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 Abstract. This research is motivated by the fact that 
students have low scientific literacy, self-efficacy, and 
retention in physics learning, especially on the topics of 
Newton’s law of gravity and Kepler’s law. This problem is 
compounded by the use of printed teaching materials that 
have not been able to develop these three things optimally. 
Therefore, this study aims to determine the effectiveness and 
impact of augmented reality (AR)-based teaching materials 
designed with a STEM-integrated cognitive conflict-based 
learning (CCBL) in improving scientific literacy, self-efficacy, 
and student retention. The study employs a quasi-
experimental method with a non-equivalent post-test only 
control group design. The subjects of the study were grade 
XI phase F students at MAN 1 Padang. The instruments used 
were scientific literacy tests, self-efficacy questionnaires, and 
retention tests. Data were analyzed using non-parametric 
statistical tests in SPSS to determine the differences between 
the two classes. The results showed that there were 
significant differences in scientific literacy, self-efficacy, and 
student retention between the experimental and control 
classes. Classes using AR learning materials based on STEM-
integrated CCBL showed better results compared to control 
classes. This indicates that the implementation of these 
learning materials is effective in improving students' abilities 
in cognitive, affective, and psychomotor abilities. It can 
therefore be concluded that AR-based STEM-integrated 
cognitive conflict learning can effectively address the 

challenges of 21st-century physics education, particularly 
with regard to improving student scientific literacy, self-
efficacy, and retention. 
Keywords: augmented reality, cognitive conflict-based 
learning, scientific literacy, self-efficacy, retention 

 

Introduction 

21st-century education demands that students prepare themselves to face global 

challenges. To overcome these challenges, they must be equipped with adequate skills, 

namely literacy skills, critical thinking, effective communication, and high productivity 

(Turiman et al., 2012; Paige et al., 2016; Abdullah, 2024). In the context of physics 

learning, one of the most important competencies to master is scientific literacy. Scientific 

literacy is the ability to identify, understand, and use scientific knowledge to solve everyday 

problems and make responsible decisions (Bybee, 2013; Lestari et al., 2021). Scientific 
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literacy is one of the main indicators in the Programme for International Student 

Assessment (PISA), which assesses students' scientific competencies, knowledge, context, 

and attitudes (OECD, 2019; Dhanil and Mufit, 2023). 

The results of the 2023 PISA show that the international assessment score of 

Indonesian students are still relatively low (OECD, 2023). The average student scientific 

literacy score reached only 383 points, 102 points lower than the OECD average. Compared 

to the previous period, this score decreased by 13 points (Nurhidayah and Suwarna, 2024; 

Alfaruqi and Nurwahidah, 2025). This condition indicates the need for strategic measures 

to enhance the quality of science learning in schools. 

In addition to scientific literacy, another crucial aspect in achieving learning success 

particularly in physics is self-efficacy. Self-efficacy refers to students' belief in their ability 

to organize and execute the actions to achieve specific goals (Bandura, 1997). It influences 

students' motivation, persistence, and learning strategies (Schunk and Dibenedetto, 2021). 

Students with high self-efficacy tend to be more confident in facing academic challenges, 

which improves student learning outcomes  (Nurulwati et al., 2020; Miao et al., 2025). 

However, previous research has shown that many students struggle with physics learning 

due to low self-efficacy, particularly when faced with abstract concepts (Nissen, 2016; Cwik 

and Singh, 2023). Low self-efficacy leads to limited student engagement, weak problem-

solving skills, and low learning retention (Halimatuzzahra et al., 2025). 

Knowledge retention is also a crucial concern in science learning. Retention, defined 

as a student's ability to recall and reuse previously learned material over a period of time, 

is also a key indicator of successful science learning (Maharani and Widodo, 2023). 

Research shows that students' conceptual understanding often declines over time if they 

do not employ meaningful learning processes (Juliangkary and Yuliyanti, 2015). 

Field observations also reinforce the statement that students possess low levels of 

scientific literacy, self-efficacy, and retention. Preliminary findings from research at MAN 1 

Padang indicate that students' scientific literacy on the topics of Newton's laws of gravity 

and Kepler's laws remains low across three competency indicators, with achievement 

percentages below 41%. The average retention rate ranges only from 31–39%, while self-

efficacy is in the moderate category (65–70%), yet students still show doubts in their own 

abilities. One of the causes of this condition is the use of conventional teaching materials 

such as printed textbooks and student worksheets, that have not facilitated active learning, 

concept exploration, or reflection on students' learning beliefs. Conventional and teacher-

centered learning causes students to rarely engage in contextual and interactive learning 

experiences (Findayani et al., 2025). Therefore, an innovation in learning is needed that 

not only improves scientific literacy and student retention, but is also able to increase 

students' confidence that they are able to achieve the expected goals with their abilities. 

