking skills in physics. The critical thinking
ability indicator was adopted from Ennis' critical thinking aspect (ability) [26]. In detail, the critical
thinking indicators applied in the test instrument for students' critical thinking skills are listed in Table
1.

Table 1. Aspect of Critical Thinking Ability

Aspect HOTS Indicator Definition

Explaining Identifying and state information from a problem

Interpreting (C4) Distinguishing irrelevant information and relevant

Categorizing i formation in the problem

Connecting  Connecting the variables in the problem

Basic Analyzing (C4) Interpreting  Making various representations of the problem

Clarification Examining  Assessing the truth of an explanation or argument

Evaluating (C5) Criticizing Checking the explanation of the problem

Finding causal relationships from a problem logically

Guessin .
9 to draw conclusions

Concluding (C5)

Formulating  Making conclusions from explanations

Clarifying Evaluating causal relationships with relevant theories

Furthgr Further clarifying (C6) . Comparing the conclusions drawn with the relevant
clarifying Proving theory
Strateg_y and Making decisions (C6) ~ Constructing DeS|g_n|ng conc_lusmns f_rom several theories that
tactics contain alternative solutions

Two analysis used included content validity and item characteristics. Content validity data were
analyzed using Aiken-V, while the analysis of test item characteristics used the Winstep-assisted
Rasch model [27]. Test items characteristics test involved 146 students in Melawi Regency, West
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Kalimantan. The Rasch model has better accuracy compared to CTT [28] [29]. The grain
characteristics were analyzed using the Rasch Model type Partial Credit Model (PCM). This analysis
is a development of the dichotomous item analysis which is applied to the polytomy item and included
goodness fit items (item match), level of difficulty, reliability with test information function (TIF)
curves and standard error measurement (SEM) values, test characteristic curve (TCC) analysis and
student ability levels that match the test items (ability).

RESULTS AND DISCUSSIONS

The physics material on the test instrument consists of Newton's law and Newton's law of gravity and
work-energy material. The distribution of critical thinking ability test items for physics class X
semester 1 is shown in Table 2.

Table 2. Distribution of Critical Thinking Ability Test Items

Physics Material

Aspect HOTS Newton Law  Newton Law of Gravity Work & Energy
C4 Interpreting 1 13 -
Basic classification C4 Analyzing 2,39,12 17,18 10,16
C5 Evaluating 8 14,20 15,22
C5 Concluding 6,19 11 20
Further clarifying  C6 Further clarifying 4,5,17 - 23
Strategy and tactics C6 Further clarifying 7,18 - 21

Table 3. Sample Task in Indonesian and English Version

Indonesian Version 19. Kendaraan mudah mengalami slip atau tergelincir pada jalan dengan belokan datar
yang basah. Untuk mengatasi permasalahan tersebut, apa yang dapat dilakukan
pengelola jalan agar mengurangi jumlah kendaraan yang mengalami slip, kecuali?

Po0TE PP T

Membuat belokan jalan miring ke dalam
Mempertebal aspal

Memberi pagar pembatas jalan

Memasang rambu-rambu kurangi kecepatan
Memperkecil belokan di jalan

lasan:

Karena dipengaruhi oleh gaya sentripetal

Karena dipengaruhi oleh gaya gesek jalan dan ban mobil

Karena dipengaruhi oleh gaya sentripetal serta gaya gesek jalan dan ban mobil
Karena dipengaruhi oleh kecepatan dan gaya sentripetal

Karena dipengaruhi oleh kecepatan dan percepatan mobil

English Version 19. Vehicles are easy to slip or slip on roads with wet flat turns. To overcome this
problem, what can road managers do to reduce the number of vehicles that slip,
except?

a.

Make the road turn inward slope

b. Thicken the asphalt

c. Provide guardrails

d. Installing speed reduction signs

e. Minimize turns on the road

Reason:

a. Because it is influenced by centripetal force

b. Because it is influenced by road friction and car tires

c. Because it is influenced by centripetal force and road friction force and car tires
d. Because it is influenced by speed and centripetal force

e. Because it is affected by the speed and acceleration of the car
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The test instrument developed is closed multiple choice with two stages of preparation. The first stage
is the dissemination of multiple choice tests that include students' critical thinking skills. This test is
called the first level test. After that, the test takers were given an interview to state the reasons for
choosing the answer. A test that does not have a rationale for choosing an answer or all students
guessing the answer will be rejected. The reasons obtained are used in developing the options at the
second level. Students get a score of 4 if they answer the right question and the reason is right, score 3
if they answer the question right the reason is wrong, score 2 if the question is wrong and the reason is
right, score 1 if the question is wrong and the reason is wrong.

