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used a quasi-experimental research method with a non-equivalent control group design.
This study was conducted at Yasmida Ambarawa High School in August 2024. The research
sample consisted of 65 students, consisting of 33 students of class X.1 as the experimental
class and 32 students of class X.2 as the control class, using cluster random sampling. The
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g:gy::;rds instrument used was a computational thinking ability test consisting of 10 essay questions.

Based on the results of hypothesis testing using statistical tests, namely the independent
Computational thinking sample t-test with the help of Jamovi software, the results of the independent sample t-test
Teaching with analogy showed a p-value of 0.001, which means a significance value <0.05, so H1 was accepted.

This indicates that there is a significant difference between the average Computational
Thinking skills of students in the control class and the experimental class after being given
different treatments.

Diani, R, Noperi, H., & Putri, C, A. (2026). Modelling the effect of Bing Chat integrated instruction with analogies on students' computational
thinking: A structural approach. Momentum: Physics Education Journal, 10(1), 162-172. https://doi.org/10.21067/mpej.v10i1.13935

1. Introduction

Physics education at the high school level requires students to possess higher-order thinking
skills, particularly Computational Thinking (CT). CT encompasses the processes of decomposition,
pattern recognition, abstraction, and algorithms that enable students to systematically solve physics
problems (Weintrop et al., 2016; Wing, 2006) . In the context of renewable energy, CT skills are
crucial because students must understand abstract concepts, model physical processes, and relate
mathematical representations to real-world phenomena in physics, biology, and chemistry
(Deissenroth et al., 2017) . Renewable energy topics involve complex and interconnected systems,
such as energy conversion processes, power generation, and environmental interactions, which are
often difficult for students to directly visualize. In conventional learning, students often experience
difficulties in connecting theoretical physics concepts with real-world energy phenomena, especially
when interpreting abstract systems and identifying conceptual relationships (Diani & Hartati, 2018).
In the context of learning, the development of computational thinking in renewable energy learning
requires the integration of analogy-based pedagogical approaches and Al technology support so that
students can build more concrete, systematic, and contextual conceptual representations (Grover &
Pea, 2013; Shute et al., 2017) .

One method that has the potential to support students' understanding of abstract physics
material is Teaching with Analogies (TWA) (Diani et al., 2019) . This method uses analogies to explain
complex concepts in simpler ways, helping students understand abstract concepts through analogies
relevant to their everyday experiences, thereby improving their conceptual understanding and
scientific reasoning (Duit et al., 2001; Glynn, 1991) . In the analogy process, students compare target
concepts in physics with familiar situations from everyday life to identify structural similarities
between the two domains. This activity encourages students to recognize patterns, filter relevant
information, and build abstract conceptual relationships, which are fundamental processes in
computational thinking (Weintrop et al., 2016; Wing, 2006) . Analogy-based learning theoretically
supports the core dimensions of computational thinking, particularly abstraction and pattern
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recognition. Research in Learning and Instruction shows that the effective use of analogies in science
learning can improve students' critical thinking skills and enable them to connect newly learned
concepts to existing experiences or knowledge (Richland & Simms, 2015; Saregar et al., 2018) . In
physics learning, analogies have been shown to improve the quality of students' mental modeling
and help them understand the structure of concepts that cannot be directly observed (Harrison &
Treagust, 2006). The effectiveness of analogies depends on the teacher's ability to provide
appropriate analogies and further explanations to address misunderstandings (Fuadi et al., 2020;
Klopfer et al., 2009) . However, the effectiveness of conventional TWA implementation is often
limited by the teacher's ability to provide diverse, contextual, and adaptive analogies according to
students' learning needs.

In recent years, the integration of technology into learning has become increasingly important,
particularly through the use of digital platforms such as Bing Chat. This technology has the potential
to be an interactive medium that can increase student engagement and facilitate the use of analogies
in a more dynamic and responsive manner (Ali et al., 2024; Susskind, 2018) . Bing Chat, as an Al-
based platform, has the ability to respond and explain concepts interactively, which can support the
TWA method by offering a variety of additional analogies and helping students overcome difficulties
in understanding physics concepts (Bower et al., 2024; Grover & Pea, 2013) .

