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 Abstract. The development of 21st-century learning 
demands all aspects of development with the integration of 
technology and innovation so it becomes a challenge in the 
world of education. In addition to innovative technology, the 
challenge in education is to improve students' critical thinking 
skills (CTS). The purpose of this study is to analyze students' 
CTS through physics learning based on geometric wave 
phenomena. The method used in this study is quantitative 
descriptive. Data collection techniques are obtained from 
observation results, critical thinking test instruments, and 
student response questionnaires. Data analysis techniques 
using EFA (exploratory factor analysis) include the 
eigenvalue factor and alpha Cronbach (MPF and BAPF). Based 
on the results of the CTS questionnaire, 75 students have low 
CTS with EFA results on Eigenvalue obtaining values from two 
factors of 0.507 and 0.907, then the Cronbach alpha value 
on two factors (MPF and BAPF) is 0.825 and 0.443. The 
results show that the level of CTS is included in the low 
category with a score of 13.75%. One of the factors that 
results in low skill scores is the lack of facilities in the form of 
interactive LKPD teaching materials. 
Keywords: Critical thinking, learning methods, teaching, 
materials, LKPD 
 

 
 

Introduction  

The current fact is that education in Indonesia is still not of maximum quality in 

improving these skills. Based on PISA data, Indonesia is in a worrying position with a 

ranking of 62 out of 72 OECD countries based on science and mathematics capabilities 

from 2018 to 2023 (Ismawati et al., 2023). In addition to science and mathematics 

capabilities, in terms of education in general according to Unesco, Indonesia needs to 

improve education due to existing challenges (Safitri et al., 2022). The national situation 

shows that improving the quality of education is currently very much needed. This 

improvement is one of the efforts to increase the national accreditation status of the 

country (Wasis et al., 2018). 

Education is inseparable from the process, system, and evaluation of learning, which 

greatly influences the quality of education. Simple learning methods often hinder the 

development of students' critical thinking skills (CTS), especially in understanding complex 

physics concepts (Pereira et al., 2023). The lack of use of interactive learning media, 

including student worksheets at have not been designed adaptively, makes students less 
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motivated to explore and relate physics material to everyday phenomena. As a result, 

students tend to be passive and have difficulty developing analytical and problem-solving 

skills, which are important for training critical thinking (Hwang et al., 2015).  

The use of PBL based LKPD on renewable energy material can improve students'  CTS 

through contextual problem analysis and conclusion activities (Anggraeni, 2022). 

Developed PBL-based LKPD on fluid dynamics material that encourages students to identify 

problems and build scientific arguments critically. Analyzed the need for PBL-based E-LKPD 

on filtration material designed to train students' skills in formulating questions and 

evaluating experimental procedures (Morales, 2021). Developed liveworksheets-assisted 

E-LKPD based on the predict-observe-explain (POE) model on the kinetic theory of gases 

to improve students' ability to think logically and reflectively. Implemented interactive PBL-

based E-LKPD on temperature and heat material which was proven to be effective in 

improving students' ability to compare data and assess scientific arguments (Ningrum, 

2024). Physics LKPD based on the POE model on parabolic motion material was able to 

train students in making predictions and reflecting on observation results critically (Roffey 

& Quinlan, 2021). The discovery learning model assisted by E-LKPD on dynamic electricity 

material was effective in developing students' abilities in evaluating solutions to 

experimental problems (Shofiyah, 2024); developed problem-based LKPD on Newton's law 

material that facilitated students to think critically through accurate case analysis and the 

preparation of scientific solutions (Subariyanto, 2022). From several studies, it can be seen 

that no researcherss have tried to analyze students' CTS on geometric wave material using 

interactive LKPD. From several studies, it can be seen that no researchers have tried to 

analyze students' CTS on geometric wave material using interactive LKPD (Susilawati, 

2023). 