One innovation to address these issues is the integration of technology into learning 

(Siringoringo and Alfaridzi, 2024). Technology integration into learning can be implemented 

in teaching materials used in schools. A related approach that holds significant potential 

for addressing these challenges is the use of augmented reality (AR) teaching materials. 

AR has increasingly been adopted in education, with meta-analytic evidence demonstrating 

moderate positive effects on learning outcomes across a wide range of educational contexts 

(Chang et al., 2022). 

AR is a technology that integrates virtual objects into real-world environments in real 

time, creating an immersive and interactive learning experience and enabling the 

visualization of abstract concepts to become more concrete (Azuma, 1997; Buchner et al., 

2022; Dawana et al., 2025). The immersive learning experience created will encourage 

students to be actively involved in learning both cognitively, emotionally, and physically 

(Laurenzano et al., 2019), so that students can develop scientific literacy skills, retention, 

and self-efficacy. Various studies have shown that AR has the potential to increase student 

engagement, facilitate the visualization of abstract concepts, and bridge the gap between 
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theory and practice through simulation, gamification, and three-dimensional exploration 

(Garzón et al., 2020; Chang et al., 2022). The visualization of knowledge within AR can 

increase student learning satisfaction, motivation, and intention to continue studying STEM 

(Liu and Liu, 2025). Cross-disciplinary meta-analytic findings also show that AR 

interventions frequently improve learners’ confidence levels, suggesting a broader 

mechanism through which AR supports the development of self-efficacy (Baashar et al., 

2022). Moreover, umbrella reviews synthesizing VR and AR research in STEM education 

consistently report benefits for both cognitive and affective learning outcomes, reinforcing 

the suitability of AR-based STEM approaches to target scientific literacy and self-efficacy 

(Zhang et al., 2024). 

In physics learning, AR has been shown to overcome students' difficulties in 

understanding difficult to visualize concepts, such as Newton's laws and gravity, through 

realistic visual representations (Rahmadani et al., 2025). The effectiveness of AR can be 

further optimized in physics learning if combined with the cognitive conflict-based learning 

(CCBL). This learning model triggers conceptual change in students by confronting them 

with situations that contradict their prior knowledge (Mufit, 2018). The discrepancy 

between students' predictions and observations sparks curiosity in students, encouraging 

them to reconstruct their prior understanding. AR supports the learning process by 

providing interactive simulations that allow students to experience phenomena firsthand 

and compare observations with their predicted prior knowledge. 

Furthermore, the integration of STEM (science, technology, engineering, and 

mathematics) into learning media provides a comprehensive framework for connecting 

science concepts with technological applications, engineering design, and mathematical 

analysis (Findayani et al., 2025). The STEM approach enhances 21st-century skills, such 

as critical thinking, collaboration, and creativity (Tihasanah et al., 2025). The integration 

of STEM with AR and cognitive conflict creates interactive, contextualized, and challenging 

learning, which not only improves scientific literacy but also builds self-efficacy and 

strengthens student learning retention. 

Previous studies have generally only examined and proven the benefits of AR, 

cognitive conflict, and STEM separately. Research that combines these three elements into 

an innovation in physics learning is still very limited. However, this combination can be 

used as a teaching material that can potentially provide a more interactive, meaningful 

learning experience and have a long-term impact on students' mastery of physics concepts. 

Furthermore, previous studies rarely measure scientific literacy, self-efficacy, and learning 

retention in a teaching material, especially in abstract physics material. Previously, an AR 

teaching material based on cognitive conflict integrated with STEM was developed by Mufit 

et al. (2025) and proven valid and practical (Mufit et al., 2025), but its effectiveness has 

not been tested in the classroom. 

Based on the background and research gaps described above, this study aims to 

analyze the impact of STEM-integrated CCBL-based augmented reality on Newton's law of 

gravity and Kepler's law on scientific literacy, self-efficacy, and student retention. The 

results of the study are expected to contribute to the development of technology-based 

physics learning innovations that are relevant to the demands of 21st-century education 

and are able to answer the challenges of low scientific literacy, self-efficacy, and student 

retention in Indonesia. 