Research conducted by (Weintrop et al., 2016) reported that the use of chatbots can improve
the quality of conceptual understanding through interactive dialogue and strengthen students'
reasoning skills in solving science problems. Furthermore, Al-based chatbots increase students'
motivation, engagement, and the quality of cognitive reflection, primarily due to Al's ability to
provide immediate adaptive feedback. The integration of Al-based chatbots can enhance student
understanding through active interaction, which in turn supports the development of critical and
creative thinking skills (Kumar et al., 2025; Lai & Bower, 2020) .

Previous research has shown that research on CT, TWA, and the use of Al has progressed rapidly
but remains fragmented. Some studies have focused on the effectiveness of analogies in physics
learning (Harrison & Treagust, 2006; Richland & Simms, 2015) . Meanwhile, other studies have
highlighted the role of chatbots in improving conceptual understanding or learning motivation
(Rahman et al,, 2019) . On the other hand, research on CT in physics education has largely focused on
instrument development or conceptual studies without integrating assistive technology (Mulyono et
al,, 2025) . In renewable energy learning, students are required to understand complex and abstract
systems such as energy conversion, electricity generation, and environmental interactions that are
difficult to observe directly. These concepts often involve interconnected processes and dynamic
relationships, making it difficult for students to abstract and recognize patterns, which are essential
components of computational thinking. Although the TWA model can help students connect abstract
physics concepts with everyday experiences, conventional analogy-based learning still has
limitations because the analogies provided by teachers are often static, limited in number, and unable
to represent concepts through various forms of visual, contextual, and interactive representations.

Bing Chat (currently integrated as Microsoft Copilot) offers several advantages that can more
effectively support the TWA model. This platform is capable of generating contextual analogies,
providing up-to-date references linked to internet sources, and presenting multimodal explanations
through text and visual representations (Saregar et al., 2025) . These features enable students to
explore renewable energy concepts more interactively and help teachers provide richer and more
adaptive analogy explanations. These advantages make Bing Chat more relevant for use in analogy-
based learning compared to conventional chatbots that focus solely on textual responses (Diani,
Saregar, et al., 2016) . However, to date, no research has specifically investigated the integration of
Bing Chat into the TWA model to improve students' computational thinking skills in renewable
energy learning. A significant research gap remains regarding how Al-assisted analogy teaching can
support abstraction, pattern recognition, and other computational thinking processes in physics
education.

Therefore, this study aims to explore the effect of implementing Bing Chat in the TWA model on
high school students' computational thinking skills in learning physics material about renewable
energy. The novelty of this study lies in the integration of Al as an analogy supporter in the TWA
model, as well as its focus on the development of CT, which has not been widely studied in previous
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research. The results of this study are expected to contribute to the development of adaptive and
innovative physics learning strategies that are appropriate to the needs of 21st-century learning.

2. Method

This study used a quantitative approach with a quasi-experimental design. The research design
employed was a non-equivalent control group design. In this design, the experimental and control
groups were not randomly selected individually, but rather used pre-existing groups (classes).
However, both groups were given a pretest to determine their initial abilities and a posttest to
measure the impact of the treatment.

The population in this study consisted of all 10th-grade students at Yasmida Ambarawa High
School in the 2024 /2025 academic year, divided into several classes. The sampling technique used
was cluster random sampling. The sampling procedure was carried out by drawing lots from all k
experimental classes receiving TWA assisted by Bing Chat. From the results of the draw, two sample
classes were selected, namely class X.1 as the experimental class (33 students) who received
Teaching by Analogy (TWA) assisted by Bing Chat, and class X.2 as the control class (32 students)
who used the conventional learning model. The total sample consisted of 65 students. To minimize
potential bias, both classes were taught by the same physics teacher, received the same learning
objectives and teaching duration, and were allocated the same teaching time during the study. In
addition, both classes studied the same renewable energy material and used equivalent assessment
instruments.