Based on this urgency, this study aims to analyze the CTS of students in geometric 

wave material based on contextual phenomena using interactive LKPD. This is based on 

the fact that one of the components in improving education is the use of appropriate media 

and learning models (Hanif, 2020), so it is necessary to analyze the need for media 

development in physics learning. This study also involves describing the need for 

assessment instruments in physics learning that are in accordance with the learning models 

and media used. In the future, this research can be a basis or study in the development of 

innovative learning.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

 

Methods  

The research uses a quantitative descriptive method. Quantitative research is 

Research that functions to examine samples with statistical data analysis using certain 

numerical samples (Pramudita et al., 2023). The results of this study were obtained based 

on primary data and secondary data as reinforcement in the study (Bauer et al., 2021). 

Primary data was obtained from observation results, critical thinking test instruments, and 

student response questionnaires. Observations can be obtained at each meeting with each 

observer based on responses from educators. Furthermore, secondary data was obtained 

from a literature review that was the theoretical basis of the study. The following is a draft 

research design.  

The conclusion of the study is based on the objectives of the desired study. The study 

was conducted in several high schools in Lamongan Regency, East Java. Samples from the 

study were taken randomly from the total population involved (Sutrimo et al., 2024). This 

study was conducted in learning to analyze the initial ability of students in critical thinking 

on wave material. At the same time, to determine the need for media that is by the 

interests and learning in schools. The following are indicators of critical thinking used in 

the study (Bhakti et al., 2023; Black, 1988; Facione, 2015; Lintangesukmanjaya et al., 

2024). 
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Figure 1. Research Design 

The CTS indicators used refer to the Facionate framework, the tendency to think 

critically can be true by thinking systematically, full of curiosity, and independently to 

improve the quality of cognitive abilities in students' thinking. The results of the test 

instrument with CTS indicators were given to students before studying the wave material 

with certain learning. The data were analyzed using descriptive statistics. Meanwhile, the 

CTS in this study are based on the score of answers to the questions described as presented 

in Table 1. 

Table 1. Level of CTS 

CTS Level Score 

Superior (S) 81 – 100 

Above Average (AA) 61 – 80 

Average (A) 41 – 60 

Below Average (BA) 21 – 40 

Poor (P) 0 – 20 

(Source: Satriawan et al., 2020) 

Research Design and Procedures 

This study uses quantitative analysis techniques to evaluate students' CTS through 

the results of the test instrument assessment and response questionnaires. The data 

analysis process is carried out in two main stages, namely the analysis of critical thinking 

indicator scores and exploratory factor analysis (EFA) to measure the validity and reliability 

of the response questionnaire. The total and average scores are calculated for each 

indicator, and based on the analysis, the overall average score is as in Table 2 to indicate 

the level of CTS (Satriawan et al., 2020).  

Data visualization is carried out through a comparison diagram of scores between 

indicators to identify indicators with the highest and lowest values. In addition, the 

response questionnaire was analyzed using EFA with the Kaiser–Meyer–Olkin (KMO) test 

and the Bartlett test to measure data fit. The results of the KMO test were 0.802 and the 

Bartlett test was significant (p <0.001) indicating that the data was suitable for factor 

analysis (Suprapto, 2019). PCA revealed two main factors with eigenvalues > 1, which 

cumulatively explained 50.89% of the total variance. Reliability was measured using 

Cronbach alpha, with an overall value of 0.803 indicating high reliability, although there 

was a factor with moderate reliability (0.443) due to differences in students' perceptions 

of the questionnaire items. This approach allows the study to identify specific weaknesses 

in students' CTS and reveal the need for teaching materials that better support the 

development of these skills. Visualization of the results through value diagrams and loading 



 

 

542 | JIPI (Jurnal IPA dan Pembelajaran IPA), 9(2), pp.539-553, (2025) 
 

factors helps to summarize the findings comprehensively for the preparation of 

recommendations for further learning development. This study employed an experimental 

method with a one-group pretest-posttest design, which lacked a control group (Sugiyono, 

2017). The design was chosen so that one group would receive intensive and planned 

treatment so that the result obtained would be more optimal. The objective was to assess 

the efficacy of the case-based learning (CBL) model when integrated with question-and-

answer methods and class discussions, and in enhancing.  