 

Methods 

The research employed a quantitative experimental method with a quasi-

experimental design type. This research method is a form of experiment that is not yet 

serious because there are still external variables that affect the treatment that cannot be 

fully controlled. The research design used is a nonequivalent posttest-only control group 
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design. This study only used two sample classes consisting of each class consisting of 36 

students divided into an experimental class and a control class. The experimental class was 

given treatment with augmented reality based on a STEM integrated cognitive conflict 

model, while the control class was taught using conventional instructional materials 

employed in schools. 

Table 1. Research design 

Class Treatment Posttest Time lapse Retest 

Experiment X O1 
1 month 

O2 

Control - O1 O2 

(Source: Sugiyono, 2013) 

Remark: 

X : Treatment of augmented reality teaching materials based on the STEM integrated 

cognitive conflict based learning 

O1 : Final test (posttest) and post-learning questionnaire for both classes 

O2 : Retest 

Data collection was conducted to assess the effectiveness of the research product. 

The data collection technique used written tests and questionnaires to determine the final 

results of the treatment using STEM-integrated cognitive conflict-based augmented reality 

in learning activities. The data consisted of a pretest, posttest, and retest. 

Table 2. Data collection techniques 

Instrument name Instrument's shape 

Scientific literacy test questions 
Test 

Retention test questions  

Self-efficacy questionnaire Questionnaire 

 

Post-learning scores for both classes were obtained. The data were tested for 

prerequisites and hypothesis testing for mean differences. Before the hypothesis testing, 

normality and homogeneity tests were performed using the lilliefors test. This test was 

conducted to determine whether the data were parametric or non-parametric. The 

normality and hypothesis tests were conducted using SPSS version 25.0.0. The significance 

level used in the normality and hypothesis tests was 0.05.  

Retention tests are conducted to measure students' memory in retaining 

information in the form of lesson material. Specifically, to calculate the percentage or level 

of student retention, the recognition method formula can be used namely by comparing 

the delayed final test (retest) with the immediate final test (posttest) (Hellenyunida et al., 

2022). The retention test can be formulated as follows: 

R (%)= (
Retest 

Posttest
) ×100                                (1) 

Remark: 

R : student learning retention 

Retest : student score of the delayed final test 

Posttest : student score of the immediate final test 
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Results and Discussion 

 

The first research finding concerns student scientific literacy. The data were obtained 

based on the results of a posttest conducted by the students. The test consisted of 10 

multiple-choice questions, designed based on scientific literacy indicators. Before use, the 

test questions were piloted to ensure they were suitable for use in the posttest. Descriptive 

data can be seen in Table 3. 

Table 3. Results of students' scientific literacy posttest data descriptive analysis 

Class N 
Grade 

X̅ S S2 
Highest Lowest 

Experimental 36 100 20 81.38 20.99 440.87 

Control 36 70 10 40.27 16.64 277.06 

Table 3 presents the results of analyzing students' scientific literacy data after 

completing classroom learning. There were differences between the experimental and 

control classes, particularly in each indicator. Data on students’ scientific literacy indicators 

are presented in Table 4. 

Table 4. Analysis of scientific literacy indicator 

Indicator Control Experimental 

Explaining the phenomenon 22.222 75.926 

Evaluating results 50 86.111 

Interpreting data 46.528 81.944 

The effectiveness of STEM-integrated cognitive conflict-based augmented reality on 

scientific literacy can be determined by conducting a hypothesis test based on the post-

test results of students in both classes. Before the hypothesis test, normality and 

homogeneity tests were conducted. Then, the hypothesis test was conducted based on the 

criteria for a mean comparison hypothesis test. 

The normality test was used to see if the two sample classes were normally 

distributed. The results of the final scientific literacy test showed that the data from both 

classes were not normally distributed. 

Table 5. Results of data analysis of the normality test for students' scientific literacy 

posttest 

Class Statistics df Sig. Description 

Experimental 0.242 36 0000 Not normal 

Control 0.148 36 0.044 Not normal 

After conducting a normality test on the results of the science literacy posttest, the 

results were then subjected to a homogeneity test to determine whether the data for the 

sample classes had homogeneous variance. The results of the homogeneity test showed 

that the variances of the two sample classes were the same. 

