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Abstract: The goal of this study was to examine critical thinking skills on the topic of climate 
change. This study is quantitative in nature. The information was gathered by creating a 30-
question test to assess the ability to think critically about climate change. Respondents were 
52 physics education students from one of Tasikmalaya's campuses. Winstep software 
version 4.00 was utilized for data analysis. Rasch modeling was employed in this 
investigation. The results of the Rasch modeling study show a value of 0.38 for person 
reliability and 0.91 for item reliability, indicating that the instrument items manufactured 
are dependable. The raw variance value of 23.4% suggests that the standards for 
dichotomous data construct validity are met. The separation value of 3.15 supports this. It 
suggests that this item has a good answer distribution and can assess critical thinking skills 
on the topic of climate change. As a result, it can be used for study. 
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Introduction 

Planet Earth is experiencing increasingly apprehensive conditions. The earth begins to 
experience a process of decreasing quality and indications of running out of natural resources. 
Industrial growth that produces hazardous waste, ignorance of littering, river water pollution, 
uncontrolled growth of motorized vehicles, excessive use of energy, excessive fertilization, forest 
burning, and conversion of natural forests This human activity causes damage to natural resources and 
builds up the volume of greenhouse gases in the atmosphere (A. Leicht, 2018; Masson-Delmotte et al., 
2021). 

The industrial revolution influenced worldwide environmental change significantly. These 
modifications are mostly the result of extensive and damaging human activities. This problem is caused 
by an unsustainable lifestyle (UNESCO, 2017; von Weizsäcker, E.-U., & Wijkman, 2018). Planet Earth is 
losing its ability to produce the resources required to meet human needs. This problem cannot be 
separated from the low level of human awareness of the interrelationship between humans and 
natural systems, which, if left unchecked, causes current and future generations to experience 
difficulties in meeting their needs. 

To solve these issues, we must be critical of the conditions that exist and alert to the 
environmental destruction that is occurring around us. Furthermore, it is critical to inculcate a thorough 
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awareness that nature is a friend of life who requires each other and must be properly cared for 
(Ridwan et al., 2021). Furthermore, problem-solving ability is critical and must be learned by students. 
The study of earthly phenomena and celestial bodies is known as IPBA. IPBA is a required subject in 
most physics education majors in the aim that students will grasp the status of the universe by 
physically studying natural events using physics and mathematics (NSTA, 2020). 

One of the learning outcomes of this course is the ability of students to develop crucial solutions 
to social, economic, and environmental challenges related to the current trend of climate change 
(UNESCO, 2020). A person with strong critical thinking abilities can participate as a science consumer 
(National Research Council, 2012). Someone who lacks the ability to think critically, on the other hand, 
will struggle to compete in a global world (Frijters et al., 2008). As a result, critical thinking skills are 
essential for students. 

Critical thinking abilities have been acknowledged as vital for academic and career success in the 
twenty-first century (Facione, 2015). With the increasing demands of the workplace and global trends 
in higher education, educators and employers are placing a premium on critical thinking skills 
development (Shaw et al., 2020). When faced with an issue, someone with critical thinking skills will 
be visible in the person's character. When the person speaks, acts, or is fighting about a hard subject, 
the character will be seen. Several studies have been conducted to investigate the ability to think 
critically. To properly measure critical thinking skills, the assessment will undoubtedly require a good 
measurement test. Multiple choice exams, skill tests, and description tests can be used to assess critical 
thinking skills (R. H. Ennis, 2011). The construction of a multiple-choice exam was chosen in this study 
to assess physics students' critical thinking ability. 

This type of critical thinking ability test research and development has been done before. One of 
them is to create a broad and material-free critical thinking skills exam (R. Ennis, 2011; Facione, 2015). 
Many reports have discussed the development of critical thinking tests, such as research that 
developed a multiple-choice critical thinking ability test to measure HOTs for prospective elementary 
school teachers (Maryani et al., 2021), analysis of students' critical thinking ability tests using response 
theory items (Item Response Theory/IRT) on physics material using the Partial Credit Models (PCM) 
approach (Asysyifa et al., 2019). There are few publications in the literature on the research and 
creation of test instruments that truly measure critical thinking skills on the topic of climate change. As 
a result, examinations of critical thinking abilities on climate change are required for physics students. 