Results and Discussion 

 

Critical Thinking Indicator Assessment Results 

Based on the assessment with a score interval for each indicator of 0 to 100, the 

results of the analysis of the answers of 78 students in the assessment of the critical 

thinking question instrument were as follows. 

 

Table 2. Results of critical thinking indicator question assessment 

Number Score Rate (%) 

1 930 11.9 

2 1760 22.5 

3 1200 15.3 

4 420 5.3 

Rate 13.75 

 

As explained previously, the critical thinking test instrument is used to determine 

students' skills in answering questions on the integrated wave material of critical thinking 

indicators. From the average overall score of the critical thinking indicator, students have 

a score of 13.75% in the low category with an interval of 0 to 20. Based on the average 

score category for each question, the following are the results of the scores obtained by 

students in working on the questions (Yulia & Rusdianto, 2018). 

 

 
 

Figure 2. Student result 

 

There were no students who were able to get high category scores, this difficulty is 

related to the skills in answering each question given (Al-Fikry et al., 2018). If analyzed 

per indicator in the CTS used, the comparison diagram of scores for each critical thinking 

indicator is as follows.  
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Figure 3. Comparison of students' CTS indicator score 

 

Based on Figure 3, inference is the indicator with the lowest value. This means that 

students have difficulty concluding and weighing information from relevant data 

(Nainggolan et al., 2023). In addition, it was also found that analysis is an indicator of CTS 

with the highest value. Students can analyze simply based on the phenomena or problems 

given (Rini et al., 2021). However, the value of the overall indicator is relatively low so all 

of these indicators have a level of difficulty for students. 

 

Student Response Questionnaire Results 

In addition to the results of CTS data, there are data from questionnaires distributed 

to students after they have completed critical thinking test questions. Based on the 

research that has been conducted, the results of the questionnaire were obtained using 

EFA  analysis. Table 3 shows the Kaiser–Meyer–Olkin (KMO) value of 0.802 and the Bartlett 

test results are significant (χ2 = 534.997, df = 45, p <0.001) indicating that the data is 

suitable for factor analysis (Suprapto, 2019). The eigenvalues of the two proposed factors 

from the PCA are all greater than one (Figure 4 and Table 3). 

 

Table 3. KMO results 

Result Score 

Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy. 0.802 

Bartlett's Test of Sphericity 

Approx. chi-square 534.997 

df 45 

Sig. 0.000 

 

Based on Table 3, the results of the analysis show that the KMO value of 0.802 

indicates that the sample is sufficient for factor analysis because this value is above the 

recommended threshold of 0.6 (Kaiser, 1974). The Bartlett test produces a chi-square 

value of 534.997 with a degree of freedom (df) of 45 and a significance value of p <0.001, 

which indicates that the correlation between items is significantly strong enough to be 

further analyzed using factor analysis (Suprapto, 2019). 
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Figure 4. Eigenvalue diagram the implementation of the case-based learning 

  

Scree Plot Figure 4 shows the presence of two main factors that have eigenvalues 

greater than 1, according to the Kaiser criterion (Figure 4). The first factor has an 

eigenvalue of 3.810 and explains 38.099% of the total variance, while the second factor 

has an eigenvalue of 1.279 which contributes 12.79% of the total variance (Table 3). 

Cumulatively, these two factors explain 50.89% of the total data variability, which means 

that more than half of the variability in students' responses to LKPD can be explained by 

these two factors. 

