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Abstract. Critical thinking is an important skill of the 21% century. An intensive
observation during the learning process at State Junior High School (SMP
Negeri) 8 Semarang found that students had low critical thinking abilities in solar
system topics. Thus, a guided inquiry model assisted by augmented reality media
on the solar system study material is expected to engage students by allowing
them to participate actively in their learning process to improve their critical
thinking skills. This research used a quasi-experimental method with a pretest-
posttest control group design by applying the guided inquiry model assisted by
augmented reality (AR) to improve students' critical thinking skills. The subjects
of this research were students in VII F and VII G classes (Academic Year 2024).
The research instruments included a multiple-choice test sheet with reasoning and
a student response questionnaire. Data analysis employed the N-gain test and t-
test. The results of the N-gain analysis showed an increase in students' critical
thinking skills in the experimental class by 0.62 and in the control class by 0.27.
The t-test results showed a significant difference between the critical thinking
abilities of the experimental and control classes with Sig. (2-tailed) of 0.000 <
0.05. The guided inquiry model implementation with AR in improving the
students' critical thinking skills is also supported by the results of the student
response questionnaire, which showed a very good category (84.99%). This
research concludes that learning using the guided inquiry model assisted by
augmented reality could improve student's critical thinking skills.

Keywords: Guided inquiry model, augmented reality, critical thinking skill.
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INTRODUCTION

The rapid technological development and changes in organizational behavior have
impacted the characteristics of the current labor market, such as a rapidly changing work
atmosphere. People, especially employees, must have 21%-century skills, including 4C
(critical thinking, collaboration, communication, and creativity). Critical thinking is the
most important among those four skills since it is the highest form of intelligence. The
ability to think critically is the ability that a person hopes to face various conflicts in social
and personal life. Critical thinking refers to the act or practice of thinking critically by
applying reason, questioning assumptions, and evaluating information. It involves
analyzing available facts, evidence, observations, and arguments to form rational,
skeptical, and unbiased judgments. Critical thinking is essential for problem-solving,
discerning biases, and making informed decisions (McGlynn, 2024). Critical thinking in
science learning is a systematic process that involves mental activities such as analyzing
assumptions and making decisions. Students with critical thinking skills can think when
making decisions about certain statements, which is essential for developing students'
potential. However, it cannot be mastered instantly within a short period. Therefore, family
support, education schools, parents, and teachers are fundamental in infusing and
preparing a supportive educational environment to stimulate critical thinking skills in
students as early as possible (Thornhill-Miller et al., 2023).

In order to support the educational environment along with science and technology
development, various learning media have emerged, especially those that utilize the latest
technology, such as computers and mobiles (Punggeti et al., 2024). Teachers can use media
to clarify their understanding of science concepts, including solar system study material.
Solar system material is one of the materials that require suitable learning media to explain
learning material concretely. Solar system study material is very theoretical. Students must
be able to describe various celestial bodies found within the solar system. Therefore,
special media is needed to help the learning process of the solar system concept and ensure
student understanding and critical thinking skills (Rahmawati et al., 2019).

In Indonesia, solar systems are science learning materials studied in junior high school.
This material is very close to everyday life, but the material on the process of Earth's
rotation and revolution is challenging to understand and tends to be abstract. When
students work on questions related to this material, they experience difficulties and have
low analytical skills. Based on the preliminary study at State Junior High School (SMP
Negeri) 8 Semarang, students still had relatively low critical thinking skills. Low critical
thinking skills of students were observed when students were unable to work on questions
that referred to higher-level thinking questions. When students are faced with high-level
questions, there are still many students whose scores are below average. In addition,
students with low critical thinking skills cannot reach arguments and conclude reasonably.
According to an interview with the science teachers, it was obtained that students were
less interested in participating in classroom learning activities due to the lack of learning
innovation. Apart from that, students also quickly procrastinated in doing assignments,
and students tended to get bored. They had little desire to look for information related to
the material, and students' critical thinking abilities were also lacking, as seen from their
low curiosity and lack of critical thinking in science learning. This results in students being
less trained in developing analytical and argumentative skills as indicators of critical
thinking abilities. Teachers also have not tried to provide questions that can train students'
critical thinking skills. The lack of application of supportive learning models causes low
critical thinking skills. This result aligns with research showing that students' low critical
thinking abilities were caused by a monotonous teaching method and less innovative
media (Surayya et al., 2014). Also, the questions given to students to evaluate only reach
levels C1 (remember) and C2 (understand), so it is not enough to train students' critical
thinking abilities (Baharuddin et al., 2017). Questions used to test thinking abilities critical
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load level C4. (analysis), (analyzing), C5. (synthesis), and C6 (evaluate) with solar system
material studied by students, which contain indicators of critical thinking skills.

One solution is to innovate using learning models and media to improve students'
critical thinking skills in solar system material. Guided inquiry learning is a practical
approach for enhancing critical thinking skills among students. Guided inquiry learning is
a practical approach to improving critical thinking skills among students. The guided
inquiry learning process becomes important to apply, especially in science learning, to
make the learning process more meaningful. The steps taken direct students to think
emancipatory when finding the concept. Indirectly, this will train them to think critically
and creatively. In this model, learners actively explore topics, ask questions, and
investigate problems, fostering more profound understanding and analytical abilities. A
study conducted with 11th-grade students using guided inquiry models found a significant
increase in critical thinking skills (29.9% improvement) and cognitive learning outcomes
(22.9% improvement). The strong correlation (r = 0.721) between critical thinking skills
and cognitive learning outcomes highlights the effectiveness of this approach (Rosania et
al., 2023).

Apart from learning models, the role of learning media is also essential for the learning
process. Learning media can train students' critical thinking skills by stimulating them to
argue and answer questions. Media use appropriate learning as stated by Hasnunidah
(2011) that a person's expertise teachers in choosing the proper learning media are one of
the determining factors for the successful development of students' critical thinking skills.
This follows the opinion of Mayer (2002) that students' critical thinking skills can be
developed using appropriate learning media. Android-based media is learning media
relevant to current conditions; one alternative learning media that can be applied to
smartphones is augmented reality (Herlanti et al.,, 2019; Rahmawati et al., 2019).
Augmented Reality (AR) learning media can significantly enhance students' critical
thinking ability. By integrating AR technology into educational experiences, students
engage with content more interactively and immersively, improving cognitive skills. AR
learning media provides an innovative approach to enhancing critical thinking skills by
promoting active engagement and more profound understanding (Bakri et al., 2021).

There are few research results on the guided inquiry model using AR media for solar
system learning to improve students' critical thinking skills (Table 1). Therefore, based on
theoretical and other study analysis, the guided inquiry learning model AR media in solar
system study material is expected to enable learners to use authentic context by exploring
the visualization using the AR, interact with virtual models, foster curiosity, and encourage
critical thinking (Wen et al., 2023).

RESEARCH OBJECTIVES

Based on the background outlined, the research problem can be formulated as follows:
1) how does implementing the guided inquiry model assisted by augmented reality (AR)
on the solar system study material enhance students' critical thinking skills? and 2) what
are the students' responses to applying the guided inquiry model assisted by augmented
reality in improving their critical thinking skills?

©2024 Science Education Association (Thailand). This article is licensed under CC BY-NC-ND 4.0.
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Table 1: Review of relevant research
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Objectives and Results

Learnin
g Model

Study
Materials

Learning
Media

References

To apply learning media based on a
scientific approach using AR to
improve critical thinking skills. It was
found that students' critical thinking
abilities increased after using learning
media based on a scientific approach.
To improve students' critical thinking
skills through the AR-assisted PBL
model. The results of this research
showed that the application of the AR-
assisted PBL model enhanced critical
thinking skills.

To determine the effect of AR-based
learning media on students' critical
thinking abilities. The research showed
that the AR-assisted discovery learning
model affected students' critical
thinking abilities. The results of the
essential thinking abilities in the
experiment class were more significant
than those in the control class by 11%.
To produce an AR-integrated
contextual learning module to improve
students' critical thinking skills. This
research showed that the integrated AR
module improved students' critical
thinking skills.

To determine the validity, practicality,
and effectiveness of STEM-based
teaching materials using AR to
improve students' critical thinking
skills. This research showed that
STEM-based teaching materials using
AR effectively improved students'
critical thinking skills.

To implement the guided inquiry
model assisted by augmented reality
(AR) on the solar system study
material to enhance students' critical
thinking skills.
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Project-
based
Learning

Discover

y
Learning
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Movement
System

Chemical
Bond

Vibration,
Wave, and
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System
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AR

AR

AR

AR

AR

(Gaol et al.,
2022)

(Isatunada
etal., 2023)

(Ashari,
2019)

(Mashami
etal., 2021)

(Oktaviyant
ietal.,
2023)

This study

Research Tools

This research used an experimental method, a quasi-experimental design with a
nonequivalent control group. The study consisted of a control class and an experimental
class. The learning control class used conventional media (pictures and videos) with a
discovery learning model, while the experiment class used digital media of augmented
reality (AR) in the Assemblr EDU application (Figure 1) with a guided inquiry model.
Figure 2 shows an example of a question that applies the guided inquiry model. The
research design is presented in Table 2.
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Figure 1: Assembler EDU application with AR-based learning media on solar
system

Look at the picture below!

A planet is a member of the solar system. Planets make movements, one
of which is circling the Sun in a certain trajectory. Based on this image,
it can be seen that the planet's trajectory has the shape...

A. Ellipse

B. Circle

C. Parabola

D. Semicircle

Reason:

Figure 2: Example of a question applied to the Assemblr Edu application

Table 2: Research design

Group Pretest Treatment Posttest
Experiment class 0 X 0,
Control class Os Y O4
Source: (Sugiyono, 2013)
Description:
X : experiment class (guided inquiry and AR media)
Y : control class (discovery learning and pictures-videos media)
O] - pretest of experiment class
o)) : posttest of experiment class
O3 - pretest of control class
O4 : posttest of control class

Data Collection

The data collection technique was to determine students' critical thinking abilities
before and after being given treatment. A reasoned multiple-choice test and a students'
response questionnaire were employed. An example of a reasoned multiple-choice
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question can be seen in Figure 2, which provides an indicator of thinking ability to focus
on a question. The test measured the students' critical thinking abilities regarding solar
system material. The test and questionnaire were prepared based on critical thinking
indicators (Ennis, 2011) and were given to both samples before and after treatment.

Data Analysis

Parametric and non-parametric statistical techniques were used in this study. When the
generated data follows a normal distribution and is in interval format, parametric statistics
are used. Conversely, non-parametric statistics are employed if the data does not follow a
normal distribution and is nominal. The analysis used to determine whether the guided
inquiry model assisted by augmented reality could enhance students' critical thinking skills
involved a t-test using SPSS Software.

RESULTS AND DISCUSSION

This quasi-experimental research involved control and experiment classes as research
treatments. In both classes, learning was carried out in four meetings on solar system study
material. The material taught at each meeting is the solar system, including understanding
the Sun, planets, and their satellites, and getting to know the Sun more closely.

Based on the pretest and posttest data on students' critical thinking abilities in all
classes, all data were distributed normally and homogeneously. Thus, parametric statistics
were applied using a t-test. The results of the average pretest and posttest scores for the
critical thinking abilities of experimental and control class students can be seen in Figure
3.

100 ~
90
80
70
60
50
40 -
30 -
20
10 4

0 4

N

Pretest
W Posttest

Students's Mark

Control Experiment
Type of Class

Figure 3: Pretest and posttest results of control and experiment classes

Based on Figure 3, the pretest scores for both classes are not significantly different. In
contrast to the results of the posttest scores in the experimental class, the results are
significantly higher than those in the control class. As for the results of the pretest value
testing using the related t-test, the Sig. (2-tailed) value was 0.377 > 0.05, meaning there is
no significant difference in the pretest results of the control and experiment classes because
the significant value is > 005. Thus, no other factors could influence students' critical
thinking abilities in both classes apart from the treatment given. Therefore, testing the
presence of treatment given was done using student posttest data.