This study is significant because students' inadequate ability to think, particularly critical thinking, 
is inextricably linked to the practices of teachers or lecturers who conduct evaluations by measuring 
only elements of knowledge (Palavan, 2020; Saprudin, 2019; Suhendi et al., 2018). Students will not 
have higher-order thinking abilities if they are not given the opportunity to develop them and are not 
guided to tackle the world's current climate concerns. To address the issue of poor critical thinking 
abilities, it is vital to create learning that stresses the process of connection between learning materials 
and real-world circumstances, encouraging students to link and apply learning results in everyday life. 
Furthermore, educators must create questions that require students to be skeptical of daily 
phenomena (Andresen et al., 2020; Hudha et al., 2017). 

The goal of this project was to create a critical thinking ability exam for physics education 
students in the IPBA course on climate change. Another goal is to assess the validity and reliability of 
the tests generated using Rasch modeling. The exam in this research and development is a multiple-
choice test of critical thinking skills for physics students on the topic of climate change. The qualities of 
climate change content, which are more related to stories of real life than calculations, are used to pick 
multiple-choice examinations. Furthermore, several problems are encountered when examining 
climate change material (Eggert et al., 2017). The researcher picked the issue of climate change 
because it is a challenge that humans confront now and in the future, and essential and long-term 
efforts are required to solve it since climate change has a real influence on human survival. 

 

 



Momentum: Physics Education Journal, 7(2), 2023, 247-258 

249 

Method 

This research is a sort of R&D that employs the ADDIE model research steps (Alnajdi, 2018). The 
model has five stages: (a) analyze, (b) design, (c) develop, (d) implement, and (e) evaluate. Only the 
third stage, development, was investigated in this study. This research will last seven months (from 
June to December 2022). The information was gathered by creating a 30-question test to assess 
people's ability to think critically about climate change. The subjects of the study were 52 physics 
education students from one of Tasikmalaya's campuses. Winstep software version 4.00 was utilized 
for data analysis. Rasch modeling was employed in this investigation. This modeling was chosen 
because it used a probabilistic model with the assumption that the chance of the subject successfully 
answering the question is determined by the subject's competence as well as the qualities of the item. 
This suggests that test takers with high abilities outperform test takers with poor abilities (Chusni & 
Suherman, 2021; Eleje et al., 2018; Sharkness & DeAngelo, 2011). 

The first step is to do an analysis. A review of existing critical thinking skills assessments is 
performed at this step. Furthermore, it has been developed. The second stage is preparation. At this 
point, the indicators for the construction of tests of critical thinking skills are chosen. The five indicators 
chosen are: (a) interpretation to understand the meaning of a thing; (b) analysis to understand more 
deeply about a thing through data, information, and others; (c) inference to draw conclusions from 
collecting data and information; (d) evaluating to assess the credibility of the resulting conclusions; (e) 
explaining the truth, reasons, and evidence; and (f) self-regulation (Facione, 2015). These six factors 
are then used as a guideline for constructing the goods. Development is the third stage. The standards 
for critical thinking ability are used to design the critical thinking ability exam. 

Thirty multiple-choice questions were created for this investigation. The thirty questions cover 
five areas of critical thinking ability. Table 1 shows the five dimensions of critical thinking skills and the 
characteristics of the items that reflect them. 

Table 1. Critical Thinking Indicators and Items representing them 

No Critical Thinking Aspect Items 

1 interpretation 1,2,3,4 
2 analysis 5,6,7,8,9,28 
3 evaluation 10,11,12,13,14,15 
4 inference 16,17,18,19,20,22 
5 explanation 21,23,24,25 
6 Self-regulation 26,27,29,30 

 
After that, the test is validated. Validation was performed twice: once for content validation and 

once for empirical validation. Two lecturers from the Department of Physics at the Faculty of 
Mathematics and Natural Sciences UPI Bandung and one lecturer from the Department of Physics at 
Siliwangi University, both subject matter experts and experts in physics education, validated the 
content. This validation takes into account four factors: (a) the items' appropriateness with the 
indicators; (b) the level of difficulty of the items (the concept of the questions); (c) the usage of 
language in the items; and (d) the correctness of the concept of the answer key. In addition, content 
validation was performed to obtain expert input on test items. The average description method was 
used to analyze data from content validation findings. Furthermore, the test items were updated based 
on expert recommendations. 