 

Table 4. Eigenvalue Factors 

Component 

(Factors) 

Initial Eigenvalue 

Total Variance (%) Cumulative (%) 

1 3.810 38.099 38.099 

2 1.279 12.790 50.889 

 

Based on Table 4, the results of the factor analysis show that two main factors 

influence students' responses to the student worksheet. The first factor has an eigenvalue 

of 3.810 and contributes 38.099% to the total variance, making it the most dominant factor 

in explaining the diversity of student responses. The second factor has an eigenvalue of 

1.279 with a contribution of 12.79% to the total variance. Cumulatively, these two factors 

can explain 50.89% of the total data variability. In the factor analysis, item loadings ranged 

from 0.507 to 0.907, while items with factor loadings below 0.400 were excluded due to 

their low contribution to forming the factor (Suprapto & Ku, 2016; Suprapto, 2019). The 

reliability test showed that the first factor had a Cronbach alpha value of 0.825, indicating 

high reliability and strong internal consistency. Meanwhile, the second factor has a 

Cronbach alpha value of 0.443, which is relatively low, so it needs to be evaluated further 

to improve reliability or consider the possibility of other influencing factors. Overall, this 

analysis shows that the two main factors are strong enough to represent more than half of 

the variability of student responses to LKPD, although strengthening of the second factor 

is needed to improve the overall quality of the instrument. Overall, the Cronbach alpha 

value is 0.803 as in Table 6. 

Based on the analysis conducted, two main factors have been identified as a fairly 

strong representation of the variability of student responses to LKPD. The first factor, 

namely the MPF has a Cronbach alpha value of 0.825, indicating a high level of reliability. 

This factor can explain 34.50% of the total variance, with items that have quite strong 

loading factors, such as items C (0.787), B (0.735), and E (0.717). On the other hand, the 

second factor, namely BAPF has a lower Cronbach alpha value, namely 0.443, which is 
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below the threshold of 0.60 for acceptable reliability (Sugiyono, 2022). This factor explains 

16.38% of the total variance, with items such as I (0.718), J (0.691), and A (0.545). 

 

Table 6. Loading factor 

 
(MPF) 

α = 0.825 

(BAPF) 

α = 0.443 

B 0.735 

34.50% of 

variance explained 

  

C 0.787   

D 0.584   

E 0.717   

F 0.701   

G 0.762   

H 0.463   

A   0.545 
16.38% of variance 

explained 
I   0.718 

J   0.691 

Total variance explained = 50.89% and overall Cronbach alpha = 0.803 

Description: 

MPF= Physics learning method 

BAPF= Physics learning teaching materials 

 

This lower reliability value indicates an inconsistency in student responses, which is most 

likely caused by differences in needs or perceptions of existing physics teaching materials. 

Questionnaire analysis can be represented in each factor as in Figure 5. 

 

 
Figure 5. Diagram of each factor 

 

The results obtained show that MPF gets a lower graph than BAPF. Diagram 5 shows 

the total variance explained by these two factors is 50.89%, with an overall Cronbach Alpha 

value of 0.803, indicating that the instrument is generally quite reliable. However, the 

results of the diagram (Figure 5) show that the average score of MPF is lower than BAPF, 

indicating that students need more reinforcement in the aspect of physics teaching 

materials than learning methods. 
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Analysis of Question Item Difficulty 

Based on the results of the scores in the question instruments given to students to 

determine their CTS, an analysis of the difficulty of the question items can be carried out 

as an evaluation of the reasons and obstacles in critical thinking (Harjilah et al., 2019). 

The following is an analysis of the difficulty of the question items with 4 indicators of critical 

thinking.  

a. Evaluation 

Students' answers show that they tend to solve problems without following 

systematic steps. For example, even though they use the appropriate formula, many 

are unable to evaluate the refraction angle step by step, which results in less 

accurate final results. Evaluation is an important indicator of critical thinking, as it 

helps students connect the relevance of data to the analysis of the situation 

(Satriawan et al., 2020). 

 

 
 

Figure 6. Example of evaluation answer 

 

For example, if students only calculate the refracted angle once without 

verifying the results in each medium, they may misinterpret the path of light. 

Instead, after finding the refracted angle in the first medium, students need to check 

whether the angle is consistent with Snell's law when the light enters the next 

medium. In this way, students not only memorize the formula but also understand 

the physical processes that occur gradually. To overcome this difficulty, teachers 

can provide scaffolding in the form of step-by-step guidance in the form of reflective 

questions: "Does the refracted angle result found to match the conditions of the 

next medium?" or "What if the refracted angle is greater than the critical angle?". 