In the experimental class, Bing Chat was integrated into several phases of the Teaching with
Analogies (TWA) model. During the introduction phase, the teacher used Bing Chat to generate
contextual analogies related to renewable energy concepts based on students' everyday experiences.
In the analogy exploration phase, students interacted with Bing Chat to ask questions, identify
similarities between the target physics concept and everyday situations, and obtain additional
explanations or visual representations. Furthermore, in the concept mapping and reflection phase,
Bing Chat was used to help students compare limitations and similarities between the analogy source
and the target concept, thus supporting the abstraction process and the introduction phase of
patterns in computational thinking. Meanwhile, the control class received conventional instruction.
without the support of Al-assisted analogies. The study was conducted in four sessions over two
weeks.

The data collection instrument consisted of a Computational Thinking (CT) ability test in the
form of an essay with 10 questions. This instrument was developed based on CT indicators, which
include decomposition, introduction of phase patterns, abstraction, and algorithms. Before being
used, the instrument underwent validity and reliability testing using the Rasch Measurement Model
analysis. Based on the Rasch analysis, all items were declared valid (appropriate) because they met
the Outfit Mean Square (MNSQ) criteria in the range of 0.5 < MNSQ < 1.5, Outfit ZSTD in the range of
-2.0 <ZSTD < +2.0, Pt-Measure Corr in the range of 0.4 < PTMEA < 0.8, and had good reliability, so it
is suitable for measuring computational thinking abilities. (Boone et al., 2014; Laliyo et al.,, 2022; ].
Linacre, 2009; JM Linacre, 2012; Sumintono & Widhiarso, 2015) .

The essay test was scored using an analytical scoring rubric developed based on computational
thinking indicators, namely decomposition, introduction of phase patterns, abstraction, and
algorithmic thinking. Each item was scored on a scale of 0-3, with higher scores indicating a more
complete and systematic demonstration of computational thinking processes (Wulandari et al,,
2025) . Student responses were evaluated by the researcher and a physics education expert to
maintain consistency of scoring. Before data were analyzed using Winsteps software, all raw scores
were tabulated and checked to ensure accuracy and completeness of the assessment.

Data analysis was conducted in two stages. First, raw scores from the pretest and posttest were
converted to interval-scale data (Logit/Measure values) using Winsteps (Rasch Modeling) software
(J-M. Linacre, 2012; Sumintono & Widhiarso, 2015) . Conversion to logit was performed to improve
measurement accuracy compared to using only raw scores (Ekstrand et al., 2022; Leung et al., 2022;
Planinic et al,, 2019; Tesio et al., 2023) . Second, logit data were analyzed using inferential statistics
assisted by JAMOVI software. Prerequisite tests included normality and homogeneity tests (Kim &
Park, 2019) . After the prerequisites were met, hypothesis testing was conducted using an
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independent sample t-test. to see significant differences in the improvement of CT abilities between
the experimental and control classes (Barber et al., 2022; Calkin et al., 2023; Leung et al., 2022).

3. Results and Discussion

3.1. Computational Thinking Ability Improvement (Individual

Measurement)
Based on the analysis using Rasch Modeling, the individual measure values (student ability
levels) were obtained in logit units. Summary pretest and posttest statistics for the experimental and
control classes are presented in Table 1.

Table 1. The mean logit of the pretest and post-test of students in the experimental class and
the control class.