Following the revision stage, the empirical validation stage was carried out. Empirical validation 
was performed on 52 students from one of Tasikmalaya's state universities. This empirical validation is 
used to verify the validity and reliability of research instruments, as well as to test the suitability of 
individuals and items at the same time. The instrument will be examined utilizing rapid modeling with 
Winstep software in this study. An investigation was performed in order to create instruments with 
high validity and reliability for measuring critical thinking skills. This instrument can then be employed 
in accordance with the requirements of future research. Rasch modeling has several advantages 
because it meets the five measurement model principles, which are as follows: first, it can provide a 
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liner scale with the same intervals; second, it can predict missing data; third, it can provide a more 
precise estimate; fourth, it can detect model inaccuracies; and fifth, it produces replicable 
measurements (Sharkness & DeAngelo, 2011; Sumintono & Widhiarso, 2015). 

Results and Discussion 

Climate change has been a fascinating topic throughout the last decade. This is inextricably linked 
to the fact that the Earth's temperature continues to rise at an alarming rate, which has a negative 
impact on life on Earth. This happens naturally, but since the 1800s, human activity has been the 
primary source of climate change, owing primarily to the use of fossil fuels such as coal, oil, and gas 
(UNESCO, 2017). Figure 1 depicts the growing temperature of the planet Earth. 

 
Figure 1. The trend of increasing Earth's temperature (Zhang et al., 2018) 

This research and development begins with defining research objectives, which include 
producing assessments of critical thinking abilities relevant to the issue of climate change as well as 
knowing the validity, reliability, and applicability of people and products at the same time. Following 
that, the benchmarks used in the development of test items were chosen. In this research and 
development, a criterion was chosen, namely the ability to think critically, which consists of the 
previously reported six critical thinking skills (Facione, 2015). 

Students were allowed 100 minutes to work individually on the test items. Following the 
completion of the test, the students' answers were corrected and analyzed using the Winstep 
application. There are 30 elements that fit the Rasch model based on data analysis of the Winsteps 
application. Table 2 shows the whole set of results. 

Table 2. Validity dan Reliability of the Instrument 

Variable Logit average Separation Reliability Validity 

Person 0,24 0,74 0,36 
23.4% 

Item 0,00 3,15 0,91 

 
Table 2 demonstrates that the general quality of student response patterns, the quality of the 

instruments utilized, and the interactions between people and goods are all important. Furthermore, 
the person's measure value is 0.24 logit, indicating that students’ abilities are likely to be stronger than 
the average difficulty level of questions with 0.00 logit. 
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The consistency of student answers is measured using person reliability. The person reliability 
value of 0.36 indicates that student answers are inconsistent. Item dependability is used to assess the 
quality of items based on the outcomes of student responses. The item dependability value is 0.91, 
indicating that the quality of the questions created in the instrument's reliability component is good. 
Cronbach's alpha (KR 20) is a measure of dependability that takes into account the interaction between 
the individual and the things as a whole. The Cronbach alpha reliability coefficient of 0.38 derived from 
sum.stat is in the poor category. 

The validity of the instrument is another piece of data that can be seen. The raw variance of the 
dichotomous questions' instrument validity value must be greater than 20%, and the raw variance of 
the polytomous data must be greater than 40%. According to Table 2, the raw variance value is 23.4%, 
indicating that the instrument created fulfills the required construct validity and is certified valid. 

The separation value identifies the grouping of people and stuff. Because it identifies groups of 
respondents and groups of items, the greater the separation value, the higher the quality of the 
instrument in terms of all respondents and item items. The value of separation can be used to derive 
the grouping of items in Rasch modeling. Because it can identify the objects that have been created, 
the higher the value, the higher the quality of the instrument. Another equation, stratum division, is 
employed more precisely: 

H=[(4xSEPARATION)+1]/3         (1) 
With a separation item value of 3.15, H = [(4x3.15)+1]/3 = 4.5 is rounded up to 4, which means 

that there are four groups of item questions, which can be interpreted as very difficult, difficult, easy, 
and very easy. In the picture that appears, on the left side there is an L code, which indicates a male, 
and a P code, which indicates a female, while on the right side there is an S code, which indicates a 
question. 

