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Abstract 
This research aims to develop an instrument that measures students' critical thinking skills 

in physics learning to test its validity and reliability using the Rasch Model. The instrument 

is called the Critical Thinking Test on The Light Waves Concept (CT-LiWa). The novelty of 

this research is to create a new instrument that is applied to the concept of light waves. The 

target of this instrument is high school students in one of the provinces in West Java. This 

research method uses the ADDIE model involving 72 high school students from West Java, 

Indonesia. The instrument used is a validation sheet and the CT-LiWa consists of 15 items 

in the form of descriptions. The trial results data were analyzed using the Rasch Model 

assisted by the Winstep program to obtain the quality of the instrument, namely reliability, 

validity, and level of difficulty. The results of the analysis show that the CT-LiWa test is not 

reliable but has a good validity of 27.6% in the fulfilled category with varying levels of 

difficulty. Therefore, the development of the CT-LiWa test can be implemented as an 

instruent to measure students' critical thinking skills on the concept of light waves. 

Aditya, R., Suhendi, E., Aviyanti, L., Nawas, A., & Rusnayati, H. (2025). Analysis of critical thinking test instruments on the Light Waves concept 

(CT-LiWa): Rasch model. Momentum: Physics Education Journal, 9(2), 337-349. https://doi.org/10.21067/mpej.v9i2.11662 

1. Introduction 
Critical thinking is one of the skills that everyone in the 21st century should master (Saputra et 

al., 2019; Teo, 2019; Aulia, 2022). Teaching critical thinking is an important goal of modern 
education, as it equips students with the competency necessary to reason about social affairs in a 
rapidly changing world (Ku, 2009). Critical thinking involves the ability to draw valid inferences, 
identify relationships, analyze probabilities, make predictions and logical decisions, and solve 
complex problems (Ennis, 1993; Halpern, 2014; Tiruneh et al., 2017). To develop these 
competencies, students must do more than just memorise information from textbooks but also need 
to learn to build skills in assessing information, developing alternative evidence, and arguing with 
strong reasons. These skills in critical thinking are not only important for students to excel in school 
but are also needed in social and interpersonal contexts where the right decisions must be made 
carefully and independently. (Ku, 2009). Instilling critical thinking skills in subject learning will 
facilitate the acquisition of critical thinking skills that can be applied to thinking tasks and transfer 
these skills to other problems in everyday life, especially in physics subjects (Lawson, 2004; Tiruneh 
et al., 2017). 

Critical thinking skills can be improved by practicing critical thinking indicators in the learning 
process. Combining models, media, and well-planned, implemented, and evaluated learning 
approaches will produce good learning strategies. A good learning strategy will create active 
learning. If the active learning process is combined with training indicators of critical thinking skills, 
continuous learning will be able to improve students' critical thinking skills. The relationship 
between models, media, and interactive learning approaches is illustrated in Figure 1 (Aditya et al., 
2023). 

https://creativecommons.org/licenses/by-sa/4.0/
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Figure 1. Framework of relationships between factors that improve critical thinking skills 

Critical thinking skills must be continuously applied in the physics learning process, with the 
purpose of producing competent and skilled learners who can solve problems in everyday life 
(Kealey et al., 2005; Wartono et al., 2018). Based on research in one of the high schools in Sumatra 
province, shows that as many as 76.57% of students are in the low critical thinking category (Ariani, 
2020). Students must have critical thinking skills in learning physics to understand complex and 
abstract physics concepts. With good critical thinking skills, students can understand and analyze 
complicated physics theories, thus developing a deeper understanding (Bhakti et al., 2023). Physics 
is ideally positioned to strengthen critical thinking skills, which can also be applied to other domains. 
Studying real-world physical phenomena through scientific practice trains disciplined thinking that 
relies on collecting empirical evidence, quantitative analysis, logical argumentation, and critical 
evaluation of claims (Recker, 2021; Jamil et al., 2024). 