Based on the test results for the application due to posttest data treatment using the
related t-test, a Sig. (2-tailed) value of 0.000 > 0.05 was obtained. Based on the t-test
results, there was a significant difference in the posttest results for the experiment and
control classes. Based on the t-test results of students' pretest and posttest data, it can be
concluded that applying the guided inquiry model assisted by augmented reality can
improve students' critical thinking skills regarding solar system material.
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Furthermore, significant differences can be observed based on the analysis of pretest
and posttest data using the N-gain test. This test was used to determine the effectiveness
of the treatment given before and after learning. The N-gain test was carried out twice
based on the average and each student's critical thinking ability indicator in the pretest and
posttest questions. The N-gain test calculation based on the average in the control class
increased by 0.27, while in the experiment class, it increased by 0.62. These results showed
that the increase in the experiment class was higher than in the medium category of the
control class (0.3 < g <0.7). Next, the pretest and posttest data were carried out with an N-
gain test on each indicator of critical thinking ability used. According to Ennis (2011), ten
indicators of student's critical thinking abilities were used and distributed in 15 reasoned
multiple-choice questions. The results of the N-gain test for critical thinking ability
indicators in the control and experimental classes are presented in Figure 4.

*Highest N-gain score

@Control Class mExperiment Class

1.00

N-Gain Value
o o o
]
=]

Critical Thinking Indicators

Description:

: Focus to a something question

: Analyze the question

: Inquiry and answering the question

: Consider a source used

: Observe and consider the observation report

: Concluding and consider the conclusions deduction
: Make and consider inductive arguments and conclusions
: Define the terms and consider the definition

: Identify various assumptions

10: Deciding en a course of action

Figure 4: N-gain test for critical thinking ability indicators

DCO~ND O B W=

Figure 4 shows increased students' critical thinking abilities as seen in N-gain. The
image results show that the N-gain value obtained in the experimental class is higher than
the control class. The highest score in the experimental class was 0.72 in the high category,
while in the control class, the highest score was 0.43 in the medium category. The results
of the N-gain analysis stated significant differences in each indicator of students’ critical
thinking abilities in the control and experiment classes. This analysis data shows a better
improvement in the experimental class than in the control class.

A person is considered to have critical thinking abilities if they meet the indicators of
critical thinking abilities (Ennis, 2011). The increase in students' critical thinking skills
was measured using N-gain, which was analyzed for each indicator. The critical thinking
ability indicators in this research adopt indicators from Ennis (2011), which have five
aspects: providing simple explanations, building essential and basic skills, concluding,
making further explanations, and organizing strategies and tactics. The first aspect, namely
providing a simple explanation, was divided into three indicators: focusing on a question,
analyzing the question, and asking and answering questions. Each indicator between the
experimental and control classes had a significant difference, where the results of
increasing N-gain in the experimental class were higher than in the control class.

The increase in results was influenced by, among other things, the use of the guided
inquiry model with the help of AR, which occurred at the orientation or problem
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formulation stage. During the learning process, the teacher motivated students to ask
guestions because they were facilitated by jointly observing narratives, learning videos,
and AR media in the experimental class, which stimulated students to focus and think to
ask questions. It is related to guided inquiry learning, which requires students to think
actively, formulate problems, focus, and try to identify questions that arise from observed
physical phenomena to develop their critical thinking abilities (Thornhill-Miller et al.,
2023).

Furthermore, regarding the second aspect of building basic skills, the experiment class
was better than the control class. There are two indicators, i.e., considering a source used
and considering observation reports (Koksal & Berberoglu, 2014). The highest increase
occurred in the indicator considering the source used because students were asked to
reconsider answers in learning activities based on AR media information. It allows
students to observe the questions given. A person will carefully consider or determine
whether to reject, accept, or delay receiving information with critical thinking skills.
Adapting to sources is a person's ability to use existing procedures from trusted sources,
such as formulas, statements, and facts, to solve a problem.

The third aspect is concluding, where two indicators were used, i.e., concluding and
considering deductive conclusions and making and considering inductive arguments and
findings. Of the two indicators above, the indicator of creating and considering inductive
arguments and conclusions had the highest N-gain value. Students were trained to answer
questions related to AR media and asked to come up with several options by considering
these decisions. The existence of interaction activities between students creates an
exchange of ideas, where this activity influences the indicators for making an induction.
When making an induction, students must actively participate in the discussion to draw
careful conclusions from specific problems (Komala et al., 2017).

The fourth aspect is making further explanations. In this aspect, two indicators were
used to measure critical thinking skills, i.e., defining terms/considering definitions, and
identifying various assumptions. The highest increase occurred in the indicator identifying
various assumptions, where there was an increase in this indicator due to implementation
using AR media, which trained students in thinking and producing a conclusion based on
their assumptions. Critical thinking requires rigorously examining every assumptive
knowledge or belief based on supporting evidence and the subsequent conclusions that
result from it (Rahmawati et al., 2019; Zuniari et al., 2022).

The fifth aspect is organizing strategy and tactics, where deciding on an action occurs
in the guided inquiry model syntax. Designing an experiment requires students to act
according to the work method in the student worksheet. The use of AR media during the
experiment was not only to make the experiment easier but also to make students interested
in learning and gain more in-depth knowledge regarding AR media in student worksheets.
In contrast to the control class, which only uses the discovery learning model with the help
of learning videos, students felt bored more quickly. They were less enthusiastic about
learning activities in class. Apart from that, in this indicator, students were trained to
determine the reasons for and actions for decisions through observations on AR media. At
the end of each activity on the worksheet, students were required to answer questions. The
activities in AR media attempted to guide students in answering problems and determining
appropriate actions. Determining an action can be improved by solving questions correctly
(Khamhaengpol et al., 2021).

Overall, this research showed that learning using the guided inquiry model assisted by
AR media implemented in the experimental class could improve student's critical thinking
abilities. The AR-assisted guided inquiry model could train students' critical thinking skills
and be more student-centered. This model's stages invited students to think about
formulating problems and drawing conclusions. Meanwhile, AR media was used to
conduct investigations to gain knowledge independently. This activity made students more
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active and meaningful. It made obtaining information from various sources easier with the
help of the internet or student teaching materials, improving their critical thinking abilities.
Meanwhile, it was not optimal in the control class since learning through videos still made
them lack understanding of the information. It did not facilitate investigations that could
enable students to gain new knowledge and draw conclusions from the investigation
results.

The guided inquiry learning model assisted by augmented reality can improve students'
critical thinking skills. It was supported by analyzing the results of a questionnaire given
to students after the learning process. The questionnaire analysis consists of 10 statement
items grouped into five aspects of the student response questionnaire. The results of the
data analysis are presented in Table 3.

Table 3: Percentage of students' responses to the questionnaire

Aspects of questionnaire Percentage (%)
Interest in learning models and media 84.19
Utilization of learning models and media 84.19
Understanding learning material 89.33
Developing students' information 83.82
Generating students’ critical thinking attitudes 83.45

Based on Table 3, it can be concluded that the results of the students' response
questionnaire in the experimental class in the guided inquiry learning model assisted by
augmented reality in every aspect obtained very good responses from students with an
average of 84.99%. It shows that the guided inquiry learning model assisted by augmented
reality learning media suits solar system study material use.

CONCLUSION AND IMPLICATIONS

Guided inquiry learning using AR technology media in the context of solar system
study material significantly enhanced students' critical thinking skills. Application of
augmented reality It has also been proven to give students the courage to express real ideas;
it is part of the concepts that exist within them and should be developed and adequately
directed (Hermawan & Hadi, 2024). Furthermore, Nugroho (2023) also explained that
implementing augmented reality in learning spaces can enhance the experience and bring
significant changes in learning. The guided inquiry model assisted by augmented reality
received a positive response from students in the very good category—AR-enabled inquiry
activities immerse learners in an authentic context. Students can explore the solar system,
visualize celestial bodies, and interact with virtual models. This engagement fosters
curiosity and encourages critical thinking. AR allows students to collect data beyond the
classroom, and their experience promotes analytical thinking and problem-solving. AR
also facilitates collaboration among students working together on complex solar system
concepts. Effective communication and teamwork are essential for critical thinking. In
summary, integrating guided inquiry learning with AR technology in solar system
education enhances critical thinking by offering immersive experiences, data-driven
exploration, and collaborative problem-solving. To strengthen the findings in this research,
the researcher provides suggestions for future researchers to carry out experiments related
to using augmented reality learning media to improve other science skills.

ACKNOWLEDGEMENTS

The Science Education Undergraduate Study Program supported this research. The
authors would like to thank the science teachers of SMP Negeri 8 Semarang for assisting
with the research work.

©2024 Science Education Association (Thailand). This article is licensed under CC BY-NC-ND 4.0.



https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en

95

REFERENCES

Ashari, D. H. (2019). Pengaruh Penggunaan Media Pembelajaran Berbasis Augmented
Reality dengan Model Pembelajaran Discovery Learning Terhadap Kemampuan
Berpikir Kritis Siswa pada Materi Sistem Gerak.

Baharuddin, B., Indana, S., & Koestiari, T. (2017). Perangkat pembelajaran IPA berbasis
inkuiri terbimbing dengan tugas proyek materi sistem ekskresi untuk menuntaskan
hasil belajar siswa SMP. JIPI (Jurnal IPA Dan Pembelajaran IPA), 1(1), 81-97.

Bakri, F., Vani, N. D., Permana, H., & Muliyati, D. (2021). Textbook with augmented
reality technology: Improve critical thinking skill in elasticity concept. AIP
Conference Proceedings, 2331(1).

Gaol, A. F. L., Azizahwati, A., & Zulhelmi, Z. (2022). Implementasi Media Pembelajaran
Berbasis Pendekatan Saintifik Menggunakan Augmented Reality pada Materi Tata
Surya untuk Meningkatkan Keterampilan Berpikir Kritis Peserta Didik Kelas VII
SMP. Jurnal Pendidikan Tambusai, 6(2), 14190-14199.

Hasnunidah, N. (2011). Keterampilan Berpikir Kritis Siswa SMP Pada Penggunaan Media
Maket Melalui Contextual Teaching and Learning. Prosiding Seminar Nasional
Pendidikan MIPA 2011 FKIP Unila.

Hermawan, A., & Hadi, S. (2024). Realitas Pengaruh Penggunaan Teknologi Augmented
Reality dalam Pembelajaran terhadap Pemahaman Konsep Siswa. Jurnal Simki
Pedagogia, 7(1), 328-340.

Herlanti, Y., Mardiati, Y., Rahmawati, R., Putri, A. M. K., Jamil, N., Miftahuzzakiyah,
M., Sofyan, A., Zulfiani, Z., & Sugiarti, S. (2019). Finding learning strategy in
improving science literacy. Jurnal Penelitian Dan Pembelajaran IPA, 5(1), 59-71.

Isatunada, A., Indriyani, S., & Dewi, N. R. (2023). Peningkatan Keterampilan Berpikir
Kritis Peserta Didik melalui Model Problem Based Learning Berbantuan Augmented
Reality. Proceeding Seminar Nasional IPA.

Khamhaengpol, A., Sriprom, M., & Chuamchaitrakool, P. (2021). Development of
STEAM activity on nanotechnology to determine basic science process skills and
engineering design process for high school students. Thinking Skills and Creativity,
39, 100796.

Koksal, E. A., & Berberoglu, G. (2014). The effect of guided-inquiry instruction on 6th
grade Turkish students' achievement, science process skills, and attitudes toward
science. International Journal of Science Education, 36(1), 66—78.