Class Number of Students ~ Number of Mean/SE (logit) of Students

Questions Pre-test Post-test Before and After Changes
Experimental 33 10 0.21/(0.31) 1.90/(0.32) 1.69
Control 32 10 -0.04/(0.33) 1.56/(0.31) 1.60

Table 1 shows that both classes experienced improved performance. However, the
experimental class showed dominance, with a final (post-test) performance score of 1.90 logits,
higher than the control class's score of 1.56 logits. The improvement in the experimental class (+1.69
logits) was also greater than that in the control class (+1.60 logits). This indicates that the Bing Chat-
assisted TWA model intervention was more effective in improving students' critical thinking skills
than conventional learning.

3.2. Analysis of Changes in the Level of Difficulty of Question Items

(Measurement of Question ltems)

To validate this improvement in ability, an analysis of the level of difficulty of the questions
(Item Measurement) was conducted. According to the Rasch principle, if a student's ability increases,
the same questions will be measured as having a lower level of difficulty (logit) (the questions will
feel easier). The data in Table 2 shows an interesting phenomenon.

Table 2. The mean logit of the pretest and posttest scores for the Computational Thinking
skill items in the experimental and control classes.

Class Number of Students ~ Number of Mean/SE (logit) Item Computational Thinking

Questions Pre-test Post-test Before and After Changes
Experimental 33 10 0.78/ (0.17) _ -1.13/(0.23) -1.91
Control 32 10 1.03/(0.18)  -0.67/(0.19) -1.71

In the experimental class, there was a drastic decrease in the difficulty level of the questions,
from 0.78 logits (in the pretest) to -1.13 logits (in the posttest). This extreme change of -1.91 logits
indicates that after learning using Bing Chat-assisted analogies, students found the CT questions
much easier to solve. A more detailed analysis was conducted to determine which aspects/indicators
students found most helpful after the intervention. Next, item difficulty level category can be seen in
Table 3.

Table 3. Item difficulty level category

Range Division Reference Renge Logit Item Category Question Item Code

>+1SD >0.30 Very difficult

0.0 logits/d + 1SD 0.0 to 0.30 Difficult 2PR, 1DC, 4L, 9DC, 10AB, 8AL
-1 SD to 0.0 logit -0.30 to 0.0 Easy 6PR, 5DC, 7AL

<-1SD <-0.30 Very easy 3AB

Based on Table 3, the results of the difficulty level test on 10 Computational Thinking ability test
questions show that there are 6 questions in the difficult category, 3 questions in the easy category,
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and 1 question in the very easy category. Next, Table 4 shown a pre-test and post-test items for
computational thinking indicators

Table 4. Changes in pre-test and post-test items for computational thinking indicators

Indicator Experimental Class Control Class

Pre Post Difference Pre Post Difference
Decomposition 0.86 -1.11 -1.97 1.03 -0.66 -1.69
Pattern Recognition 0.94 -1.09 -2.03 1.20 -0.79 -1.99
Abstraction 0.70 -0.99 -1.69 0.79 -0.12 -0.91
Algorithm 0.62 -1.27 -1.89 1.05 -0.61 -1.66
Average 0.78 -1.12 -1.90 1.02 -0.54 -1.56

Referring to Table 4, all CT indicators in the experimental class experienced a significant
decrease in logit difficulty (mean decrease of -1.90 logit), which was better than the control class
(mean decrease of -1.56 logit). The largest decrease in difficulty in the experimental class occurred
in the Pattern Recognition (decrease of 2.03 logit) and Decomposition (decrease of 1.97 logit). These
findings indicate that Bing Chat assistance is very effective in helping students identify problem
patterns and decompose complex problems into simpler components. Cognitively, Bing Chat
supports pattern recognition by providing a variety of contextual analogies and diverse
representations of renewable energy concepts. When students compare the various sources of
analogies generated by Bing Chat with the target physics concept, they engage in a similarity mapping
process that helps them recognize recurring structures, relationships, and cause-and-effect patterns
across situations. This process reduces students' cognitive load in identifying abstract relationships
because the Al-generated analogies provide immediate support and adaptive explanations. As a
result, students become better able to systematically recognize conceptual patterns, which
strengthens the pattern recognition dimension of computational thinking.