Nevertheless, most efforts to address the development of critical thinking are still within the 
context of general critical thinking skills or taught separately from the subject matter (Ennis, 1989). 
So efforts are needed to develop critical thinking skills by embedding them in design or learning 
materials. As the emphasis on developing critical thinking skills applied to subject matter increases, 
the need for assessment becomes increasingly important (Facione, 1990; Pascarella & Terenzini, 
2005; Halpern, 2010; Lin, 2014; Tiruneh et al., 2017). Therefore, developing critical thinking skills 
assessments is necessary to measure students' critical thinking skills, especially in physics lessons.  

An instrument is needed to assess critical thinking skills accurately based on indicators 
(Halimatun et al., 2020; Sumarni et al., 2018). The physics critical thinking skills assessment 
instrument is a tool used to measure students' critical thinking skills applied to physics subjects. This 
assessment is designed to evaluate students' skills in analyzing, evaluating, and synthesizing physics 
information, as well as students' abilities in identifying assumptions, connecting concepts, making 
decisions based on evidence, and solving problems critically (Bhakti et al., 2023). Assessment of 
critical thinking skills in physics usually consists of a series of questions or tasks specifically designed 
to test students' critical thinking skills (Gunawan et al., 2019; Putranta & Wilujeng, 2019). The 
questions in this instrument can be contextual questions that ask students to identify relevant 
physics concepts, explain physical phenomena clearly and logically, or apply physics concepts in 
everyday life situations. In addition, this instrument can also include contextual questions that link 
physics concepts to real-life contexts. This contextual question aims to test students' ability to apply 
physics knowledge in concrete situations, such as physics problems in everyday life, experiments, or 
the application of technology (Szabo et al., 2020; Zakaria et al., 2019). 
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There are various forms of assessment that can be used as options to measure students' critical 
thinking skills, namely multiple-choice measures of critical thinking (The WGCTA and the CCTST) 
(Watson & Glaser, 1980; Ennis et al., 1985; Facione, 1990a), Open-ended measures of critical thinking 
(Norris & Ennis, 1989; Taube, 1997; Halpern, 2003; Tiruneh et al., 2017), and New trend: critical 
thinking measure of multi-response format (Halpern, 2007). This study addresses the gap in the 
existing literature by adapting light wave material into a critical thinking test instrument that 
previously used the topic of electricity and magnetism. This study offers a new perspective by using 
the Rasch model in analyzing the validity of the instrument. Thus, this study is expected to provide a 
more comprehensive contribution in understanding the level of students' critical thinking skills in 
light wave material. 

Measuring critical thinking skills in physics learning must be done using appropriate 
measurement instruments, considering the importance of measuring critical thinking skills in 
physics. Therefore, research is needed to assess critical thinking skills in the physics domain. This 
research uses an open form of assessment that aims to obtain students' critical thinking skills in a 
structured and comprehensive manner. This form of test is very structured and is able to test 
students' ability to identify inherent reasoning weaknesses in an argumentative passage, as well as 
students' ability to defend their own arguments (Ennis, 2003). The aim of this research is to develop 
and validate a test that measures the acquisition of critical thinking skills in physics. However, 
physics is a broad domain that deals with various subdomains at advanced educational levels, such 
as electricity and magnetism, waves, etc. Therefore, it is impractical to target content from all 
subdomains (physics) to test critical thinking skills as this could result in many items, which is 
difficult to do in a reasonable amount of time. Thus, researchers only focus on the content of one 
subdomain in introductory physics, namely light waves. Researchers deliberately chose light waves 
because this is one of the basic physics concepts regarding waves and the phenomena are often found 
in everyday life. 

In summary, the conceptual framework of this research is illustrated in Figure 2. Therefore, this 
research aims to develop an instrument to measure students' critical thinking skills on light wave 
subjects, CT-LiWa, and test its validity and reliability. From the research objectives, the research 
questions are: (1) how is the development of CT-LiWa?; (2) what is the validity and reliability of 
IMPAS?; and (4) what are the recommendations for further research? 

 
Figure 2. CT-LiWa Research Conceptual Framework 

2. Method 

2.1. Research Design 
CT-LiWa is a developing assessment from the Critical Thinking (CT) Test to measure students' 

critical thinking skills in physics in Indonesia. CT-LiWa was developed using the ADDIE (Analyzing, 



Momentum: Physics Education Journal, 9(2), 2025 

340 
 

 

Designing, Developing, Implementing, Evaluating) model. The applied research design is shown in 
Figure 3. 