Komala, T. R., Nurlaelah, I., & Setiawati, I. (2017). Peningkatan Kemampuan Penalaran
Siswa Melalui Model Problem Based Learning (PBL) Ditinjau Dari Kemampuan
Akademik Di SMA. Quagga: Jurnal Pendidikan Dan Biologi, 9(01).

Mayer, R. E. (2002). Cognitive Theory and The Design of Multimedia Instruction: An
Example of The Two-Way street between cognition and nstruction. New Directions
for Teaching and Learning, 2002(89), 55-71.

Mashami, R. A., Khaeruman, K., & Ahmadi, A. (2021). Pengembangan modul
pembelajaran kontekstual terintegrasi augmented reality untuk meningkatkan
keterampilan berpikir kritis siswa. Hydrogen: Jurnal Kependidikan Kimia, 9(2), 67—
7.

Nugroho, W. D. (2023). Evaluasi Usabilitas Penggunaan Platform Metaverse Dengan
Virtual Reality Menggunakan Metode Use (Usefulness, Satisfaction, Dan Ease Of
Use)(Studi Kasus: Penyelenggaraan Acara Mice) (Doctoral dissertation, Universitas
Atma Jaya Yogyakarta). https://e-journal.uajy.ac.id/29868/.

McGlynn, A. (2024). Educating for intellectual virtue in a vicious world. Inquiry, 67(2),
784-797.

Oktaviyanti, R., Fatmahanik, U., & Fadly, W. (2023). Pengembangan Bahan Ajar Berbasis
STEM dengan Memanfaatkan Augmented Reality dalam Meningkatkan
Kemampuan Berpikir Kritis. Jurnal Tadris IPA Indonesia, 3(3), 303-314.

©2024 Science Education Association (Thailand). This article is licensed under CC BY-NC-ND 4.0.



https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en

96

Punggeti, R. N., Rukmini, A., & Intes, A. (2024). The Use of ICT as a Resource and Media
for Modern 21st Century Learning in Primary Schools. JILTECH: Journal
International of Lingua & Technology, 3(1).

Rahmawati, Y., Ridwan, A., Hadinugrahaningsih, T., & Soeprijanto. (2019). Developing
critical and creative thinking skills through STEAM integration in chemistry
learning. Journal of Physics: Conference Series, 1156, 12033.

Rosania, R. A., Ibrohim, I., & Handayani, N. (2023). Improvement of critical thinking
skills and cognitive learning outcomes through guided inquiry learning models. AIP
Conference Proceedings, 2569(1).

Sugiyono, D. (2013). Metode penelitian pendidikan pendekatan kuantitatif, kualitatif dan
R&D.

Surayya, L., Subagia, I. W., & Tika, I. N. (2014). Pengaruh model pembelajaran think pair
share terhadap hasil belajar IPA ditinjau dari keterampilan berpikir Kkritis
siswa. Jurnal Pendidikan dan Pembelajaran IPA Indonesia, 4(1).

Thornhill-Miller, B., Camarda, A., Mercier, M., Burkhardt, J.-M., Morisseau, T.,
Bourgeois-Bougrine, S., Vinchon, F., El Hayek, S., Augereau-Landais, M., &
Mourey, F. (2023). Creativity, Critical Thinking, Communication, and
Collaboration: Assessment, Certification, and Promotion of 21st Century Skills for
the Future of Work and Education. Journal of Intelligence, 11(3), 54.

Wen, Y., Wu, L., He, S, Ng, N. H.-E., Teo, B. C., Looi, C. K., & Cai, Y. (2023).
Integrating augmented reality into inquiry-based learning approach in primary
science classrooms. Educational Technology Research and Development, 71(4),
1631-1651.

Zuniari, N. 1., Ridlo, Z. R., Wahyuni, S., Ulfa, E. M., & Dharmawan, M. K. S. (2022). The
effectiveness of implementation learning media based on augmented reality in
elementary school in improving critical thinking skills in solar system course.
Journal of Physics: Conference Series, 2392(1), 12010.

©2024 Science Education Association (Thailand). This article is licensed under CC BY-NC-ND 4.0.



https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en

97

5%
International Journal of Science Education and Teaching /;ﬂyf
Vol. 3, No. 3, pp. 97 - 112, Sep. — Dec. 2024 ‘g’l’;ﬁ

http://doi.org/10.14456/ijset.2024.9

Incorporating Computational Thinking in
Mathematics through Block-Based Programming:
Effects on Students’ Problem-Solving Skills

lan Cesar P. Balacuit’’, Amelia T. Buan?, Joneil B. Medina?, Alexis Michael B. Oledan'
Mindanao State University — Iligan Institute of Technology, 9200 Iligan City,
Mindanao, Philippines
*Email: iancesar.balacuit@g.msuiit.edu.ph

Received: 15 October 2024; Revised: 11 November 2024; Accepted: 12 November 2024 2024

Abstract. Computational thinking is considered a fundamental skill in the 21st century.
It is a vital skill for students to empower their problem-solving skills through the growing
presence of computer technology. As a result, this study utilized the Research and
Development method with a Backward Curriculum design to develop Block-Based
Programming-Integrated Mathematics Problem-Solving activities that aimed to incorporate
computational thinking in block-based programming with mathematics learning
competencies. The activities were implemented on Grade 7 students to investigate their
problem-solving and computational thinking skills. Results suggest that the students
generally exhibited the characteristics of problem-solving and computational thinking skills
during the implementation. In addition, they also acquired some improvements. For
students’ problem-solving skills, the improvements were marked by their acquired ability to
1) establish goals in problem understanding, 2) provide mathematical reasoning in solution
planning, 3) draw on the application of mathematics concepts in solution execution, and 4)
debug program errors in monitoring and evaluation. On the other hand, students’
computational thinking improvements were highlighted by their learned ability to 1) apply
a rules-based and systematic approach in problem-solving for algorithmic thinking and 2)
utilize patterns in generalizing solutions for pattern recognition. Based on the results, it can
be concluded that the activities helped the students develop their problem-solving and
computational thinking skills.

Keywords: Block-based Programming, Block-based Programming - Integrated
Mathematics Problem-Solving, Computational Thinking Skill, Problem-
Solving Skill

INTRODUCTION

Problem-solving (PS) is considered one of the central activities in most educational
curricula in the modern era (Ozpinar & Arslan, 2023). Researchers have seen this skill as
significant to students because of its applicability to real life. Consequently, developing
PS skills has been a goal of many educational programs, including the Philippine K-12
Mathematics curriculum (DepEd, 2012).

One strategy for improving the PS skills of students is to introduce Computational
Thinking (CT) in the curriculum (Prsala, 2024). CT, which gained prominence in 21st-
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century education, was first suggested by Wing (2006) to involve “solving problems,
designing systems, and understanding human behavior by drawing on the concept
fundamental to computer science.” This skill enables students to practice PS by employing
computer-related concepts and approaches, i.e., through representation, abstraction,
decomposition, simulation, verification, and innovation (Sengupta et al., 2018). These
components also cater to the PS framework in mathematics proposed by Fraillon et al.
(2019), who argue that PS includes analyzing the problem, developing an algorithm, and
testing. With this, studies have demonstrated a strong link between CT and PS (e.g., Bati
et al., 2018; Israel-Fishelson & Hershkovitz, 2022), and a high CT skill is shown to add
confidence to students’ PS skills (Wei et al., 2021).

Researchers agree that CT development should focus on guiding students to obtain an
appropriate understanding of problems and their solutions with the help of computing and
computers (Hurt et al., 2023). The advent of computers implies that CT is essential in
fostering students’ PS skills (Lin et al., 2021). In an era where technology is an integral
part of learning, Jocius et al. (2021) assert that every student should learn CT skills and
that the need to introduce it to the K-12 mathematics curriculum arises (Ye et al., 2023).

Meanwhile, programming has been agreed to explicitly teach CT, including its core
concepts (Basogain et al., 2018). Programming includes writing, testing, debugging, and
maintaining codes, a necessary skill set to foster CT among students (Harimurti, 2019).
Computer programming is a mutual strategy for developing CT and other essential skills
such as PS and communication (Yusoff et al., 2020). With this, researchers support
pedagogies allowing all learners, regardless of grade level, to learn programming (Zeng et
al., 2023).

A crucial issue of learning CT through programming, especially among students
outside computer science, is its complexity and the burden of following the correct syntax
in writing codes (Bala, 2021). As a result, researchers suggest the use of Block-based
Programming (BBP) language in engaging K-12 students with programming activities to
facilitate CT (e.g., Brennan & Resnick, 2012; Yu et al., 2024). Lye and Koh (2014) claim
that BBP language is suitable for incorporating CT in programming contexts in K-12
education since it better facilitates the three dimensions, including CT concepts, practices,
and perspectives.

Several studies have already investigated the effects of engaging students in BBP
language programming activities. For instance, recent studies reveal that introducing BBP
activities to the K-12 context improves students’ CT skills (e.g., Totan & Korucu, 2023;
Kastner-Hauler et al., 2022). Additionally, studies conducted by Durak (2018) and Kwon
& Cheon (2019) show empirical evidence of how BBP fosters students’ PS skills.

For these reasons, there is an evident need to incorporate CT through BBP with K-12
learning competencies to foster PS skill development. However, the search for pedagogies
that would introduce CT for programming through BBP in Philippine K-12 mathematics
education continues. There is still limited attempt to introduce CT concepts formally
within the context of the mathematics curriculum. This current state is even though PS is
one of the twin goals set in the Department of Education’s (DepEd) K-12 mathematics
education framework. Therefore, this study was conducted to develop PS activities that
incorporate CT through BBP within K-12 mathematics education.

RESEARCH OBJECTIVES

CT as a PS approach allows students to create or use technology to solve problems
(McClelland & Grata, 2018). Teaching CT empowers students’ PS skills by allowing them
to maximize the presence of computer technology. Researchers agree that integrating BBP
in K-12 education fosters students’ CT and PS skills development (e.g., Hickmott et al.,
2018; De Chenne & Lockwood, 2022).
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However, in the Philippine setting, introducing BBP in K-12 education is still in its
infancy, particularly in mathematics. Therefore, this study developed PS activities
incorporating CT in BBP into mathematics learning competencies and used these activities
to investigate students’ PS and CT skills. Specifically, it sought to:

a) Develop Block-based programming—integrated Mathematics problem-solving
(BBP-IMPS) activities; and
b) Investigate students’ PS and CT skills as they do the BBP—IMPS activities.

METHODOLOGY

This study adopted the research and development (R&D) method of Borg & Gall
(1983) in developing BBP-IMPS activities. The R&D approach was utilized to support a
systematic and iterative process of analyzing, designing, testing, and refining activities
that improved the reliability of the developed intervention. The reasoning is anchored on
Gay et al.'s (2012) claim that the purpose of R&D is to develop effective products for use
in schools.

Alongside R&D, the principles of Backward curriculum design were followed to
ensure that each component of the BBP-IMPS activities is aligned with the desired
learning outcomes (Wiggins & McTighe, 2011). Defining the learning outcomes right at
the beginning of the process enhanced the coherence of activities. The principle facilitated
the alignment of objectives, strategies, and assessments with the competencies in Grade 7
mathematics and concepts in CT.

Participants and Data Collection

This study was conducted online with six Grade 7 students from one of the schools in
Dumingag, Zamboanga del Sur, Philippines. The participants were purposively selected
based on their capacity to participate in online learning. None of the participants had any
experience in programming activities. This criterion ensured that the BBP-IMPS activities
fostered PS and CT skills without relying on prior knowledge.