This will train students to evaluate their answers before moving on to the next stage, 

improving their conceptual understanding and CTS (Wale & Bishaw, 2020). 

 

b. Analysis 

The analysis indicator is the indicator with the highest value in this question. 

Students are given instructions to explain and analyze how the color spectrum can 

occur in certain phenomena. Most of the students' answers are as follows. 
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Figure 7. Example of analysis answer 

 

Based on Figure 7, students' answers show a good basic understanding of the 

phenomenon of light dispersion. They can explain that water in a glass cup acts as 

a prism that breaks white light into a spectrum of colors due to refraction. This 

shows that students understand the process of color separation that occurs when 

light passes through a medium with a different refractive index. The main obstacle 

lies in the lack of explanation regarding the physical aspects of light waves. Students 

have not associated different wavelengths with changes in speed and refraction 

angles that cause light to separate into spectrum colors. This understanding is 

important to provide a more in-depth and systematic analysis (Agustin et al., 2020). 

Regarding improving the quality of analysis, students can be directed to consider 

how shorter wavelengths (such as violet) are deflected more sharply than longer 

ones (such as red). In this way, they will better understand that the observed 

phenomenon is not only the result of simple refraction, but because of the complex 

interaction between wavelength, speed of light, and refractive index of the medium. 

This approach will help students develop sharper and more structured analysis skills. 

 

c. Interpretation 

Interpretation also means interpretation, classifying data or opinions in 

different statements accompanied by certain solutions (Wale & Bishaw, 2020). 

Students are given light wave data to be solved with equations that they determine 

themselves. 

 

 
 

Figure 8. Example of interpretation answer 
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Based on Figure 8, students' answers show that they can collect and record 

numerical data related to the wavelength and frequency of light, but have difficulty 

interpreting the data into a deeper understanding. For example, they tend to just 

write down data without linking it to relevant physics concepts, such as the 

relationship between wavelength, frequency, and the speed of light. Interpretation 

in this context should involve students' ability to classify data and draw meaningful 

conclusions. For example, after recording the wavelength for various light 

spectrums, students should be able to explain the patterns that emerge. Such as 

that light with a shorter wavelength has a higher frequency, and how this affects 

the energy of the photon. To overcome this difficulty, teachers can provide guidance 

in the form of trigger questions such as: "What can be concluded from the change 

in wavelength to frequency?" or "How does this relationship explain the color of light 

we see?". In this way, students are trained not only to collect data but also to 

connect it to physics principles, so that they can make richer and more accurate 

interpretations. Most of the students' answers, had difficulty in finding patterns of 

interpretation from data into physics formulas. Most students simply rewrite the 

data they read (Marissa et al., 2024). 

 

d. Inference 

The inference indicator is the indicator with the lowest value among other 

indicators. The main difficulty in inference so far is concluding information and 

utilizing it in several decisions (Lintangesukmanjaya et al., 2024). Students are 

unable to conclude information in graphs containing information on wavelength and 

speed of light. Here are examples of student answers as follows. 

 

 
 

Figure 9. Example of inference answer 

 

Based on Figure 9, students' answers show that inference is the biggest 

challenge in solving the problem. Many students have difficulty in concluding 

information from graphs that present data on wavelength and speed of light. They 

tend to stop at the stage of reading the data without going further to connect the 

variables and draw logical conclusions. Inference requires the skills to relate existing 

data to relevant physics concepts, and then make decisions based on the analysis. 

For example, students should be able to observe patterns in the relationship 

between larger wavelengths and the constant speed of light, and then conclude how 

wavelength affects the energy or color of visible light. To help students develop this 

skill, teachers can provide guidance in the form of gradual questions: "What pattern 

is seen from the change in wavelength?" or "What conclusion can be drawn if the 

wavelength increases, but the speed of light remains the same?" With this approach, 

students are trained not only to read data but also to connect it to broader physics 

concepts, so that they can construct appropriate and meaningful inferences (Adilla 

& Jatmiko, 2021). Students' CTS are still relatively low and require improvement. 