To see the distribution of student abilities and the distribution of question difficulty maps, see 
Figure 2. 

 
Figure 2. Distribution of student abilities (left side) and item difficulty (right side) 
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Figure 2 depicts two kids with exceptional ability, 27P and 44L. These two students’ logit value is 
11.24 (< +2). Students with extremely low skills, 01L, 04P, and 14L, had sequential logit values of -1.71, 
-1.07, and -0.88 (nearly close to -2). The problem-difficulty map is shown on the right. It can be seen 
that question S13 is the most difficult (2.83 logit), with only four students answering properly, and 
question S17 is answered correctly by nine students (1.89 logit), implying that the possibility of all 
students answering correctly is extremely low. Furthermore, the question with the lowest logit score (-
2.12) is S29. In this example, practically all students can solve this problem correctly, as proven by 47 
of 52 sample students successfully answering this question. Figure 3 depicts the number of questions 
successfully answered by students with the question code S17, indicating that the questions are very 
simple to work on. 

 
See the various human activities below! 

 
Based on the pictures on the side, the attitude you will take to 

reduce the impact of global warming on Earth is.... 
A. burning waste, raising poultry, and operating manufacturing 
machines 
B. walking, riding a motorcycle, and planting trees 
C. walking, tree planting, and raising poultry 
D. raising poultry, walking, and operating manufacturing machines 

 

Figure 3. The easiest question (code S17) 

The S13 question was one that students answered incorrectly the fewest times. Although 
questions with code S13 and response choice D can also be correct, most students chose option D with 
the proper answer key, namely C. As a result, this question with code S13 requires change in terms of 
the multiple-choice answer choices in the form of a dichotomy or true-false, so that the answer choices 
offered clearly demonstrate the proper answer choice. Figure 4 depicts the questions that at least half 
of the students properly answered, indicating that the questions with the question code S13 is 
relatively difficult. 

 
The increasing number of motor vehicles results in an increase in urban air temperature which can interfere with the 

breathing process of living things. The exhaust gas from these vehicles is a greenhouse gas and poison to the body. 
Based on these problems, the Government has taken various ways to overcome them. 
1) Make an anti-pollution exhaust using plasma technology for motor vehicles. 
2) Making CO2 detection devices in various public places. 
3) Promote greenery in public open area. 
4) Provide counseling about the importance of environmental health 
According to the information text above, the right technique for the government to deal with motor vehicle exhaust 
gas is... 

A. 1) and 2) 

B. 1), 2), and 3) 

C. 1), 2), and 4) 

D. 1), 2), 3), and 4) 
Figure 4. The most difficult question (S13) 

Students are within the mean and two standard deviations (T), indicating that they are all in the 
typical range. Despite the fact that three students, 01L, 04P, and 14L, were beyond the two standard 
deviation (T) boundaries, they were in the outlier category with very poor abilities. If any items fall 
outside of the standard deviation limitations, they must be adjusted because the questions may be too 
difficult or too easy. The average logit item value is always set at 0.0 logit, indicating the scale's 
beginning reference point; the average logit person is 0.24 logit, which is more than the initial reference 
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point. This demonstrates that the average person's achievement exceeds the difficulty level of the 
questions. 

There are many students who cannot do S13, S17, and S3 questions because the level of difficulty 
of the items whose scores are 2.83 logit, 1.89 logit, and 1.76 logit, are higher than the person's ability 
with an average logit of 0. 24 logs. The logit score of the student's ability which is lower than the logit 
item item means that the probability of being able to answer questions with a larger logit correctly is 
less than 50%. Students 27P (1.24 logit) and 44 (1.24 logit) will have no difficulty in doing the S11 (0.58 
logit), S26 (0.5 logit), and S3 (0.5 logit) questions well because their level The difficulty is lower than 
the person's ability. 