Content Validity

The content validity carried out refers to Aiken-V equation and coefficient [30]. Aiken-V coefficient
value for 4 raters with an error rate of 5% was 0.88. Based on Table 2, it is determined that 21 of the
21 higher order thinking skills (HOTS) test items that reflected physics critical thinking abilities were
valid. Based on these results, the composition of the distribution of critical thinking ability test items
for class X physics is reconstructed as shown in Table 4.

Table 4. Content Validity

Item Aiken-V Value Ket
1 0,90 valid
2 0,92 valid
3 0,89 valid
4 0,95 valid
5 0,93 valid
6 0,90 valid
7 0,90 valid
8 0,89 valid
9 0,89 valid
10 0,92 valid
11 0,90 valid
12 0,93 valid
13 0,89 valid
14 0,90 valid
15 0,91 valid
16 0,91 valid
17 0,90 valid
18 0,90 valid
19 0,89 valid
20 0,91 valid
21 0,88 valid
22 0,90 valid
23 0,94 valid

Item Estimate

The average value of the INFIT Mean of Square (INFITMNSQ) and its standard deviation can be used
as a starting point for total item estimation. The standard deviation is close to 0.00 while the size of the
INFITMNSQ is nearly 1.00, or vice versa. When the standard deviation is close to 1.00 and
INFITMNSQ is close to 0.00, the test item passes the overall Rasch model fit test using the PCM 1 PL
model [31]. Therefore, it can be said that item estimates traditionally suit the Rasch model.
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Table 5. Item Estimate

Data INFIT MNSQ  OUTFIT MNSQ Infit t Outfit t
Mean 1,00 1,02 -0,07 0,07
SD 0,10 0,14 1,09 0,96

To find out the criteria for item suitability, the results of the MNSQ outfit data analysis, Outfit ZSTD
and PT Measure Corr [32] were used. Since it fell within the range of 0.50 to 1.50, the data from the
MNSQ outfit, which ranged from 0.80 to 1.31, was accepted. The range of ZSTD outfit data was -0.9
to 1.9. The Point Measure Correlation demonstrated the range of Rasch's discrimination power, which
is between -0.05 and 0.36. The data did not fit the Rasch model according to the Point Measure
Correlation data. The MNSQ outfit data and the ZSTD outfit matched the requirements. Therefore, the
guestions can be used even though the point measure correlation data does not fit. It can be said that
every two-tier question on a test of critical thinking skills corresponds to the Rasch model.

Table 6. Goodness of fit test

Analysis Information
Item Outfi i PT i i PT Concluti
utfit Outfit Measure Outfit  Outfit Measure onclution
MNSQ ZSTD Corr MNSQ ZSTD Corr
S9 1,31 19 0,17 Fit Fit Not Fit Fits the model
S11 1,25 2,3 0,34 Fit Fit Not Fit Fits the model
S6 1,16 0,9 0,32 Fit Fit Not Fit Fits the model
S7 1,14 0,8 0,1 Fit Fit Not Fit Fits the model
S15 1,11 0,7 0,07 Fit Fit Not Fit Fits the model
S23 1 0,1 0,28 Fit Fit Not Fit Fits the model
S8 1 0,1 0,3 Fit Fit Not Fit Fits the model
S17 1,06 0,5 0,17 Fit Fit Not Fit Fits the model
S14 1,02 0,2 0,12 Fit Fit Not Fit Fits the model
S2 1,03 0,3 -0,05 Fit Fit Not Fit Fits the model
S18 0,98 0 0,16 Fit Fit Not Fit Fits the model
S4 0,95 -0,2 0,07 Fit Fit Not Fit Fits the model
S13 0,94 -0,4 0,2 Fit Fit Not Fit Fits the model
S16 0,92 -0,6 0,15 Fit Fit Not Fit Fits the model
S5 0,89 -0,9 0,21 Fit Fit Not Fit Fits the model
S1 0,86 -0,8 0,24 Fit Fit Not Fit Fits the model
S21 0,88 -0,8 0,16 Fit Fit Not Fit Fits the model
S19 0,87 -0,6 0,05 Fit Fit Not Fit Fits the model
S20 0,86 -0,9 0,18 Fit Fit Not Fit Fits the model
S12 0,8 1,5 0,36 Fit Fit Not Fit Fits the model
S10 0,81 1,2 0,24 Fit Fit Not Fit Fits the model