To visualize the differences in treatment impact more comprehensively between the two
classes, a comparison of the magnitude of the logit reduction for each indicator is presented in Figure
1.

COMPARISON OF DECREASE IN LEVEL OF
DIFFICULTY OF QUESTION ITEMS PER
INDICATOR
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Figure 1. Comparison of the Level of Decrease in Question Item Difficulty (Question Item
Size) per Indicator between the Experimental Class and the Control Class.

Based on the visualization in Figure 1, it is clear that the experimental class (blue bars)
consistently outperformed the control class (orange bars) in terms of the magnitude of the decline
across all indicators. In addition to the aforementioned decomposition and pattern recognition
aspects, the graph also highlights a significant effectiveness gap in the Abstraction indicator. In this
indicator, the experimental class was able to record a decrease in difficulty of -1.69 logits, far
exceeding the control class which only achieved -0.91 logits. This confirms that the integration of
Bing Chat in the TWA model is superior in helping students build an understanding of abstract
concepts, which is usually the weakest point in conventional learning. Next, wright map analysis can
be seen in Figure 2.
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Figure 2. Wright map analysis

The Wright Map above shows the distribution of students in the experimental and control
classes based on Rasch analysis on the same logit scale. The left side of the map displays the
distribution of student abilities, while the right side displays the distribution of grades. The Wright
Map results indicate that after the treatment (posttest), student abilities in the experimental class
improved significantly compared to those in the control class.

3.3. Prerequisite test analysis

Before testing the hypothesis about the effectiveness of the learning model, a prerequisite test
was carried out to ensure that the data met the assumptions of parametric statistics, namely that it
was normally distributed and had homogeneous variance.

3.3.1. Normality Test

Normality testing was performed using the Kolmogorov-Smirnov technique with the aid of
JAMOVI software. The testing criteria state that the data is normally distributed if the significance
value (p) is greater than 0.05 (p > 0.05). The results of the normality test for the pretest and posttest
data are presented in Table 5.

Table 5. Normality test

Kolmogorov Smirnov Pre-test Post-test

P 0.215 0.428

A 0.05 0.05

Decision Normally Distributed Normally Distributed

Based on Table 5, the significance value (p) for the pretest datais 0.215 and for the posttest data
is 0.428. Since both p-values are greater than the 0.05 significance level, it can be concluded that the
Computational Thinking ability data in both classes are normally distributed.

3.3.2. Homogeneity Test

After ensuring that the data were normally distributed, a homogeneity test was performed using
Levene's test to determine the equality of variance between groups. The test results are presented in
Table 6.

Table 6. Homogeneity Results of Pretest and Posttest

Levene's Pre-test Post-test

P 0.187 0.805

A 0.05 0.05
Decision Homogeneous Homogeneous
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Based on the results in Table 6 above, it can be seen that both data sets are homogeneous. This
can be concluded from the Levene values for both data sets. For the pretest results, the Levene value
with a p value of 0.187, which means >0.05, indicating that the pretest results are homogeneous. For
the posttest results, the Levene value with a p value of 0.805, which means >0.05, indicating that the
posttest results are also homogeneous.

3.4. Hypothesis Testing

After ensuring that the data met the assumptions of normality and homogeneity, the next step
was to test the hypotheses to answer the research questions. The statistical test used was the
Independent Samples T-Test using JAMOVI software. This test focused on post-test data to determine
whether there were significant differences in Computational Thinking skills between students who
used the Bing Chat-assisted TWA model (Experimental Class) and students who used the
conventional model (Control Class) after the treatment was completed (Love et al.,, 2022; Rohman et
al,, 2021). A summary of the hypothesis test results is presented in Table 7.