The cause of students' low CTS is the lack of facilities for learning. This was proven 

by a student questionnaire using EFA analysis. 
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LKPD Findings and Phenomenon-Based Assessment Instruments 

Student response questionnaire analysis can be a source of data in determining 

student needs in future physics learning (Sari et al., 2021). According to the research 

results, students need learning that prioritizes surrounding phenomena. One of the learning 

methods that are suitable for phenomena is the PBL model (Yanti&Wijaya, 2023; Maskur 

et al., 2020). This learning prioritizes student activity in identifying problems from 

contextual phenomena. In addition to the need for a phenomenon-based learning model, 

students also need interactive teaching materials that are by the model. The learning 

methods used are also still lacking, so it becomes a student need as a complement to the 

need for teaching materials. Students still need interactive media teaching materials for 

physics learning. One of the interactive media or teaching materials that can be used in 

the PBL learning model is LKPD (Vivilia & Prahani, 2024).  

LKPD is equipped with this phenomenon-based assessment instrument which is very 

suitable for use in the PBL model. This is because the active involvement of students 

through LKPD while getting a suitable assessment instrument will give an interesting 

impression, especially in solving phenomenal problems in everyday life. This can be a 

novelty in further research ideas to develop LKPD and assessment instruments based on 

phenomena in wave material. This study measures students' CTS in wave material through 

critical indicator-based question instruments, namely evaluation, analysis, interpretation, 

and inference. The results of the study showed that the average critical thinking score of 

students was still low, with an average score of 13.75% with a low category on an interval 

scale of 0% to 20% (Satriawan et al., 2020). The analysis indicator is the highest, 

indicating that students find it easier to understand phenomena rationally, although they 

still have difficulty linking them to deeper physics concepts, as found by Rini et al. (2021). 

Conversely, the inference indicator is the lowest, indicating that students have difficulty 

drawing conclusions and utilizing information for decision-making, in line with the research 

(Lintangesukmanjaya et al., 2024).  

Questionnaire analysis using EFA identified two main factors that influence low CTS, 

namely less varied learning methods and limited interactive teaching materials. This finding 

is consistent with the research of Saphira et al. (2022), which found that the integration of 

interactive student worksheets can improve critical thinking scores, especially in the 

evaluation and inference indicators. Research by Nainggolan et al. (2023) also supports 

these results, stating that inference is often the weakest indicator because students have 

difficulty linking data to relevant conclusions. In addition, research by Suprapto & Ku 

(2016) and Suprapto (2019) shows that conventional learning methods and the lack of 

innovative teaching materials slow down the development of students' CTS. Furthermore, 

Adilla & Jatmiko (2021) revealed that the application of phenomenon-based LKPD can 

improve students' analytical and evaluation skills, although it still takes longer to train 

inference skills. Overall, these results strengthen the conclusion that it is necessary to 

adjust learning strategies that are more student-centered and enrich contextual and 

interactive teaching materials.  

This intervention is expected to overcome students' difficulties in developing 

analytical, reflective thinking patterns, and better decision-making skills in physics 

learning. If this strategy is implemented continuously, a significant increase in students' 

CTS can be achieved. This research can be initial research towards the development of 

LKPD and assessment instruments based on phenomena on wave material to improve 

students' CTS in wave material. Theoretical studies and empirical data are advantages in 

research innovation (Samadun & Dwikoranto, 2022). In the future, this research step will 

be an implementation in realizing the goal of quality education through innovation in 

physics learning planning. 
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Conclusion 

 

CTS research has been conducted through student responses to test instruments 

with CTS indicators and measured using EFA on eigenvalue obtained values from two 

factors including MPF of 0.507 and BAPF of 0.907. The Cronbach alpha values on the two 

factors (MPF and BAPF) are 0.825 and 0.443. The results show that the level of CTS of 

students is included in the low category with a score of 13.75% from an interval scale of 0 

to 20%. One of the factors that resulted in low skill scores was the lack of facilities in the 

form of interactive LKPD teaching materials. 
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