Difficulty Index

If the difficulty index of the test item is greater than -2.0 or less than 2.0, it falls into good category
[31]. The difficulty index of the test items ranged from -0.36 to 0.24 based on the information in Table
7. Due to the fact that all items' difficulty indexes fell between -1 and 1 (moderate), they all match the
required criteria. In PCM, the only item attributes that influences student performance is the item
difficulty parameter.
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Tabel 7. Difficulty

Item Difficulty Information
S19 0,24 Good
S7 0,23 Good
S4 0,17 Good
S6 0,12 Good
S8 0,12 Good
S15 0,11 Good
S18 0,1 Good
S1 0,09 Good
S10 0,09 Good
S23 0,07 Good
S21 0,01 Good
S9 -0,01 Good
S13 -0,03 Good
S20 -0,04 Good
S12 -0,08 Good
S14 -0,11 Good
S17 -0,15 Good
S16 -0,15 Good
S2 -0,2 Good
S5 -0,22 Good
S11 -0,36 Good

Information Function and Standard error measurement (SEM)

The reliability of the test has a total peak of information at a value of 27.45 on the ability or theta scale
of -0.16 with an error of interpretation of 0.19. These outcomes suggested that the test's degree of
accuracy was average. According to Hambleton, the estimation is more accurate the higher the
information function [12]. In other words, a test that is useful for focusing on a certain level of
aptitude can be described as having a concealed nature by the information function [33].

Figure 1 depicts the results of the critical thinking ability test, which consists of 23 questions and was
administered to 146 high school students in the Melawi Regency. It reveals that the test items will be
valid for students with ability levels between -2.74 and 3.31, or those who fall between the categories
of very low and very high abilities.

30

25 A\
0 [
[\

iz / \ SEM
/X

Fig 1. IF & SEM
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Test characteristic curve (TCC)

According to Figure 2, students with an ability level of -5 (extremely poor) received a score of 21 out
of a possible 92, or 22.82% of the possible score. Students with an ability of 6 (extremely high) will
receive a score of 84 out of a possible 92, or 91.30% of the possible score. The estimations of
proficiency under the item pattern scores, however, tend to differ from those under the grade-
correction scores for students with the same correct-item scores but different item responses [34].

Test Characteristic Curve

4

Expected Score on Test

2 T + + t
3 2 n 0 1

Measure

Test Characteristic Curve

Fig 2. TCC

The level of student ability that matches the test item (ability)

According to Table 7, which categorizes students' critical thinking abilities into five levels, 19.18% of
students had very high critical thinking abilities, 19.86% had high critical thinking abilities, 37.67%
had moderate critical thinking abilities, 17.12% had low critical thinking abilities, and 6.16% had very
low critical thinking abilities. This demonstrates that Melawi Regency kids' critical thinking skills
were still rated as moderate. The fact that the teacher did not encourage students to develop their
critical thinking abilities and that they exclusively measured learning outcomes with multiple choice
guestions is an indication of the reason of this incident [35].

Table 7. The level of students' abilities that match the test items

Category Frequency Percentage
Very high 28 19,18
High 29 19,86
Moderate 55 37,67
Low 25 17,12
Very low 9 6,16
Total 146 100,00

According to research on a variety of physics topics, including momentum and impulse [36], matter
and its transformations [37], and vectors [38] Indonesian high school students have poor critical
thinking skills. In middle school, the same incident occurred. Using 15 critical thinking tasks with 13
elements, Nuryanti, Zubaidah, and Diantoro discovered that junior high school students' critical
thinking skills are still lacking [39]. Therefore, through assessing the learning process and the
assessment it generates, the teacher plays a crucial role in developing critical thinking skills.
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CONCLUSION AND SUGGESTION

According to this study, physics critical thinking test created was valid, dependable, and of a good
level of difficulty. This critical thinking exam instrument can be used to assess students' abilities in all
ability levels, from poor to high.
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