Table 6. Results of data analysis of the homogeneity test of students' scientific literacy 

posttest 

 
Levene 

statistics 
df1 df2 Sig. Description 

Based on mean 1.211 1 70 .275 
Homogeneous 

Based on median .253 1 70 .617 
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Levene 

statistics 
df1 df2 Sig. Description 

Based on median and 

with adjusted df 
.253 1 56.635 .617 

Based on trimmed mean .920 1 70 .341 

Based on the normality and homogeneity tests, the sample was found to be non-

normally distributed but with homogeneous variance. Therefore, the Mann-Whitney U-test 

will be used to determine the results of the two hypotheses for the data. The calculation 

results can be seen in Table 7. 

Table 7. Results of data analysis of the posttest hypothesis test of students' scientific 

literacy 

 
N Mean rank 

Sum of 

ranks 
Z U Sign. 

Experimental 36 51.56 1856.00 

-6.149 106.00 0.000 Control 36 21.44 772.00 

Total 72   

The data in the hypothesis test table shows that STEM-integrated cognitive conflict-

based augmented reality is effective and has a positive impact on students' scientific 

literacy. This statement is also supported by the difference in the average level of scientific 

literacy of student treated differently with the use of STEM-integrated cognitive conflict-

based augmented reality teaching materials in the experimental class, the results of which 

can be seen in Figure 1. 

 
Figure 1. Students’ scientific literacy diagram 

The next result concerns self-efficacy. Self-efficacy data were obtained based on a 

questionnaire taken after the implementation of learning in both classes. The questionnaire 

contained several statements regarding their self-efficacy in learning. The statements were 

designed to align with the teaching materials used in schools and the teaching materials to 

be examined in this study. Before use, the questionnaire was deemed suitable and valid 

for use. Therefore, the questionnaire is suitable for use to measure student self-efficacy 

levels. The self-efficacy questionnaire uses a scale as shown in Table 8. 

76

86
82

22

50 47

0

10

20

30

40

50

60

70

80

90

100

Explaining the
phenomenon

Evaluating results Interpreting data

A
ve

ra
ge

 S
ci

n
et

if
ic

 L
it

er
ac

y
(%

)

Scientific Literacy Indicator

Experimental Control



Mufit et al.: The Impact of Augmented Reality Based on STEM......|1247 
 

Table 8. Self-efficacy questionnaire assessment scale 

Answer categories Grade 

Don't agree 1 

Disagree 2 

Quite agree 3 

Agree 4 

Strongly agree 5 

Interpretation of the level of self-efficacy is measured based on the average score 

range (mean score range), as shown in Table 9. 

Table 9. Range of mean scores of the self-efficacy questionnaire 

Average score range Interpretation 

3.68 – 5.00 Tall 

2.34 – 3.67 Currently 

1.00 – 2.33 Low 

Descriptive statistical analysis data of students' self-efficacy after implementing the 

learning were compared between experimental class and control class. The results of the 

descriptive statistical data analysis of self-efficacy indicators can be seen in Table 10. 

Table 10. Analysis of self-efficacy indicators  

Self-efficacy indicator 
Experimental class Control class 

Average Category Average Category 

Complete the task according to ability 4.003 High 2.55 Medium 

Confidence to complete the task 4.028 High 2.673 Medium 

Be able to work under pressure 4.021 High 2.544 Medium 

The liliefors statistical test was first conducted to determine the normality and 

homogeneity of the two research data sets after the learning process. Next, the two data 

sets were analyzed using a two-mean comparison test. The results of the normality test of 

the self-efficacy questionnaire data after learning showed that the two classes were not 

completely normally distributed. The results of the self-efficacy normality test after learning 

can be seen in Table 11. 

Table 11. Results of data analysis of the normality test for comparison of students' self-

efficacy 

Class Statistics df Sig. Description 

Experimental 0.226 36 0.000 Not normal 

Control 0.122 36 0.198 Normal 

After conducting a normality test on the students’ self-efficacy questionnaire results, 

the data for the sample classes was then homogeneity tested. The results of the 

homogeneity test for the data from both sample classes showed heterogeneous variances. 