When a person's ability with the same logit value, namely questions 27P (1.24 logit) and 44L 
(1.24 logit), is compared to questions with nearly the same logit value, namely questions S20 (1.21 logit) 
and S9 (1.21 logit), the probability that these two students can correctly answer the S20 and S9 
questions is 50%. Students 27P (1.24 logit) and 44L (1.24 logit), students 25P (1.04 logit) and 42L (1.04 
logit) can work on questions S11 (0.58 logit), S26 (0.50 logit), and S8 (0.25 logit) well because the level 
of difficulty is lower than their ability, but they will struggle with questions S17 (1.89 logit) and S30 
(1.76 logit) because the level of difficulty is higher than student ability. 

Item Fit Level 

Item fit is used to assess the items' suitability (validity). The item's compatibility level can clearly 
observe the quality of the item's suitability with the model. The acceptability of these objects can be 
determined by whether they perform normally when measuring. Figure 5 depicts the applicability of 
the things from highest to lowest order. 

 
Figure 5. Item Conformance Level 
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Based on the fit order output items, in general, it was obtained that all items met the MNSQ 
score criteria, 0.5 < MNSQ < 1.5. Likewise for Z-STD scores, all items fulfill, -2.0 < Z-STD < +2.0. However, 
there are several items that do not meet the Pt Measure Correlation criteria. Even so, because all of 
the items on the MNSQ and Z-STD scores met the criteria even though the items on the Pt Measure 
corr did not fulfill them, all of these items could be considered fit, meaning that the items were 
maintained. 

Person Fit Level 

Rasch modeling can also find individuals whose response patterns differ/are incompatible. The 
pattern of different/inappropriate responses indicates that there is a disparity between the answers 
supplied based on their ability and the ideal model. This can be used to determine the consistency of 
students’ thinking and to determine whether fraud has occurred. Figure 6depicts the order of the level 
of disagreement with the model; one student's response pattern is declared unfit, namely 09P. The 
mean-square outfit value (1.52 logit) of 09P students is beyond the permitted limit of 1.5 logit, whereas 
all students meet the standards in the z-std outfit aspect. 

Pattern of Student Response 

This scalogram will reveal the direct causes of student response patterns and why the response 
patterns do not match the model. The scalogram also has the ability to identify fraud (students cheating 
on each other). The first indicator is to see if the same person logit value is detected, followed by 
checking questions that are correctly and mistakenly answered. The scalogram will plainly show this. 

Figure 7 depicts students 41P, 43P, 47P, and 48P who allegedly cheated on each other by claiming 
a similar pattern of responses to answers. This is why the four students’ response patterns aren't 
perfect. Furthermore, 35P students were careless and stated that there was a lucky guess where the 
third and fourth easiest items in S23 and S29 could not be answered correctly, even though the more 
difficult questions (e.g., questions S9 and S13) could be answered correctly. 

Another example that can be explained with a scalogram is that 10P student answered item S9 
correctly. The logit value of 10P student who is included in the slow response student category is -0.53 
logit. The logit value of question number 9 is 1.21 logit in the difficult category. The student should not 
be able to answer question 9 correctly because the student's logit score is far below the question's logit 
value. It is possible that 10P students will guess (lucky guess). 

Conclusion 

According to the findings of research and data analysis using Rasch modeling, thirty multiple 
choice items on the theme of climate change that have been developed fulfill good test characteristics, 
are evenly distributed on the person item map, and can reach students' abilities. All items meet the 
MNSQ score criteria, 0.5 < MNSQ < 1.5. Likewise for Z-STD scores, all items fulfill, -2.0 < Z-STD < +2.0. 
Despite the fact that numerous items do not match the Pt Measure Correlation requirements. Because 
all of the items on the MNSQ and Z-STD scores satisfied the criterion while the ones on the Pt Measure 
corr did not, all of these items could be judged fit, which means that they were kept. Furthermore, the 
raw variance value of 23.4% indicates that the construct validity standards have been met, and the 
Item Reability value is 0.91, indicating that the quality of the items created in the reliability aspect 
instrument is good. 
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Figure 6. Individual Suitability Level 
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Figure 7. Students Answer Pattern 
 