Table 7. Hypothesis testing post-test
Post-test (Independent T-test)

p (Significance) 0.001
A 0.05
Decision H ois rejected H 1 is accepted

Based on Table 7, the results of the posttest data analysis show a significance value (p) of 0.001.
Because the p value <0.05, the test decision is Ho is rejected and Hi is accepted. This statistically
proves that there is a significant difference in the average ability of Computational Thinking of
students between the experimental class and the control class. In other words, the application of Bing
Chat in the Teaching by Analogy (TWA) model has a real and significant influence on students'
Computational Thinking abilities on renewable energy material compared to the conventional
learning model.

In Rasch measurement, higher individual logit scores indicate greater student proficiency in
completing computational thinking tasks. Posttest results showed that students in the experimental
class scored above the average item difficulty level, indicating that most students were able to
successfully complete the assigned computational thinking tasks after the intervention. Furthermore,
the relatively small standard error values indicate that the individual measurements are quite stable
and consistent. These findings suggest that the Bing Chat-assisted TWA model not only improved
students' average scores but also improved the accuracy and consistency of students' computational
thinking performance.

3.5. Discussion

This study aims to determine the effect of Bing Chat implementation in the Teaching by Analogy
model on student abilities. This study was conducted at Yasmida Ambarawa High School with 65
students, focusing on physics and renewable energy subjects. The Teaching by Analogy (TWA) model
was applied to the experimental class, class X.1, while the conventional learning model was applied
to the control class, class X.2.

The Teaching by Analogy (TWA) model, by implementing Bing Chat, can increase student
learning motivation. This is evident from students' positive responses to the use of Bing Chat in
learning. Students feel more challenged and motivated to complete the assigned tasks. This finding
is supported by research (Diani et al.,, 2018; Hoerunnisa & Fauziah, 2023) , which shows that the use
of technology in learning can be developed in various forms and plays a role in improving student
learning outcomes. This shows a positive influence, with significant results on Computational
Thinking skills. This is evident from the average logit results of students' pretest and posttest in the
experimental and control classes. The average logit score for the pretest was 0.21 and the average
logit score for the posttest was 1.90 in the experimental class, with an average logit change of 1.69.
Meanwhile, in the control class, the average logit score for the pretest was -0.04 and the average logit
score for the posttest was 1.56, indicating an average logit change of 1.60. Based on the data, it
appears that the experimental class experienced a higher change in scores than the control class. It
can be concluded that the use of the Teaching With Analogies (TWA) model, which implements the
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use of Bing Chat, shows a systematic increase in computational thinking skills. This increase is in line
with research findings (Azmi, 2017; Diani, Yuberti, et al., 2016; Rudianto et al., 2022) , which state
that analogy is a learning strategy that can systematically improve mathematical and problem-
solving skills.

This indicates that the experimental class was able to analyze each indicator in the
Computational Thinking ability test more easily after being given a learning treatment using the
Teaching With Analogies (TWA) model by implementing Bing Chat in it. This is compared to the
control class that used conventional learning. This finding is also supported by research by Lutfi
Azizatul Laila and Rini Verary Shanthi, which revealed that the application of Computational
Thinking skills in learning can improve students' analytical and logical abilities (Maskur et al., 2021) .
This is because analogies are used in learning so that students will more easily visualize how two
different things can have similarities (Diani et al., 2019; Mawarni, 2019; Nursafitri et al., 2021) .
Therefore, an interactive and responsive learning environment is created with the Teaching With
Analogies (TWA) model by implementing the use of Bing Chat in it.

This success can be explained by TWA's function in helping students understand abstract
concepts through relevant analogies. Analogies act as cognitive bridges that facilitate the processes
of decomposition, pattern recognition, and algorithm construction. Bing Chat engagement enriches
students' analogies, provides additional explanations, and allows students to ask questions
independently when encountering difficulties. This interaction encourages students to explore
physics concepts in greater depth, thus contributing directly to improved logit scores across all CT
indicators. When compared with previous research, these findings are consistent with studies
(Harrison & Treagust, 2006; Richland & Simms, 2015; Yunita et al., 2024) which state that the use of
analogies strengthens conceptual understanding and scientific reasoning. Similarly, the results of this
study align with studies (Hoerunnisa & Fauziah, 2023) which found that the use of educational
technology can improve motivation and learning outcomes. Studies by (Setiawan et al., 2023) and
(Maskur et al,, 2021) also show that learning approaches that encourage independent exploration
can enhance aspects of CT such as algorithmic thinking and pattern recognition. Thus, this research
strengthens empirical evidence that combining analogy strategies and interactive technology can
support the development of students' computational skills.