This study lasted two weeks and was implemented using a synchronous learning
modality with Google Meet as the online platform. Throughout the implementation, the
researcher recorded all events, including student-to-student interactions and student-to-
teacher interactions, using Open Broadcaster Software (OBS). Writing prompts were
prepared so that students could write down their thought processes for every activity. The
student participants were divided into three pairs for the entire implementation. In
addition, three experts evaluated students' PS and CT using observation checklists.

Data Analysis

The study's sample size is a notable limitation that could influence the generalizability
of its findings. To address this, the study employed data triangulation from multiple
sources to include both quantitative and qualitative data. Triangulation was done to
validate patterns across different data sources. The quantitative data was obtained through
experts' ratings on students' PS and CT using the checklists reported using mode.

On the other hand, qualitative data included recordings of students' conversations and
interactions, researchers' observations, and writing prompts that elicited students' thought
processes as they did every activity. An in-depth narrative analysis supported the
quantitative findings for students' PS and CT skills. Moreover, the analysis was reviewed
by an expert to ensure reliability.

Process of the Development of the BBP-IMPS Activities

The development of BBP-IMPS activities followed Borg and Gall's research and
development method as recommended by Daulay and Zaman (2012). The R&D method
suggested six steps: research and information collection, planning, development of a
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preliminary product, preliminary testing, revising, and field testing. In the development
process, backward curriculum design was embedded in the R&D method. Figure 1
presents a diagram of the development process.

Research and Information : Developing Preliminary
Collection Plannmg Product
Identification and Mapping of CT
and K-12 Mathe?r?atigcs Development of Writing of the Unit Plan and
; > A tTools [|  the BBP-IMPS Activiti —
Competencies Ssessmen e ctivities
Field Testing Revising Preliminary Testing
Field Testing of a portion of Revisions based on Evaluation and Try-out of
the BBP-IMPS Activities <4 Evaluationand Try-out (€= the BBP-IMPS Activities [€

Figure 1: Process of the Development of the BBP-IMPS Activities

Identification and Mapping of K-12 Mathematics Competencies CT Concept and Skills

Identifying learning competencies in Mathematics and CT concepts was an essential
step in ensuring an efficient integration of programming activities in Mathematics. As a
result of the literature review, the researchers identified competencies from the Philippine
Mathematics K-12 curriculum guide under the content area of Geometry. The chosen
competencies were: (44) classify the different kinds of angles and (51) construct triangles,
squares, rectangles, regular pentagons, and hexagons. The researchers also identified CT
concepts based on the framework of Brennan and Resnick (2012), namely sequence,
events, loops, variables, and operators. The CT concepts were mapped with Mathematics
learning competencies. In addition, cornerstones of CT including decomposition,
algorithmic thinking, and pattern recognition, were also considered by the researchers in
the mapping. Table 1 presents the mapping of competencies for the developed BBP-IMPS
activities.

TABLE 1. Mapping of Mathematics and CT Concepts and Skills
Act Mathematics Learning CT

Topic # Competency Concept CT Skill
. 1 classify the different kinds ~ Sequence;  Decomposition;
Basic of angles Events Algorithmic Thinking
Geometric . . L
Concept 9 construct triangles and L0oDS Algorithmic Thinking;
squares P Pattern Recognition
Polygons g  construct regular pentagon, Variables;  Decomposition;
hexagons, etc. Operators  Pattern Recognition

Development of Assessment Tool

In determining assessment tools for assessing students' output, the researchers
determined characteristics from related literature to be included in the PS Skill
Observation Checklist and CT Skill Observation Checklist. The checklists' contents were
validated based on the results of the field testing conducted. The two checklists have an
inter-rater reliability of 87% and 82%, respectively.
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Writing of the Unit Plan and the BBP-IMPS Activities

A significant consideration in writing the unit plan and the BBP-IMPS activities was
the basic information of Grade 7 students. In designing the unit plan, the researchers
adopted an established unit planning template from Intel Education's Designing Effective
Project resource (2011). The researchers determined the targeted standards of the learning
unit and the essential questions that guided the entire unit. The unit plan design allowed
the students to construct a regular program generator with game-like elements as their final
output. The design was rooted in the principle of game-design-based learning.

On the other hand, in writing the BBP-IMPS activities, the researchers adapted a
framework from the Programme for International Student Assessments (PISA) for PS,
which are composed of five components: namely, 1) problem recognition; 2) problem
understanding and establishment; 3) solution planning; 4) execution of solution; and 5)
monitoring and evaluation (2013). Three (3) BBP-IMPS activities were written by the
researchers, with each activity composing three main parts: Exploration, Challenge, and
Generalization. Exploration includes activities that allow learners to explore the language
of Scratch and Mathematics concepts anchored on Lye & Koh's suggestion (2014). The
Challenge part presents the PS task related to Mathematics that the learners must solve by
applying the CT and mathematics concepts they have explored in the previous part.

Evaluation of the Unit Plan Design and the Developed BBP-IMPS Activities

The panel of evaluators rated the unit plan using the Unit Planning Rubric (Intel
Education, 2011). The unit plan design was rated according to its Targeted Standard,
Curriculum Framing Questions, Assessment Plan, and Procedures with excellent,
satisfactory, below satisfactory, and poor scales. Based on the mean rating, the unit plan
was rated “Excellent” in terms of its adherence to the four categories, namely targeted
standards (X = 3.67, SD = 0.33), curriculum framing questions (X = 3.89, SD = 0.19),
assessment plan (X = 3.67, SD = 0.58), and procedures (X = 3.78, SD = 0.38). The
grand mean rating (X = 3.75, SD = 0.35) of the unit plan evaluation implies that the unit
plan only needs minor revisions based on the evaluators’ suggestions.

On the other hand, the panel of evaluators rated the developed BBP-IMPS activities
based on their potential to support the characteristics of five skills: Problem Recognition,
Problem Understanding, Solution Planning, Execution of Solution, and Monitoring and
Evaluation. The evaluation suggests that all BBP-IMPS activities had the potential to
support the development of the five skills as seen in the rating for the BBP-IMPS Activity
1 (X =1.95,SD = 0.12), Activity 2 (X = 1.94, SD = 0.14), and Activity 3 (X = 1.94,
SD = 0.12). Furthermore, the grand mean rating of the evaluation X = 1.94 (SD = 0.04)
implies that the characteristics of PS activity are observable in all the developed BBP-
IMPS activities.

Try-out and Revisions of the BBP-IMPS Activities

The developed BBP-IMPS activities were subjected to a try-out to determine their
appropriateness and acceptability concerning the target respondents. It was also conducted
to find the aspects of the activities that need possible improvement. During the try-out, the
performances of the student participants were carefully observed. The difficulties they
encountered throughout the try-out were noted and became the basis of improvement. The
researchers, with two mathematics field teachers, observed students’ performance during
the try-out.

Meanwhile, the BBP-IMPS activities were revised based on the tryout results.
Students’ responses and interactions, observers’ observations, and researchers’
observations during the tryout were processed and became the basis for revising the BBP-
IMPS activities.
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RESULTS AND DISCUSSION
Students’ PS Process During the Field Testing of BBP-IMPS activities

The developed activities were subjected to field testing to determine the actual PS
process of students doing the BBP-IMPS activities. The field testing significantly
validated the developed PS and CT Skills Observation Checklists. It was conducted with
a different set of Grade 7 students. Figure 2 shows a diagram of the actual PS process of
students during the activity try-out.

v I
Problem Solution Planning Solution Monitoring

Understanding e Explore Scratch Execution and

o Identify key or Math-related e Organize plan Evaluation
elements concept o Apply ¢ Reflect

e Establish goal e Generate mathematical solution

e Identify —> poter_mal solution | concept —>|  Debug
Scratch-related ¢ Provide math .
concept reason o Test solution errors

t |

FIGURE 2. Actual PS Process of Students in the Field Testing

In the activities, students display their skill in understanding the problem by identifying
its essential elements. Their ability to identify the material elements in solving the problem
led them to establish goals that guided them in their solution planning. In planning,
students started to generate potential solutions by determining possible code block
arrangements in their coding screens (Cakiroglu & Mumcu, 2020). In this stage, they
explored the Scratch concept to deepen their understanding of the functions of each code
block. The understanding they acquired in their exploration was used to support the
rationale of their plans. Hence, how the students provided mathematical reasoning in their
plans was based on their exploration (Bouck & Yadav, 2020).

In organizing their plans, students drew on the application of geometric concepts.
Students attempted to develop algorithms by following mathematical rules, a
characterization of algorithmic thinking (Dagiene et al., 2017). Moreover, testing solution
plans to validate the correctness of their solutions was a significant aspect of their PS
process. It was also done to determine errors in their program codes.

Meanwhile, students evaluated and monitored program solutions after running their
respective programs. At this stage, reflection on their solution was observable during the
process. This is a crucial stage in their PS process as it led them to reflect on the possible
reasons for their errors so that they could proceed to iterate their process (Kim et al., 2018).

Students’ PS Skill During the Implementation of the BBP-IMPS Activities

After analyzing students’ processes and program codes, the researchers identified
students who displayed variations in constructing their program solutions across activities.
Hence, this study's findings intend to present two cases of PS and CT development. Case
1 and Case 2 represent the pairs of students whose produced program codes display
consistent variations across implemented BBP-IMPS activities.

Problem Understanding Skill

Table 2 summarizes the ratings obtained for students’ problem understanding skills in
all implemented activities. It can be observed that identifying key elements of the problem
and identifying Scratch-related concepts are the two characteristics consistently observed
from students in both cases across all activities. This finding is consistent with Oliveri et
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al.’s (2017) proposition that in solving problems, students start by defining the problem
through identifying its central elements. An example of students’ interactions reflecting
these characteristics in solving problem understanding says, “[S1] We can use go to [block]
here since it can create a slanted line without the need to turn its [sprite’s] direction.”

TABLE 2. Summary of Ratings for Problem Understanding Skill

. Act 1l Act 2 Act 3
Problem Understanding Mode Mode Mode
CASE 1
Identify key elements 1 1 1
Establish goal 0 0 1
Identify Scratch related concept 1 1 1
CASE 2
Identify key elements 1 1
Establish goal 1 0
Identify Scratch related concept 1 1 1

Note: The data in the table follows the description: 0- Not Observed and 1- Observed.

In Case 1, students did not engage in goal establishment, at least for the first and second
activities; however, they learned to display the skill in the final activity. The improvement
was evident when S; suggested, “Let’s improve this one; let us use this slider-slider
[referring to variable] and operator. But let us put base from our output [in Activity 2].”
This suggestion reflected S;1’s desire to enhance their previous code in solving Activity 3
by integrating the CT concept variable.

On the other hand, students in Case 2 engaged in goal establishment in their initial and
final activity; however, they did not exhibit the subskill in the second activity. This
instance where Case 2 tends to disregard goal establishment in the process of
understanding the problem is a potential consequence of their developed familiarity with
the problem, as evident in S4’s statement, “It seems to resemble [the problem] in the
previous activity. Let us try solving this one.” Congruent to Priemer et al.’s (2019) claim,
developing familiarity with the problem situation directs students’ solutions despite being
unable to set goals explicitly.

Hence, Case 2 sustained their problem-understanding skills, while Case 1 improved
them, manifesting in their learned ability to establish clear PS goals. Problem
understanding is essential to their PS skill development as it helps them formulate their
plans more effectively (Wei et al., 2021). As a result, both cases displayed more fluency
in planning Activity 3 compared to the previous activities, given their established goal.
This finding highlights the significance of establishing goals to pursue efficient planning
within programming-related problems (Chao, 2016).