 
Figure 3. The CT-LiWa assessment Research and Development Design 

2.2. Research Participant 
This study involved three physics lecturers and two physics teachers to validate the instruments 

to be developed. This instrument was tested on 72 students aged 15-18 in one of the public high 
schools in Malang City using a simple random sampling, it is purposive sampling method. This 
amount is sufficient to achieve the research objectives. This is because to embed psychometrics in 
question construction, a minimum of 50 participants are involved (Sapnas & Zeller, 2002). In 
addition, with Rasch Model analysis, at a 95% confidence level, around 64-144 participants are 
needed (Linacre, 1994). 

2.3. Research Instrument 
The instruments used are validation sheets and CT-LiWa in essay form which have been 

designed and developed previously, as in Table 1. The validation sheet instruments are used at the 
development stage to determine the feasibility of the CT-LiWa instrument that has been designed. 
The validation instrument consists of 12 items for assessment aspects regarding content, 
construction and language validation. Based on the validation sheet, the designed CT-LiWa has been 
validated and declared suitable for testing. 

2.4. Research Data Collecting and Analysis 
The CT-LiWa validation questionnaire was addressed to three physics lecturers and two physics 

teachers as experts. After the assessment was developed, the validity of the CT-LiWa design was 
tested by experts to determine the feasibility of each statement item. The experts' answer data was 
converted into quantitative data based on Lawshe (1975). Validity is determined by calculating the 
Content Validity Ratios (CVR) values from expert assessments. The CVR value is calculated based on 
the Lawshe (1975) equation as in Equation 1. 

𝑪𝑽𝑹 =
𝒏𝒆−𝑵/𝟐

𝑵/𝟐
          (1) 

 

Equation description: 

N = The number of experts judging 

ne = The number of items that esential based on expert judgment 

The trial results data were analyzed using the Rasch Model assisted by the Winstep program. 
From this analysis, the quality of the instrument is obtained, namely reliability, validity and level of 
difficulty. The reliability of the instrument with the Rasch Model can be shown by the summary 
statistics output. The results of the analysis show three types of reliability values, namely person 
reliability, item reliability and Cronbach's Alpha. To find out the interaction between person and item 
as a whole, it can be seen from Cronbach's Alpha (Adams et al., 2018; Fisher, 2007; Samsudin et al., 
2021). The validity of the instrument can be shown by the output items, namely fit order and 
unidimensional. For output items, the values seen are the logit of the MnSq outfit, ZStd output, and 
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PT Measure Correlation (Arsad et al., 2013; Park & Liu, 2021; Samsudin et al., 2020). For 
unidimensional, the validity value is shown by raw variance explained by measures and unexplained 
variance. The level of difficulty of the instrument with the Rasch Model is shown by the item measure 
output. With these measure items, instrument items can be grouped based on level of difficulty. 
Interpretation of the results is presented (Sumintono & Widhiarso, 2014): instrument validity (Table 
1), reliable person and item (Table 2), logit person, and logit item (Table 3). 

Table 1. Interpretation of Instrument Validity 
Interpretation Raw variance explained by measures 
Fulfilled >20% 
In accordance >40% 
Special >60% 

 

Table 2. Interpretation for Item Reliability and Person Reliability 
Interpretation Raw variance explained by measures 
value ≥ 0.95 Excellent 
0.95 > value ≥ 0.91 Very Good 
0.91 > value ≥ 0.81 Good 
0.81 > value ≥ 0.68 Moderate 
0.68 > value Weak 

 

Table 3. Interpretation Logit Value 
Item Logit Value (A) Criteria Person Logit Value (B) Criteria 
A ≥ +1.37 Very difficult B ≥ 1.80 Height 
0.0 ≥ A ≤ +1.37 Difficult B ≤ 1.80 Currently  
0.0 ≤ A ≥ -1.37 Currently B ≤ -1.29 Low 
A ≤ -1.37 Easy   