The results can be seen in Table 12. 
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Table 12. Results of data analysis of the homogeneity test for comparison of students' 

self-efficacy in the experimental class 

 
Levene 

statistics 
df1 df2 Sig. Description 

Based on mean 3.997 1 70 .049 

Not 

homogeneous 

Based on median 3.688 1 70 .059 

Based on median and 

with adjusted df 
3.688 1 69.719 .059 

Based on trimmed mean 3.831 1 70 .054 

After conducting normality and homogeneity tests, it was found that the sample was 

not normally distributed and had heterogeneous variance. Therefore, the Mann-Whitney U- 

test was used to determine the results of the two hypotheses for the data. The calculation 

results can be seen in Table 13. 

Table 13. Results of data analysis of hypothesis test comparison of students' self-efficacy 

after learning 

 
N Mean rank 

Sum of 

ranks 
Z U Sig. 

Experimental 36 53.58 1929.00 

-6.938 33.00 0.000 Control 36 19.42 699.00 

Total 72   

The results of the hypothesis test in Table 13 are very significant (p = 0.000). This 

means that STEM-integrated cognitive conflict-based augmented reality is effective and 

has a positive impact on student self-efficacy. This can also be seen through the difference 

in the average level of student self-efficacy, as shown in Figure 2. 

 
Figure 2. Students’ self-efficacy diagram 

After completing the lesson, students were given a break to assess their memory or 

retention. The next step in the research was to administer a recognition test (retest) to 

measure student retention. Retention scores were obtained using the equations used in 

the data processing technique. The retention data was then analyzed before conducting 

prerequisite and hypothesis tests. The results of the descriptive analysis of retention are 

shown in Table 14. 
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Table 14. Results of student retention data descriptive analysis 

Class N 
Mark 

X̅ S S2 
Highest Lowest 

Experimental 36 120 50 84.34 17.15 294.26 

Control 36 200 25 68.41 41.54 1725.57 

The obtained retention data was then subjected to prerequisite and hypothesis 

testing. Hypothesis testing was conducted to determine the hypothesis, namely whether 

Augmented reality is effective for student retention. Prior to hypothesis testing, normality 

and homogeneity tests were conducted. The results of the normality tests on the student 

retention data revealed that the two classes had different sample normality values, 

indicating not normal distribution of the data. 

Table 15. Results of data analysis of student retention normality test 

Class Statistics Df Sig. Description 

Experimental 0.188 36 0.002 Not normal 

Control 0.211 36 0.000 Not normal 

After conducting a normality test on the retention data students, then continued with 

a homogeneity test for the data of the sample classes. The results of the homogeneity test 

for the data of the two sample classes showed the variance is not same. The results of the 

calculation can be seen in Table 16. 

Table 16. Results of data analysis of student retention homogeneity test 

 
Levene 

statistics 
df1 df2 Sig. Description 

Based on mean 5.524 1 70 .005 

Not 

homogeneous 

Based on median 4.030 1 70 .013 

Based on median and 

with adjusted df 
4.030 1 65.848 .014 

Based on trimmed mean 4.170 1 70 .011 

Based on the normality test and homogeneity test on both data, it was found that 

both samples were not normally distributed and were not homogeneous in the retention 

data. Therefore, the Mann-Whitney U Test will be used to determine the results of the 

hypothesis of the two datasets. The calculation results can be seen in Table 17. 

Table 17. Results of data analysis of student retention hypothesis Test 

 N Mean rank 
Sum of 

ranks 
Z U Sig. 

Experimental 36 45.18 1626.50 

-3.534 335.500 0.000 Control 36 27.82 1001.50 

Total 72   

Table 17 shows the results of the hypothesis test, with a significance level of 0.000 

for student retention. Therefore, the STEM-integrated cognitive conflict-based augmented 

reality was effective and had a positive impact on student retention. This statement can 

also be seen in the diagram of the difference in average student retention rates compared 

to the average posttest and retest results, as shown in Figure 3. 
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Figure 3. Test students’ diagram 

AR teaching materials based on STEM-integrated cognitive conflict was effective in 

learning and had a significant impact on scientific literacy, self-efficacy, and student 

retention in the material on Newton's laws of gravity and Kepler's laws. These findings 

reinforce the view that technology-based learning innovations and interdisciplinary 

approaches are able to overcome the limitations of conventional learning which tends to 

be one-way and does not facilitate active and meaningful learning experiences (Findayani 

et al., 2025). 