Solution Planning Skill

Table 3 summarizes the ratings obtained for the students’ solution planning skills in all
three activities. Students generally generated potential solutions by planning the
arrangement of code blocks. In doing so, they were focused on determining the sequence
of their program. An example of how students generate their program solution is
exemplified by Ss saying, “Just place [turn after turn] lines, only two of them. That’s good.
Then, place them inside repeat [block]. Then insert [wait time].”
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TABLE 3. Summary of Rating for Solution Planning Skill

Solution Planning Act 1 Act 2 Act 3
Mode Mode Mode

CASE 1

Explore Math or Scratch Concept 1 1 1

Generate potential solution 1 1 1

Provide mathematical reasoning 0 1 1

CASE 2

Explore Math or Scratch Concept 1 1 1

Generate potential solution 1 1 1

Provide mathematical reasoning 0 0 1

Note: The data in the table follows the description: 0- Not Observed and 1- Observed.

However, it can be noticed that the students failed to provide mathematical reasoning
when planning the first activity. This indicates they lack understanding of the
mathematical foundations of their plans during this activity. This further led them to use a
trial-and-error strategy to build their program solution. Nevertheless, both cases are
already engaged in mathematical reasoning in their final activity. As a result, students
already generated their plans based on mathematical rules. It eventually increased the
efficiency of their solution process since it lessened their reliance on the trial-and-error
method. The finding implies that solutions are more systematic when plans are supported
with math-informed reasoning (Cui et al., 2023).

The significance of providing mathematical reasons in planning can be emphasized in
the second activity, where this characteristic was observed by students in Case 1 but not
in Case 2. In this activity, Case 1 planned fluently and developed a systematic approach to
solving the problem more than Case 2. This claim was evident in how well students in
Case 1 organized their solution in creating a program that draws a square.

In general, both cases show improvement in solution planning skills. The improvement
is marked by students’ learned ability to provide mathematical reasons for their plans,
particularly in the final activity. The ability allowed them to construct solid plans and
helped them increase the efficiency of their solution processes (Cakiroglu & Mumcu,
2020). This conclusion parallels the claim that engaging in mathematical reasoning
increases success in solving math-related problems (Ayal et al., 2016).

Solution Execution Skill

Table 4 displays the summary of ratings obtained for the students in terms of solution
execution skills across activities. Students tend to execute their solutions by organizing
what has been discussed among their pairs during the planning stage. They organized the
arrangement of the code blocks they had planned and applied the things they had learned
during their explorations.

Testing every solution was also integral to the students’ PS process, as this was
consistently observed from the students’ processes across all activities. An example of this
claim is reflected when S, said, “What was it [discussed during planning]? Reduce the
size of [sprite]. Then, place the [sprite] here and then “go to” here. Next is pen, erase all,
repeat [block], and move. Then wait [block] and turn left [block]. Let us see!” The
statement reflects how students test the solutions they have conceived in the planning
stage.

Meanwhile, both cases vary their solution execution skills regarding how they apply
mathematical concepts in their solutions. While Case 1 was consistent in drawing the
application of math concepts in their solutions, Case 2 did not apply them in their solution
for the first two activities. This instance can be traced back to the latter failing to support
their plans with mathematical reasoning during these activities. As a result, their solution
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process tends to characterize a trial-and-error strategy rather than an application of
mathematical rules (Sumartini, 2018). This further affected the success of their solution,
particularly in the first activity, where their final program did not draw a perfect match
with the figure they were tasked to construct.

TABLE 4. Summary of Rating for Solution Execution SKill

Solution E " Actl Act 2 Act 3
olution Execution Mode Mode Mode

CASE 1

Organize argument or plans 1 1 1

Apply mathematical concept 1 1 1

Test solution plan 1 1 1

CASE 2

Organize argument or plans 1 1 1

Apply mathematical concept 0 0 1

Test solution plan 1 1 1

Note: The data in the table follows the description: 0- Not Observed and 1- Observed.

Therefore, data supports that for Case 1, students sustained their skill in solution
execution across activities. On the other hand, students in Case 2 improved the said skill,
as revealed by how they improved their solution process from the initial to their final
activity. The improvement is highlighted by how Case 2 learned to apply mathematical
concepts in executing their solution plan. This helped students enhance the fluency and
accuracy of their program code (Ran, et al., 2020). It is said that PS skills in the integrated
math and programming domain must include the ability to apply mathematical concepts
efficiently (Lu & Fletcher, 2009).

Monitoring and Evaluation Skill

Table 5 summarizes the ratings obtained for students' monitoring and evaluation skills.
Regarding reflecting program solutions, both cases consistently exhibited the said
characteristic across all activities. Reflection allowed the students to evaluate the
correctness of their solutions. It also helped them identify errors in their programs so that
they could be susceptible to fixing (Angeli et al., 2016).

TABLE 5. Summary of Rating for Monitoring and Evaluation Skill

.. . Act 1 Act 2 Act 3
Monitoring and Evaluation Mode Mode Mode
CASE 1
Reflect solution 1 1 1
Test and debug program 1 1 1
CASE 2
Reflect solution 1 1 1
Test and debug program 0 1 1

Note: The data in the table follows the description: 0- Not Observed and 1- Observed.

It can be noticed that the subskill testing and debugging programs were not observable
in the first activity for students in Case 2. The inefficiency of Case 2 in debugging the
errors of their programs can be attributed to the fact that their planning and execution of
solutions need to be anchored on mathematical knowledge. As evidence, their output in
the first activity did not accurately match the figure presented in their worksheets.
Nevertheless, debugging was already observable in Case 2 during the second and third
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activities, as evident in the statement "[S3] We need only to adjust this [variable slider] S4
so that we do not need to deal with other blocks. We'll find ways on how to deal with it."
This is an essential aspect of students' monitoring and evaluation skills since it allows them
to enhance accuracy and maximize their program solutions (Bocconi et al., 2016).

Meanwhile, for Case 1, the students sustain all characteristics of monitoring and
evaluating skills across activities. This is essential to their PS skill development, enabling
them to revisit program codes to construct a more refined solution (NRC, 2013).

Students’ CT Skill During the Implementation of the BBP-IMPS Activities

In this study, students’ CT skills were measured in terms of their decomposition,
algorithmic thinking, and pattern recognition skills, which are the three cornerstones
addressed in mapping CT and mathematics learning competencies. Hence, the
investigation of CT skills was limited to these three cornerstones.

Decomposition Skill
Table 6 summarizes the ratings obtained for students’ decomposition skills across

activities. In both cases, students sustained their decomposition skills across activities.

TABLE 6. Summary of Rating for Decomposition Skill

Decomposition Act 1 Act 3
Mode Mode

CASE 1

Make decisions about dividing a task into subtasks with 1 1

integration in mind,

Sort subtasks into categories and place them in structured 1 1

order

Think solution of problem in terms of its components 1 1

CASE 2

Make decisions about dividing a task into subtasks with 1 1

integration in mind

Sort subtasks into categories and place them in structured 1 1

order

Think solution of the problem in terms of its components 1 1

Note: The data in the table follows the description: 0- Not Observed and 1- Observed.

Students focused their PS processes on determining parts of the figure tasks and
constructed program codes for each identified part. As evidence, some interactions are
presented below:

“[S1] I've already made one point, then move 10 steps. Now, | have already two
points. You can help me in solving the last parz...we can address this angle.”
“[Ss] Let’s address this one first. Let’s put base code first [referring to previous
work] before we proceed to integrate slider-slider [referring to variable block].
Then, let’s deal with this one [referring to operator].”

From the statements above, it can be observed how students determined subparts of the
problem, which they addressed separately to solve the whole problem. It can also be
observed that students sorted the determined subparts in terms of priorities. According to
Andrian & Hikmawan (2021), this technique is an essential aspect of decomposition,
which helps students abstract a whole problem.

Thus, in both cases, students managed to exhibit all characteristics essential in problem
decomposition. This implies that they banked on the strategy of addressing an entire
problem task in terms of its material subparts (Durak, 2018). Such a strategy allowed them
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to create program solutions more manageably, which is a crucial cognitive strategy in
constructing program codes (Kwon & Cheon, 2019).

Algorithmic Thinking Skill

Table 7 summarizes ratings obtained for students' algorithmic thinking skills across
activities. In solving Activities 1 and 2, students arranged the code blocks needed in the
program following the sequence displayed by the sprite's movement in the problem tasks.
Thus, the fourth characteristic of algorithmic thinking was observable in both cases across
activities. Sentance & Czismadia (2016) considered this aspect of algorithmic thinking
crucial in enhancing students' PS skills.

TABLE 7. Summary of Rating for Algorithmic Thinking Skill

o I Act 1 Act 2
Algorithmic Thinking Mode Mode
CASE 1
Think in terms of sequence 1 1
Think and solve problems in terms of rules 0 1
Develop a systematic solution to the problem 0 1
Identify steps that can be communicated as instructions, 1 1
codes or programs to other people or to computing devices
CASE 2
Think in terms of sequence 1 1
Think and solve problems in terms of rules 0 0
Develop a systematic solution to the problem 0 1
Identify steps that can be communicated as instructions, 1 1

codes or programs to other people or to computing devices
Note: The data in the table follows the description: 0- Not Observed and 1- Observed.

In both cases, students did not devise their program solution based on mathematical
rules in Activity 1. In effect, students' solutions were not systematic. It means that they
resorted more to exploring different possible arrangements of code blocks. However, in
Activity 2, Case 1 already exhibited the subskill thinking solutions based on rules. As a
result, they exhibited systematic thinking when planning the solution. This finding can be
confirmed by how S; explained their solution:

“First is we arrange the code blocks in right sequence. For example, we determine
first point [referring to the starting point of the sprite]. Second, we determine
direction of the sprite so that it moves in that specific direction. Then, we insert
erase all and then pen down for drawing purposes. Then, we put wait [time] before
moving 100 steps. The 100-step movement will determine the length of the sides
of our square. Then we put 90 degrees for turn [block] so that it forms a specific
angle for square. Then, we utilize repeat block to repeat the process four times,
and eventually make a square.”

On the other hand, students in Case 2 were able to develop systematic solutions for the
problem in Activity 2; however, rules-based thinking is still not observable. This can be
attributed to the fact that they did not apply mathematical concepts in executing their
solution (Zeng et al., 2023).

Students in both cases still showed improvement in terms of algorithmic thinking skills
across activities. For Case 1, the improvement is emphasized by how students learned to
apply rules-based thinking and develop systematic solutions to the problem. Case 2's
improvement is marked by how students learned to develop systematic solutions to a
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problem. Such improvement plays a very crucial role in students' algorithmic thinking
skills as it reflects systematic thinking in their solutions (Dogan, 2020).
Pattern Recognition Skill

Table 8 presents the ratings for students’ pattern recognition skills. Students from both
cases exhibited the first and third characteristics essential to pattern recognition across
activities. It means that students identified patterns and similarities and used this technique
to represent a sequence of codes in the process (Taylor, 2018). For instance, both cases
determine the significance of using repeat blocks in their program codes. This recognition
of patterns allowed the students to predict the next set of code blocks needed to continue
the correct movement of the sprite.

TABLE 8. Summary of Rating for Pattern Recognition Skill

. Act 2 Act 3
Pattern Recognition Mode Mode
CASE 1
Identify patterns and similarities between problems or sub- 1 1
problems
Utilize general solution 1 1
Use patterns to describe and represent sequences in data or 1 1
process
Make predictions based on arrangement and relationship 1 1
between parts
CASE 2
Identify patterns and similarities between problems or sub- 1 1
problems
Utilize general solution 0 1
Use patterns to describe and represent sequences in data or 1 1
process
Make predictions based on arrangement and relationship 0 1

between parts

Note: The data in the table follows the description: 0- Not Observed and 1- Observed.