 

3. Results and Discussion 

3.1. Analyzing 
At this stage the researcher obtained a number of references related to the CT-Test, how to 

measure it, the CT-Test in physics education, and the Rasch Model as a theory for analyzing 
instruments. This reference is used as a basis for carrying out the next stages. From this stage it can 
be concluded that critical thinking is an important skill that individuals must have and can be trained 
in learning, including by using special assessments to measure critical thinking skills but is rarely 
done in schools due to the lack of special instruments. This stage is carried out by analyzing indicators 
related to students' critical thinking skills in physics based on experts. Based on research and expert 
statements, there are five indicators of critical thinking skills that are measured. Each indicator is 
taken from three specific domains and included in the CT-LiWa assessment developed by Dufresne. 
The CT-LiWa assessment has a structure as shown in Table 4. 

 Table 4. Assessment CT-LiWa Structure in measuring Critical Thinking Skills 
Critical Thinking 
Skills Indicator 

Specific Domains of Critical Thinking Sub-Topic Light Wave Score 

Reasoning 
detect ambiguity and misuse of definitions double slit interference 2 
recognize errors of measurement single slit diffraction 2  
interpret the results of an experiment polarization of light 2 

Hypothesis testing 

draw valid inferences from a given tabular or graphical 
information 

polarization of light 2 

interpret a relationship between variables double slit interference 3 
recognize the need for more information in drawing 
conclusions 

single slit diffraction 3 

Argument analysis 
judge the credibility of an information source double slit interference 5 
identify relevant information missing in an argument polarization of light 6 
identify key parts of an argument single slit diffraction 3 

Likelihood and 
uncertainty analysis 

compute expected values in situations with known 
probabilities 

polarization of light 5 

use probability judgments to make decisions double slit interference 2 
predict the probability of event single slit diffraction 3 
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Critical Thinking 
Skills Indicator 

Specific Domains of Critical Thinking Sub-Topic Light Wave Score 

Problem-solving and 
decision-making 

recognize the features of a problem and adjust 
solution plan accordingly 

single slit diffraction 5 

examine the relevance of procedures in solving 
scientific problems 

double slit interference 5 

evaluate solutions to a problem & make sound 
decisions on the basis of evidence 

polarization of light 7 

 

3.2. Disigning 
The CT-LiWa assessment was designed by modifying the CTEM created by Tiruneh, (2017). The 

language transfer from English to Indonesian is carried out by referring to the EYD in a standard and 
effective manner to make it easier for students to understand the questions on the instrument. 
Critical thinking skills assessment is designed based on information from the previous stage. This 
instrument is known as a critical thinking test instrument on the light waves concept (CT-LiWa) with 
an open-ended form. The designed instrument consists of 5 indicators, each of which consists of 3 
specific domains of critical thinking skills and is tested on 3 sub-concepts of light waves, namely 
double-slit interference, single-slit diffraction, and light polarization. The following is an example of 
an item from CT-LiWa that was developed, Table 5. 

Table 5. An example of a question 
No Critical 

thinking 
skills 
indicators 

Specific 
domains of 
critical 
thinking 

Question Indicator Items 

1 Reasoning detect 
ambiguity 
and misuse 
of 
definitions 

Given a picture of a 
double-slit interference 
experiment accompanied 
by a 
hypothesis/suspected 
experimental result. 
Students can provide 
opinions about the causes 
of ambiguity or errors in 
student thinking in the 
question. 

A student conducted Young's double-slit interference 
experiment using monochromatic light. The student 
learned that interference occurs when two or more 
coherent waves meet while traveling through the 
same medium or path. The student obtained 
experimental results that were beyond his 
expectations. 

 
Students predict that light will interfere to produce a 
dark and light pattern like the picture (b). In fact, the 
results of the experiment show a dark and light 
pattern like the picture (c). Based on this, answer the 
following questions: 
Can you find any ambiguity in the student's thinking? 
What causes ambiguity or error in the student's 
thinking? 
 