Although the results of this study show significant improvements, there are several limitations
that need to be considered. First, the difference in initial abilities between the experimental and
control classes was quite significant, as reflected in the pretest results. This condition may influence
the interpretation of the magnitude of the treatment effect, even though the statistical analysis still
shows a significant difference. Second, the use of Bing Chat is highly dependent on students' internet
connection and digital skills, so learning experiences may vary across students. Third, this study used
a limited sample size and was conducted in only one school, so the findings should be generalized
with caution. Furthermore, the relatively short duration of the intervention and its application to
only one physics topic do not fully guarantee the long-term retention of students' computational
thinking skills after intensive Bing Chat use is discontinued. (Diani, Saregar, et al., 2016) . The
improvements observed in this study may still reflect short-term cognitive support facilitated by Al-
assisted interactions, rather than the stable and sustained development of computational thinking.
Therefore, longitudinal studies are needed to examine whether students are able to maintain
abstraction, pattern recognition, and algorithmic thinking skills independently over a longer period
of time and across different physics topics.

This study provides three main findings. First, it demonstrates that combining analogies and Al-
based technology is effective in enhancing critical thinking (CT), particularly in renewable energy
materials that require an understanding of complex systems. Second, it presents a hybrid learning
model that integrates Technology-Based Analysis (TWA) and chatbots, an approach that has not been
widely studied in the physics education literature. Third, it opens up opportunities for further
research to explore how variations in analogies, interaction patterns with chatbots, and students’
cognitive profiles may influence the effectiveness of CT-based learning. For future research, several
strategic directions need to be considered. First, future studies should employ longitudinal designs
or delayed posttests to examine the long-term retention of computational thinking skills after Al
assistance is reduced or removed. Second, further research is needed to investigate the extent to
which students become cognitively dependent on Al-generated explanations during analogy-based
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learning. Third, future studies could analyze the quality and characteristics of Al-generated analogies
to determine which types of analogy representations are most effective in supporting abstraction
and pattern recognition processes. Furthermore, a broader sample involving different schools,
educational levels, and physics topics is needed to increase the generalizability of the findings. A
qualitative approach focusing on student-Al interaction patterns can also provide deeper insights
into how Al-assisted dialogue facilitates the development of computational thinking in physics
learning.

4. Conclusion

Based on the research results, it can be concluded that the Teaching With Analogies (TWA)
model, which implements the use of Bing Chat, is effective in improving the computational thinking
skills of 10th-grade students at Yasmida Ambarawa High School in physics lessons on the theme of
renewable energy. This result can be proven by the results of the hypothesis test which states that
HO is rejected and H1 is accepted, meaning there is a difference in students' computational thinking
skills before and after the treatment.

Furthermore, from the pretest and posttest results of students in the experimental class, the
average pretest score was 0.21 logit and the average posttest score was 1.90 logit, with a change of
1.69 logit. Meanwhile, in the control class, the average pretest score was -0.04 logit and the average
posttest score was 1.56 logit, indicating a change of 1.60 logit. In this case, students in both classes
showed positive changes in their abilities. However, the mastery of questions in the experimental
class was far superior to that in the control class. In addition, it can also be seen that the average
change in the experimental class was much greater than that in the control class. This indicates that
students in the experimental class put in greater effort than students in the control class. Thus, it can
be concluded that the use of the Teaching With Analogies (TWA) model by implementing the use of
Bing Chat has an effect on students' computational thinking abilities.
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