In doing Activity 2, students in Case 2 failed to recognize the patterns existing in their
program solution. This prevented them from generalizing their solution using the repeat
block, resulting in a lengthy code (NRC, 2013). On the other hand, students in Case 1
immediately identified patterns in their code as reflected in S1’s statement, “Didn 't we
repeat the same blocks four times in creating square? Then we repeat the same set of
blocks three times for triangle. Can we use slider (variable block) so that the motion of the
sprite be just repeated?” The statement reflects an intent to utilize the repeat block in
generalizing the patterns existing in their solution, resulting in the utilization of a shorter
code.

In Activity 3, students from both cases exhibited all characteristics essential to pattern
recognition. However, what is notable is Case 2’s development, which finally utilizes
patterns in generalizing their solution using the repeat block. This eventually allowed them
to predict the sprite’s movement whenever they changed the value of the repeat block
(Kalelioglu & Giilbahar, 2014).

The findings suggest that students in Case 1 sustained their pattern recognition skills
across activities. The findings also reveal that students in Case 2 improved pattern
recognition skills, manifested in how they learned to utilize patterns to build generalized
solutions. The improvement shown in Case 2 highlights the significance of pattern
recognition in building quick solutions to problems (Dazgupta & Purzer, 2016).
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CONCLUSION AND RECOMMENDATIONS

This study demonstrates the potential of BBP-IMPS activities in incorporating CT
effectively within the Grade 7 mathematics education curriculum. Following the research
and development model and guided by backward curriculum design principles, the
developed activities align block-based programming with mathematics competencies,
providing students with opportunities to foster PS and CT skills through hands-on practice.
Field experts confirmed that the activities are suitable for meeting needs and standards in
mathematics education and are appropriate for classroom implementation. Observations
during the study revealed improvement in students' PS and CT skills over the three
activities. This finding supports the conclusion that the BBP-IMPS framework contributes
to achieving the goals of Philippine K-12 mathematics education.

Additionally, this study contributes to CT instruction, mathematics education, and
pedagogy. It proposes a concrete model for integrating CT into mathematics education
using BBP that can be adapted for K-12 contexts and is accessible to students without prior
programming experience. It also offers an outline of curriculum design that developers can
use as a foundation to infuse CT skills within the standards of the country's mathematics
education framework. It demonstrates how the integration of CT and mathematics fosters
PS while highlighting two relevant activities, i.e., (i) constructing CT outputs while
drawing on the concepts of mathematics and (ii) understanding mathematics concepts
while participating in CT activities.

Furthermore, this study recommends (1) investigating the effectiveness of BBP-IMPS
activities across different grade levels considering large sample size; (2) implementing
BBP-IMPS framework using other BBP language to establish its acceptability across
languages; (3) conducting longitudinal studies to examine the long-term impact of the
sustained use of BBP-IMPS activities on students' PS and CT skills; (4) explore alternative
assessments to obtain more comprehensive understanding of students' PS and CT skills;
and (5) explore on professional development programs focused on integrating BBP into
DepEd's K-12 mathematics curriculum.
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Abstract. This study aimed to investigate the students’ performance in science caused by their
interest in science and their demographic profile indicated by sex, parents’ highest educational
attainment, family income, and availability of gadget in a modular learning setting. An interest
survey questionnaire which was developed and validated by the researcher and a demographic
profile survey were administered to 122 grade 10 students of RPMD National Science High School,
Marawi City, Philippines in the first month of the school year 2021-2022. The students were exposed
to offline modular learning throughout the school year. The average final grade of the students at
the end of the school year served as their performance in science. To support the quantitative data,
in-depth interviews were conducted after the final grades became available. The quantitative data
were treated and analyzed using descriptive statistics, Pearson correlation coefficient, Chi-square
test, and Gamma test while the qualitative data were analyzed thematically. The findings of the study
revealed that the interest in science was significantly related to performance in science (r=.522,
p<.05, two tailed test). It also revealed that the sex was significantly associated with the interest in
science (}"2=7.149, p<.05, df=2) and the performance in science (}"2=8.57, p<.05, df=2) in favor
of girls. However, parents’ highest educational attainment, family income and availability of gadgets
were not associated significantly with both interest and performance in science. Meanwhile, the
qualitative data revealed that the higher the interest in science of the students, the greater the efforts
they exerted in studying the modules and the higher the performance obtained. The study’s
limitations include a small sample size, the lack of significant associations with parents’ education
and family income, and its focus on offline modular learning, which may not apply to other
educational contexts. Additionally, the timing of interviews after performance assessments may
have limited insights into how students’ interest developed. Practical implications suggest the need
for more engaging teaching strategies, gender-responsive policies, professional development for
modular learning, and further research to explore other factors influencing science performance.

Keywords: Science Interest, Science Performance, Modular Learning,
Demographic Factors, Marawi City Students
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INTRODUCTION

In this era of information technology, countries are in a race to advance their own
science and technology to cope with the rapid changes of the world. In fact, different
countries are investing efforts in the advancement of their own educational system in order
to prepare their young generation to compete on a global level by providing them with the
necessary knowledge and skills. In the Philippines, however, the education system
underperformed among peers in East Asia and the Pacific (Cordero, 2018) which can be
attributed to several factors such as the ineffective teaching-learning practices.

The ineffective teaching-learning practices resulted to the Filipino students’ poor
performance in many international assessment tests. For example, the 1999 Trends in
International Mathematics and Science Study (TIMSS) results revealed a very dismal
performance in science where it ranked 36th out of the 38 participating countries. In 2003
TIMSS, it landed 43rd out of 46 participating countries (Raya, 2021). In 2019 TIMSS, the
country scored lowest among 58 participating countries in both mathematics and science
(Magsambol, 2020). Similarly, the 2018 Program for International Student Assessment
(PISA) result revealed that the Filipino students ranked second lowest in both mathematics
and science out of the 79 participating countries (San Juan, 2019). In the 2022 PISA, the
Philippines ranked second lowest among 81 participating countries (Malipot, 2023). The
consistent declining performance of Filipino students in science in the above international
assessments mirrored the degenerating academic performance of the students in the
classrooms which is alarming that needs immediate actions of all school stakeholders.
Students’ Performance in Science

Academic achievement is a critical aspect of education, reflecting the extent to which
students attain their educational goals and demonstrating their knowledge and skills over
time (Farooq et al., 2011). According to Narad and Abdullah (2016), academic
performance encompasses the knowledge acquired by students, evaluated by educators
within a specific timeframe. The significance of students' performance in subjects like
science and mathematics extends beyond individual achievement; it serves as a barometer
for a nation's socio-economic development. High performance in these areas is indicative
of a well-prepared workforce capable of driving economic growth and innovation (Ali et
al., 2013). Conversely, poor outcomes in these subjects may signal underlying issues
within the educational system and broader socio-economic challenges.

Research consistently identifies a range of factors influencing academic performance,
including teaching methodologies and demographic characteristics. Effective student-
centered teaching strategies have been shown to enhance engagement and understanding,
thereby improving academic outcomes (Ampaso, 2019; Pagayocan, 2018). Additionally,
demographic variables such as gender (Joseph et al., 2015; Kohlhass et al., 2010), parental
education levels (Edris et al., 2020; Abu Bakar et al., 2017), family income (Machebe et
al., 2017), and access to technology (Behnke et al., 2005 as cited in Collison, 2020)
significantly impact students' academic success. Understanding these factors is essential
for developing targeted interventions that can enhance educational outcomes across
diverse student populations.

Students’ Interest in Science

Student interest in learning science is a critical factor influencing academic
performance and engagement. Interest can be defined as the desire to be involved with and
explore a subject, which in the context of science education, reflects students' curiosity
and eagerness to learn about scientific concepts (Mappadang et al., 2022). Hidi (1990)
argues that interest acts as a cognitive resource that enhances learning outcomes, leading
to improved academic achievement. When students exhibit a high level of interest in
science, they are more likely to commit to studying the subject, which can also translate
into increased enrollment in STEM-related fields (Hulleman & Harackiewicz, 2009).
Thus, fostering a genuine interest in science among students is essential for their
educational development and future career paths.
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In addition to intrinsic interest, student-centered teaching strategies have been shown
to effectively enhance students' engagement and curiosity in science (Ampaso, 2019;
Pagayocan, 2018). Research indicates that various demographic factors also play a role in
shaping students' interest levels. For instance, studies have linked interest in science to
gender differences (Jia et al., 2020; Kang et al., 2018), parental educational attainment
(Hacieminoglu, 2015; Dabney et al., 2016; Halim et al., 2018), family income (Conel,
2021; Halim et al., 2018), and access to technology (Syaputri & Usman, 2019). These
factors can significantly impact how students engage with scientific content and their
overall academic performance. Understanding these influences is crucial for developing
effective educational strategies that promote sustained interest and achievement in science.
Modular Learning

Modular learning is an educational approach that organizes curriculum content into
self-contained units, allowing students to engage with material at their own pace. In the
Philippines, this modality has become essential during the COVID-19 pandemic,
facilitating continued education through printed self-learning modules (SLMs) and digital
resources (Cafiete & Potane, 2022). This method promotes self-directed learning, enabling
students to take responsibility for their education while receiving minimal direct
instruction from teachers (Roque, 2023). Key components of modular learning include
well-structured SLMs aligned with essential learning competencies, assessment tools, and
feedback mechanisms to monitor student progress (DepEd Order No. 012, s. 2020).
However, despite these components being in place, there is a significant gap in
understanding how effectively these modules are implemented and received by students.
Research indicates a need to explore how demographic factors—such as socio-economic
status and parental involvement—affect student engagement and performance in modular
learning settings (Mappadang et al., 2022).

Developing an effective modular learning program requires careful planning and
collaboration among educators and stakeholders. This includes creating high-quality
SLMs relevant to students' needs and ensuring that teachers are adequately trained to
facilitate this mode of instruction (Carfiete & Potane, 2022). Establishing robust feedback
mechanisms is essential for continuous improvement in teaching strategies and module
content. Despite significant efforts by the Department of Education (DepEd) to implement
modular learning effectively, challenges remain regarding teacher preparedness and
resource availability (Villar et al., 2022). Furthermore, there is a notable lack of empirical
studies exploring the lived experiences of students within this modality and how these
experiences influence their academic outcomes. Addressing these gaps is crucial for
enhancing the effectiveness of modular learning in the Philippines and ensuring it meets
the diverse needs of all learners.

Per literature review, there are very few studies that investigated both the performance
and interest of students in science in a modular learning setting specifically in Marawi
City. Previous studies conducted in nearby areas were focused on investigating the effects
of some teaching interventions on students’ interest and performance in science (e.g.
Ampaso, 2019; Pagayocan, 2018) and no attention has been given to explore the
relationship between the two variables--students’ interest and students’ performance in a
modular learning setting.

By exploring and understanding both performance and interest in science of students,
we can comprehend better how to address the waning performance in science as well as
how to enhance the deteriorating interest in science of the students. On the part of the
teachers, they can explore more student-centered teaching methods in their classrooms that
can ignite students’ interest that will lead to better performance. School administrators can
promote more engaging learning activities by capacitating the science teachers through
conducting trainings and seminars on both content knowledge and student-centered
pedagogy. Learning materials writers can help by promoting more engaging learning
activities. And finally, the study can hopefully enlighten future researchers on these crucial
educational variables-performance and interest.
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The study is anchored on the following theories: Constructivist Learning Theory,
Experiential Learning Theory, and Csikszentmihalyi’s Flow Theory.