Answer: 
The student probably still assumes that light is a 
particle, so that light seems to act through the two slits 
without interfering and forming a pattern like image b. 
In fact, this experiment shows that light is a wave. 
Then because it passes through the slit, diffraction 
occurs so that the waves that leave the two small slits 
spread out and the combination of waves 
(interference) creates a dark and light pattern like 
image c 

2 Hypothesis 
testing 

Recognize 
the need for 
more 
information 
in drawing 
conclusion 

Given a comparison of 
images of car headlights 
with a light interference 
scheme. Students can 
provide a hypothesis 
about why two car 
headlights do not produce 
an interference pattern. 

Students gain knowledge that waves can experience 
interference. If the waves come from two slits and 
travel the same distance so that they are in phase, then 
the waves experience constructive interference. But if 
the waves travel different distances so that they are 
not in phase, then the waves experience destructive 
interference. In relation to this definition, students pay 
attention to the headlights of a car. 
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No Critical 
thinking 
skills 
indicators 

Specific 
domains of 
critical 
thinking 

Question Indicator Items 

 
The student wondered, why does the light from two 
car headlights (image a) which are far apart not 
produce an interference pattern like in image b? 
 
Answer: 
The reason why there is no interference pattern from 
two car headlights that are far apart is because: 
1. The two car headlights do not come from a coherent 
light source (the same wavelength and frequency, and 
have the same phase relationship with each other all 
the time.) 
2. The light source must be monochromatic (single 
wavelength) 

 

3.3. Developing 
The content validity test was carried out on the CT-LiWa assessment draft produced in the 

previous stage. The content validity test was carried out by experts by answering questions on the 
CT-LiWa validation questionnaire. Then the answers from the experts are processed by calculating 
the CVR. The CVR calculation results show that all CT-LiWa question items are suitable for use. This 
is because the CVR results of these questions are within the accepted range with a significance level 
of 0.05 (Lawshe, 1975). However, the number of question items used was 15 items and underwent 
several revisions based on expert advice. The results of the revised instrument are arranged in a 
format as in Figure 4. 

3.4. Implementing 
After being developed, the CT-LiWa assessment design was tested on high school students in 

Bekasi Regency, West Java, Indonesia. The data on filling out the CT-LiWa instrument for each student 
is then assessed and processed at the Evaluation stage. 

3.5. Evaluating 
The evaluation stage is carried out by analyzing the items in the CT-LiWa assessment questions 

and the assessments carried out. After validating the construct, the analysis results are as follows: 

3.5.1. Instrument Validity with Unidimensionality 
One assessment instrument that can be used to analyze the level of validity of the question 

instruments created is unidimensionality (Clark & Watson, 2019; Raof et al., 2021). This analysis 
states whether the instrument the researcher developed can measure what it should measure, in this 
case students' critical thinking skills. Unidimensionality results are presented in Figure 4. 

 
Figure 4. Validity instrumen results 
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Based on Figure 4, it can be seen that the validity measurement results refer to the raw variance 
explained by the measured value of 27.6% with the criterion fulfilled because it is greater than 20% 
(see Table 1). This means that the instrument can be said to be suitable for use in further research if 
viewed from the unidimensionality aspect. According to Hagell, (2014), Rasch Model analysis uses 
Principal Component Analysis of residual values which can measure the diversity of instruments 
developed to measure something that must be measured. Apart from that, there is an unexplained 
variance of 12.2%. According to Sumintono, (2018), the instrument developed and tested should 
ideally have unexplained variance not exceeding 15%. 

3.5.2. Instrument reliability item and person 
In this section, item and person analysis can provide information on the reliability of the 

question items, person reliability, and the relationship between item-person reliability on the 
instrument being developed. The following results are presented in Figure 5. 

 

 
Figure 5. Reliability instrument item-person 

Figure 5 presents reliable information about person-items and the relationship between 
person-items through Cronbach's alpha value. Person reliability gets a score of 0.00 with unreliable 
criteria, while item reliability gets a score of 0.72 with moderate criteria. This states that the 
consistency of students' answers is inconsistent but the quality of the item instruments is in the 
moderate category. The results presented state that the Cronbach Alpha value of 0.66 is in the 
sufficient category. In this way, the instrument developed is included in the sufficient category for 
measuring students' critical thinking skills. 