The improvement in scientific literacy in the experimental class was evident from 

significantly higher average scores compared to the control class, both in explaining 

phenomena, evaluating information, and interpreting data. This indicates that students 

were able to develop better conceptual understanding, think critically, and connect 

scientific concepts to real-world contexts. These findings align with previous research, who 

reported that AR with a cognitive conflict model can increase student engagement and 

facilitate discovery-based learning (Mufit et al., 2025). Similarly, the use of AR in gravity 

learning was effective in reducing misconceptions and clarifying relationships between 

physics variables. Futhermore, the results align with meta-analytic findings indicating that 

AR-based instruction produces small-to-moderate but consistent positive effects on 

learners’ performance across educational levels, confirming that immersive visualization 

enhances conceptual understanding and engagement (Chang et al., 2022) 

The cognitive conflict model applied in AR serves as a trigger for students' conceptual 

change, where they compare preconceptions with correct scientific concepts (Krisdiana et 

al., 2018). Meanwhile, the integration of the STEM approach provides a learning framework 

that connects science, technology, engineering, and mathematics, which (Wahyu et al., 

2020) found effective in fostering critical thinking and problem-solving skills. Significant 

improvements were also found in all indicators of self-efficacy, namely confidence in 

completing tasks, achieving goals, and overcoming problems. AR-based learning provides 

an immersive learning experience (mastery experience), which is a key source of self-

efficacy development (Bandura, 1997). Furthermore, cross-domain meta-analytic evidence 

in medical training confirms that AR interventions frequently increase learners’ confidence 

and procedural retention, suggesting a generalized mechanism for enhancing self-efficacy 

through immersive technologies (Baashar et al., 2022). Interactive visualizations in AR 

make it easier for students to understand abstract concepts in physics learning like a 

gravity, thereby fostering confidence in their abilities (Kari, 2020).  

The finding that self-efficacy is closely related to active student engagement and 

persistence is consistently supported by previous research (Swackhamer et al., 2009). 

Furthermore, the cognitive conflict model encourages reflection and conceptual 
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reconstruction, which, according to (Pratama et al., 2021; Mufit and Dhanil, 2024), can 

increase students' confidence in problem-solving. The STEM approach integrated into 

learning also contributes to increased self-efficacy because students are involved in solving 

real-world problems that require cross-disciplinary collaboration (Alkhabra et al., 2023). 

Student knowledge retention in the experimental class also significantly improved 

compared to the control class, as evidenced by retest scores approaching posttest scores. 

This indicates that AR learning helps students maintain conceptual understanding over 

time. According to (Nahdhah and Mufit, 2025), interactive learning materials can improve 

retention by building strong mental representations. Real-time visualization of physical 

phenomena through AR helps students connect learned concepts to concrete sensory 

experiences, thus strengthening long-term memory (Garzón et al., 2020). Cognitive 

conflict ensures that understanding is clarified and verified, while the STEM approach adds 

relevance to real-world situations, which (Alkhabra et al., 2023) argues plays a crucial role 

in knowledge retention. 

The integration of AR, cognitive conflict, and STEM in one teaching material creates 

comprehensive learning, combining visualization of abstract concepts, intellectual 

challenges, and real-world applications. This not only improves cognitive achievement, but 

also the affective and psychomotor aspects of students. This finding thus proves that the 

teaching material developed is effective and has a positive impact on student scientific 

literacy, self-efficacy, and retention (Mufit et al., 2025), while also supporting the 

statement that technology-based learning is important to implement to improve the quality 

of physics learning in the 21st century education era (Tihasanah et al., 2025), while also 

addressing the challenges of low scientific literacy, self-efficacy, and student retention in 

Indonesia. 

 

Conclusion 

 

Based on the research results, it can be concluded that the augmented reality learning 

material based on cognitive conflict integrated with the STEM approach is effective and has 

a positive impact on scientific literacy, self-efficacy, and student retention in the physics 

learning on the topics of Newton's laws of gravity and Kepler's laws. This improvement is 

evident in the data analysis results, which demonstrate significant differences in average 

scores and values between the experimental and control classes. This learning material is 

able to create an interesting learning experience and support the critical thinking process, 

as well as strengthen students' memory so as to foster self-confidence in understanding 

complex physics concepts. Therefore, this learning material is recommended to be 

implemented in the learning process to support the strengthening of 21st-century student 

competencies, especially in the aspects of scientific literacy, self-efficacy, and student 

retention. 
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