Constructivism views learning as an active process where individuals construct and
reconstruct meanings based on their past experiences, emphasizing that students learn by
"constructing” knowledge with teachers acting as facilitators rather than traditional
lecturers (Walker et al., 2008). In this study, students engaged in module activities
designed to assess and build upon their prior knowledge, enabling them to construct new
understanding even in the absence of a teacher. Similarly, David Kolb's Experiential
Learning Theory focuses on learning through experience, consisting of four stages:
concrete learning, reflective observation, abstract conceptualization, and active
experimentation. This approach allows students to take responsibility for their learning by
engaging in activities that enrich their experiences and apply their knowledge in real-world
contexts (Western Governors University Blog, 2020). Lastly, Csikszentmihalyi’s Flow
Theory highlights the importance of student interest, describing flow as a state of intense
focus and enjoyment that occurs when individuals are fully immersed in an activity
(Csikszentmihalyi, 1990). In this study, students experienced flow while participating in
various activities within the science module, leading to optimal engagement and intrinsic
motivation.

Grounded with previous studies and the three theories, the researcher decided to
conduct this research to look deeper into the significance relationship between students’
interest and performance in science and the effect of some demographic profiles on these
two variables-interest and performance in science.

Shown below is the framework of the research.

M Sex Science

= g Interest

5 || Parents’ Highest

a || Educational

L || Attainment

=

Q- .

8 || Family Monthly

E’ Income v

& || Availability of Science
Gadget Performance

Figure 1. The framework of the research

The framework consists of independent variables and one dependent variable. The
independent variables namely the students’ demographic profile as indicated by sex,
parents’ highest educational attainment, family monthly income, and availability of
gadget, and the students’ interest in science are the possible factors that affect the students’
performance in science in modular learning setting. However, the aforementioned
independent variables are not necessary that they all affect the students’ performance in
science. In addition, the students’ demographic profile as indicated by sex, parents’ highest
educational attainment, family monthly income, and availability of gadget are also
possible factors that affect the students’ interest in science. Similarly, not all the
demographic profile indicators are necessary that they all affect the students’ interest in
science.

RESEARCH OBJECTIVES

The objective of this study was to investigate the students’ performance in science in
relation to their level of interest in science and their demographic profile in an offline
modular learning modality setting. Offline modular learning is a flexible educational
approach that utilizes printed self-learning modules (SLMSs) to facilitate individualized
instruction for students. It is used in this study due to the limited access to internet
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connectivity in the research locale. Specifically, the study aimed the following: (1) assess
the performance in science of grade 10 students in a modular learning setting; (2) assess
the interest in science of the grade 10 students; (3) assess the demographic profiles in terms
of sex, parents’ highest educational attainment, family income and availability of gadget
of grade 10 students; (4) determine if there is a significant association between students’
levels of interest and performance in science and their demographic profiles, specifically
in terms of sex, parents’ highest educational attainment, family income, and availability
of gadgets; (5) determine if there is a significant relationship between the students’ interest
in science and their performance in science; and (6) compare the difference of the students’
level of interest in science with respect to their academic performance.

METHODOLOGY

This study employed both descriptive and correlational research design. It is
descriptive in the sense that it sought to describe the students’ interest and students’
performance in science as well as their demographic profile in terms of sex, parents’
highest educational attainment, family income and availability of gadget. It is also
correlational because it sought to investigate the existing relationship of the students’
interest in science and the students’ performance in science. Also, it sought to investigate
the relationships of these two variables to students’ demographic profiles such as sex,
parents’ highest educational attainment, family income and availability of gadget.

Participants

The participants of this study consisted of two intact sections of Grade 10 students
(N=122) of RPMD National Science High School in Marawi City, Philippines, during
2021-2022 school year. The entire population of Grade 10 students was included in the
study, eliminating the need for sampling. The ages of the students ranged from 16 to 19
years old. They represented diverse family backgrounds, including those of government
employees, business owners, farmers, and pedicab driver. Additionally, some were
orphans who relied on themselves for financial support.

Research Tools

To determine students’ interest in learning science, a science interest survey
guestionnaire was employed. This instrument comprised 15 items on a 5-point Likert
scale, which were consolidated from two existing renowned instruments. Seven of the
items were adapted from the Interest in Science Scale of the Test of Science Related
Attitudes (Fraser, 1981) and eight items were adapted from the Interest in Science Scale
of the Mathematics and Science Attitude Survey (Paciorek, 1997). Following
consolidation, the questionnaire underwent evaluations for face validity and content
validity by three experts in science education research. After several modifications, the
instrument was pilot tested, yielding a reliability coefficient of .816 as measured by
Cronbach's alpha. To evaluate students' performance in science, their final grades at the
end of the school year were utilized. Additionally, in-depth interviews were conducted
with 15 randomly selected respondents from the population at the conclusion of the school
year.

Ethical Considerations

Several ethical considerations were taken into account throughout the study. Prior to
data gathering, the participants were informed of the purpose of the study and their right
to decline to participate, and their rights to withdraw at any time from participations. In
compliance with DepEd Order No. 40, series of 2012, parental consent was sought from
the parents or guardians of participants who were under 18 years of age. Out of 122
participants, fifty-seven were below 18, and all complied with this requirement.
Participants aged 18 and older were not required to obtain consent according to the
aforementioned order. Subsequently, the science interest survey questionnaire as well as
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the demographic profile were administered. Qualitative data were collected though one-
on-one interviews.

Data Analysis

The data collected were then subjected to appropriate statistical analyses using
Statistical Package for the Social Sciences (SPSS) software. The descriptive statistics, such
as the frequency, percentage, mean, and standard deviation, were used to describe the
Science Interest Survey, the performance in science, and the demographic profile
variables. Pearson r correlation coefficient was used to determine the relationship between
the students’ interest and the students’ performance in science. Chi-square was used to
determine if there were significant associations in the following pairs of variables: between
the students’ level of interest and the students’ sex; between the students’ level of interest
and the availability of gadget; between the students’ level of performance and the students’
sex; and between the students’ level of performance and the availability of gadget. On the
other hand, Gamma test was used to determine if there were significant associations in the
following pairs of variables: between the students’ level of interest and the parents’ highest
educational attainment; between the students’ level of interest and the family monthly
income; between the students’ level of performance and the parents’ highest educational
attainment; and between the students’ level of performance and the family monthly
income. Finally, the qualitative data were analyzed thematically. The researcher began by
transcribing the interview data, which was then reviewed by a fellow researcher. The
transcriptions were thoroughly read and re-read by the researcher to familiarize themselves
with the content and context of the responses. Next, initial codes were generated by
highlighting significant phrases or concepts that resonated with the research questions,
ensuring a wide range of ideas was captured. After completing the coding process, the
researcher grouped these codes into broader themes that reflected common patterns and
insights across the interviews, subsequently reviewing and refining these themes to ensure
they accurately represented the data. Each theme was clearly defined and named, ensuring
that they were distinct and coherent. Finally, the researcher compiled the findings into a
comprehensive report.

RESULTS AND DISCUSSION

The findings of the study revealed that majority (50.82%) of the students had fairly
satisfactory performance in science; majority (68.85%) of the students were moderately
interested in science; majority of the respondents were female (66.39%), children of
parents who finished college (32.79%) and high school (32.79%), belonged to a family
with a monthly income of below 20,000 pesos (81.15%), and had gadget available
(97.54%).

Table 1. Association between Demographic Profile and Level of Interest

oy Value Significance  Degrees of

Association Test Used Obtained Level Freedom Remarks
Sex and Level of Chi-square —
Interest in Science Test 7.149 03 2 Significant
Parents’ Highest Gamma
Educational Preliminary 20 05 Non-
Attainment and Level  Reduction ’ ' significant
of Interest in Science Test
Family Monthly Ggmma

Preliminary Non-
Income and Level of . .086 .05 .

Reduction significant

Interest in Science
Test
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Auvailability of
Gadget and Level of
Interest in Science

Chi-square Non-
Test 3.68 03 2 significant

The association between sex and level of interest in science was determined using
Chi-square test. The value obtained was 7.149 which is significant at .05 level of
significance, df=2. This finding indicated that there were more girls who had higher level
of interest in science than boys. This asserted that gender was associated to the level of
interest of students in science. The finding was supported by Jia et al. (2020) and Kang et
al. (2018) that there were clear gender differences with regards to interest in science in
favor of the girls.

The association between the parents’ highest educational attainment and the level
of interest in science was determined using Gamma preliminary reduction test. The value
obtained was .20 which was tested at .05 level of significance. The value signified a very
weak or no significant association between the parents’ highest educational attainment and
the students’ level of interest in science. Statistically, the value of .20 means that only 20%
fewer errors predict students’ interest in science using the parents’ highest educational
attainment. This indicated that parents’ highest educational attainment per se does not
contribute to their children’s interest in science. This finding was in line with Halim et al.
(2018) that the positive perceptions and values of parents towards the subject of science,
not the educational attainment, propelled parents to cultivate their children’s interest in
science and any science related careers. However, the finding was contrary to Dabney et
al. (2016) and Hacieminoglu (2015) that parents’ educational attainment was positively
associated to the students’ attitude towards science.

The association between the family monthly income and the level of interest in
science was determined using Gamma preliminary reduction error test. The value obtained
was .086 which was tested at .05 level of significance. The value indicated a very weak or
no significant association between the family monthly income and the students’ level of
interest in science. In statistical sense, the value of .086 means that only 8.6% fewer errors
are made if the family monthly income is used to predict the students’ level of interest in
science. In other words, students’ variation in terms of economic status did not determine
their interest in science. Even children of low-income group can have high interest in
science. This could be explained by the perception that parents vary in the extent of
supporting their children regardless of their economic status. Even parents of the same
economic status may vary in the extent of providing financial support to their children.
The finding was affirmed by Conel (2021) that there was a negligible positive correlation
between the students’ family income and students’ interest in science.

The association between the availability of gadget and the level of interest in science
was determined using Chi-square test. The test revealed a value of 3.68 which was not
significant at .05 level of confidence with df=2. This means that students’ interest in
science was not affected by any availability of gadget. One can be interested in science
regardless of whether he/she owns a gadget or not. This finding was supported by Syaputri
& Usman (2019) that the use of gadget has a very minimal effect (around 1.1%) on
students’ interest in learning. On the contrary, the finding was disputed by Djumingin et
al. (2021) that a gadget has a positive and a significant effect on students’ interest in
learning.

Table 2. Association between Demographic Profile and Level of Performance

Value Significance  Degrees of

Association Test Used Obtained Level Freedom Remarks
Sex and Level of
Performance in Chi-square Test 8.57 .05 2 Significant

Science
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Parents’ Highest

Educational Gamma
Attainment and .. Non-
Preliminary 119 .05 .
Level of . significant
. Reduction Test
Performance in
Science
Family Monthly Gamma
Income and Level .. Non-
. Preliminary .09 .05 .
of Performance in . significant
. Reduction Test
Science
Availability of
G;?lith lail(}ll I(jevel Chi-square Test 40 05 2 i N'On_
of Performance in qu ’ ’ significant
Science

The association between sex and level of performance in science was determined
using Chi-square test. The value obtained was 8.57 which is significant at .05 level of
significance, df=2. The finding indicated that female students had a higher performance
than males. This finding also suggested that female students were more likely to have a
higher academic performance in science than males. This finding was supported by El
Refae et al. (2021) that there was a positive significant relationship between gender and
student GPA both in face-to-face learning and in distance learning. The same finding was
reported by OECD (2020) that girls outperformed boys in science in PISA 2018.

The association between the parents’ highest educational attainment and the level
of performance in science was determined using Gamma preliminary reduction test. The
value obtained was .119 which was tested at .05 level of significance. The value signified
a very weak or no significant association between the parents’ highest educational
attainment and the students’ level of performance in science. Statistically, the value of .119
means that only 11.9% fewer errors are made if the parents’ highest educational attainment
is used to predict the students’ level of performance in science. In other words, parents’
highest educational attainment was not related with the students’ performance in science.
This was supported by Darko-Asumadu and Sika-Bright (2021) that the parents’ education
did not significantly affect the students” academic performance. In fact, a study conducted
by Fasasi (2017) found that students from lowly educated parents had better performance
than students from highly educated parents.