3.5.3. Logit Item and Person Measure 
This analysis presents the level of students' critical thinking skills and the level of difficulty of 

each item. This can also be the basis for the validity and reliability results discussed previously. 
Therefore, further analysis of item and person logit values is necessary to clarify previous results. 
The following logit value results are presented in Figure 6. 
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Figure 6. Item and personlogit values 

Through the logit values obtained according to Figure 6, students' critical thinking skills and the 
level of difficulty of the questions can be analyzed in depth (see Table 3). In the logit items, the 
question with the highest level of difficulty is S5 with a logit value of 1.77 (very difficult) while the 
easiest question is S11 with a logit value of -3.20 (easy). Then for students who have very high critical 
thinking skills, namely 27 with a digit value of 0.26 (currently) respectively, while the student's 
critical thinking skills very weak, namely 72 with a logit value of -4.78 (low). This can clarify that the 
reliability of the questions created also has an impact on students' critical thinking skills. The 
mapping of students' literacy abilities with questions is presented in Figure 7. 

 
Figure 7. Mapping student profiles and question items 
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Based on Figure 7, it can be seen that the level of critical thinking skills of students and the level 
of difficulty of the questions they can answer. If we look at students, no one students have very high 
abilities and can answer all the questions. In the question items section, S5 is the most difficult 
question and is followed by questions S15 and S8. Students have diverse critical thinking skills so 
they have different answer patterns. From this pattern, it is estimated that there are no students 
cheating.  

3.5.4. Item-Person Fit Order 
This analysis has a role in analyzing the suitability of items and people known as outliers. In this 

analysis three main components can be used as a basis for deciding whether to accept or not, namely, 
(1) MNSQ is accepted if, 0.5 < MNSQ < 1.5, (2) ZSTD is accepted if, -2.0 < ZSTD < +2.0, and (3) Pt mean 
Corr is accepted if, 0.4 < Pt Mean Corr < 0.85 (Sumintono, 2018). The results are presented in Figure 
8. 

 
Figure 8. Item-person fit order 

Figure 8 presents the results of misfit mapping between person and item to measure students' 
literacy abilities. In the item section, the number of item logits from the mean and standard deviation 
is obtained: 0.99 + 0.16 = 1.15. In this section, the researcher uses the ZSTD criteria so that it can be 
obtained that all fit order items are accepted because they are between the values ZSTD. This 
indicates that all question items are acceptable. Then look at students' abilities referring to grades 
ZSTD is also in the accepted category, namely between +2.0 and -2.0. That way, between items and 
people there is no misfit when viewed from the value ZSTD. A deeper review was carried out using 
the MNSQ value, where no one item have outlier value, so all items were in the accepted category. At 
the same time, for one person, there were some students with scores above 1.5, namely 54(2.04), 53 
(1.84), and 13(3.34) which means the three students have different abilities from other students. 

The results of this study provide recommendations for educators in using the CT-LiWa test as a 
test instrument in measuring students' critical thinking skills, especially in the topic of light waves. 
Although this study provides valuable insights, there are several limitations such as not all critical 
thinking indicators formulated by Tiruneh can be adapted to light wave material. Adjustments and 
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considerations are needed in choosing critical thinking indicators to be measured according to needs. 
For further research, it is recommended to be applied in learning and test the effectiveness of CT-
LiWa in different educational environments, such as at various levels of education or in a more 
diverse curriculum, in order to gain a broader understanding of its application and reliability. 

4. Conclusion 
The quality of the CT-LiWa assessment which was developed and analyzed using the Rasch 

Winstep Model assistance program based on trials on 72 high school students in West Java, 
Indonesia, is not reliable but has good validity. This is because students have very diverse critical 
thinking skills. Of the 15 items tested, all items were able to differentiate individual abilities because 
they were in areas that were not outliers or in the -2SD to +2SD range. Therefore, the CT-LiWa 
assessment can be used as a recommended instrument for measuring individual critical thinking 
skills. 
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