The association between the family monthly income and the level of performance
in science was determined using Gamma preliminary reduction error test. The value
obtained was .09 which was tested at .05 level of significance. The value indicated a very
weak or no significant association between the family monthly income and the students’
level of performance in science. In statistical sense, the value of .09 means that only 9%
fewer errors are made if the family monthly income is used to predict the students’ level
of performance in science. In other words, the family income did not contribute to the
academic performance of students in science. Indeed, there are students who belong to the
low-income family who excel in science. The finding could be attributed to the perception
that whilst majority of the parents belong to the low-income earners, they might have
prioritized the basic needs of their family, such as food instead of spending for educational
materials. This finding was supported by Gobena (2018) and Machebe et al. (2017) that
family affluency does not affect students’ academic performance.

The association between the availability of gadget and the level of performance in
science was determined using Chi-square test. The test revealed a value of .40 which
indicated no significant association. The finding indicated that gadget ownership is not the
main factor that can affect students’ performance in science. Indeed, there are students
who use gadget frequently, yet, they excel in their classes. Similarly, some students who
frequently use gadget have failing grades. Perhaps, it is on how a person uses gadget that
can affect his/her performance, but not the mere ownership of a gadget. The finding was
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supported by Balbaguio (2020) that no significant impact of the electronic gadgets on the
academic performance of students. In fact, Othman et al. (2020) found out that students
who spent more time on electronic gadget has a high level of dependency towards gadget
which led to poor academic achievement.

Table 3. Correlation Between the Performance and Interest in Science

Value Significance

Association Test Used Obtained Level Remarks
Performance in Pearson’s

Science and Interest Correlation 522 .05, two-tailed test ~ Significant
in Science Coefficient Test

The study hypothesized that a student’s interest in science contributes to his/her
academic performance in science. To determine the validity of this hypothesis, Pearson’s
correlation coefficient test was utilized. The r value obtained was .522, which is a value
that is significant (p < .05, two-tailed test). Hence, the null hypothesis that there is no
significant relationship between the respondents’ interest in science and their performance
in science is hereby rejected. In other words, the students’ interest in science is positively
related to their academic performance in science. The higher the interest of a student in
science is, the higher his/her academic performance would be.

This particular finding is consistent with the motivation theory. One’s interest on
something is an indication of his/her motivation. Indeed, according to the theory of
motivation, one who is properly motivated to do something tends to perform better than
those who are not motivated. In the same token, one who is not interested to learn the
subject cannot be expected to have higher grades. The finding is in agreement with several
studies abroad. Dahliani et al. (2020) found a significant correlation between students
learning interest in learning Biology with students learning outcomes. Another recent
study conducted by Mappadang et al. (2022) found that students’ psychological
conditions, as one of academic interest, contribute significantly to improving academic
performance. This indicates that the higher the academic interest, the more the students
will make an effort in their learning for better results. Moreover, a study conducted by
Abaidoo (2018) found that one of the student factors that contribute to an improvement in
academic performance is interest in a subject.

Meanwhile, the thematic analysis of the qualitative data revealed the following: (a) the
less interested and low performer students were struggling in understanding the content of
modules which often led them to just set aside their modules without reading them. They
did not have timetable for studying and they were very occupied by leisure activities, such
as playing online games and basketball. Hence, the average of their final grade was
categorized as low; (b) the moderately interested and moderate performer students were
reading their modules more than once depending on their mood. However, their attention
on their module was easily diverted to social media and online games. Also, their
timetables for studying were not followed. The average of their final grades was
categorized as moderate. On the other hand, (c) the highly interested and high performer
students read their modules many times until they understood them well. Whenever they
encountered unfamiliar or difficult concepts to understand, they sought help from more
knowledgeable people or made use of their internet resources. They strictly followed their
timetables for studying and they even spent their leisure times in studying their modules.
The average of their final grades was categorized as high. To wrap things up, the higher
the interest in science, the higher the effort exerted by the student, which resulted to higher
performance in the subject.

The study has few limitations including the small sample size of 122 students from a
single school which limits the generalizability of the findings to broader populations, the
lack of significant associations with parent’s educational attainment and family income
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suggests that other unexamined variables may influence students’ interest and
performance in science, the focus on offline modular learning may not reflect the dynamics
of traditional classroom settings or online education, potentially affecting student
engagement differently, the qualitative interviews conducted after performance
assessments may limit insights into how students’ interest develop throughout the learning
process.

Moreover, the variable "availability of gadgets" was operationalized in this study by
asking participants about the gadgets they possessed to assess their impact on students'
educational experiences. However, simply owning a gadget does not fully capture its
effectiveness in enhancing learning outcomes. It is crucial to consider how these devices
are used for educational purposes, such as accessing online resources and engaging in
interactive learning, which this study did not address. Therefore, future research should
focus on both the availability and practical use of gadgets to gain a better understanding
of their role in student performance and interest in science education.

CONCLUSION AND IMPLICATIONS
This study provides valuable insights into how students engage with science,

revealing some noteworthy trends. Most strikingly, female students showed greater
interest and performed better in science than their male peers. Interestingly, factors like
parental education and family income didn't seem to have a significant impact on students’
interest or performance. The presence of gadgets also didn’t play a meaningful role.
Qualitative feedback from students highlighted that those who were more interested in
science tended to put in more effort, leading to better results.

These findings carry important implications for educators, parents, and policymakers.
First and foremost, there’s a clear need for initiatives aimed at boosting interest in science
among male students, helping to close the gender gap in both engagement and
achievement. Since parental education and income didn’t significantly affect outcomes,
focusing on developing strong study habits and support systems for students who struggle
could be more beneficial.

Creating hands-on, interactive learning experiences can ignite students' passion for
science, making it feel relevant and exciting. Additionally, teaching students how to use
technology as a helpful learning tool—rather than a source of distraction—can enhance
their academic experience. Ultimately, by fostering a supportive environment that caters
to students’ interests and challenges, we can help them thrive in science and beyond.

Moreover, future research should explore a broader range of variables influencing
student performance and interest in science, including, but not limited to, teaching
methods, classroom environment, peer interactions, and access to resources. This approach
will help develop a more nuanced and comprehensive understanding of the multifaceted
factors that contribute to academic success in science. Additionally, research should focus
on both the availability and practical use of gadgets to gain deeper insights into their role
in student performance and interest in science education.
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Abstract. Al is becoming increasingly prevalent and advancing over time, yet the
accuracy of this intelligent technology remains a subject of scrutiny. This study aims
to provide an in-depth evaluation of the capabilities of two platforms, ChatGPT and
Gemini Al, by analyzing and comparing their performance, assessing answer
accuracy, and offering comprehensive recommendations. A quantitative
comparative approach was employed to evaluate the performance of ChatGPT and
Gemini Al in answering Higher-Order Thinking Skills (HOTS) questions. The
questions utilized were HOTS-based items on the subject of biology. The analysis
shows that ChatGPT's accuracy rate (55%) is slightly higher than Gemini Al's
(50%). However, Gemini Al's average score (0.5) is higher than ChatGPT's (0.4),
meaning Gemini Al gives overall more accurate answers, even though its percentage
of correct responses is lower. This difference is likely due to the types of questions
and specific cognitive aspects involved. ChatGPT demonstrated strengths in
questions requiring analysis and evaluation, while Gemini performed better in
creation-based questions. Both systems faced challenges with questions that
integrated complex cognitive processes and procedural knowledge, highlighting
opportunities for further improvement in their respective knowledge-processing
algorithms. The standard deviations for ChatGPT and Gemini are nearly identical,
at 0.5026 and 0.5130, respectively, indicating a comparable level of consistency in
the responses of both models. The mean standard error for ChatGPT (0.1124) is
slightly lower than that of Gemini (0.1147), suggesting that ChatGPT's mean
estimates are marginally more stable. This study highlights that ChatGPT and
Gemini Al exhibit distinct strengths and weaknesses in answering Higher-Order
Thinking Skills (HOTS) questions. ChatGPT excelled in cognitive dimensions
involving analysis (C4) and factual knowledge, providing detailed and
comprehensive answers. In contrast, Gemini Al demonstrated an advantage in the
creation dimension (C6) and tasks requiring concise, straightforward responses,
such as producing or planning solutions.

Keywords: comparison, ChatGPT, Gemini Al, HOTs, Biology
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INTRODUCTION

Technological advancements have transformed educational paradigms, driving a
shift towards the digitalization of learning (Firdaus, 2023). Among these advancements,
Artificial Intelligence (AI) has emerged as a key tool for streamlining contemporary
learning processes (Nirwani & Priyanto, 2024). Al's ability to provide rapid responses and
analyze large amounts of data has made it increasingly prevalent in education. However,
concerns about the accuracy and reliability of Al-generated answers persist, especially in
educational contexts where incorrect information could have significant implications
(Johnson et al., 2023).

The integration of Al in education aligns with 21st-century learning goals,
particularly in fostering Higher-Order Thinking Skills (HOTS). These skills, which
include analysis, evaluation, and creation, are essential for student success in the Society
5.0 era, where cognitive abilities serve as a critical benchmark (Firdaus, 2022; Latifah &
Maryani, 2021). HOTS goes beyond memorization and comprehension, requiring students
to apply knowledge creatively and solve complex problems. As such, the effectiveness of
Al platforms in supporting these cognitive processes has become a critical area of
investigation.

Among the most widely used Al platforms in education are ChatGPT by OpenAl
and Gemini Al by Google. Each platform has distinct strengths and applications. ChatGPT
excels in speed, text processing, and efficiency, while Gemini Al is better suited for tasks
that require deep analysis and comprehension (Rane et al., 2024). Research by Bahil et al.
(2024) found that Gemini Al outperformed ChatGPT in terms of accuracy, achieving a
rate of 66% compared to ChatGPT's 62%. However, the suitability of these platforms for
addressing HOTS questions requires further investigation, particularly in understanding
how their differences affect learning outcomes.

The integration of Al into educational contexts also presents challenges. A World
Bank report (2024) identified ChatGPT as the most visited Al platform with 2.3 billion
visits, far surpassing other platforms such as Gemini Al (123 million visits). Despite their
widespread adoption, these platforms often produce answers that may seem accurate but
can lead to misconceptions if not critically evaluated (Dalalah & Dalalah, 2023; Karatas
et al., 2024). This highlights the need for teacher oversight and robust mechanisms to
monitor the accuracy of Al-generated responses.

Thinking is a process that involves the brain's cognitive system and emotions in
addressing and resolving problems (Firdaus et al., 2022). In Indonesia, the K13 curriculum
prioritizes the development of HOTS as a key learning objective, emphasizing students'
abilities to analyze, evaluate, and create (Asrafil et al., 2020). However, the increasing
reliance on Al tools in education raises concerns about their potential to undermine critical
thinking skills. Misuse of Al-generated content could lead to misconceptions and
negatively impact students' understanding of complex concepts (Hidayatullah et al., 2024;
Owan et al., 2023). Addressing these challenges requires a comprehensive evaluation of
Al platforms to determine their efficacy in supporting HOTS development.

Research indicates that Al's adoption in education has grown significantly over
the past decade, with studies on "AI" and "Education" accounting for 70% of related
publications since 2010 (Chen et al., 2020). While many of these studies highlight the
benefits of Al, its application in solving HOTS-related questions remains underexplored.
The need for educators and developers to enhance Al tools to better support learning
processes is therefore paramount (Jinhe et al., 2022).

Artificial Intelligence (Al) has become a transformative force across various
fields, including education, leveraging advancements such as Natural Language
Processing (NLP) to facilitate communication in human languages (Obaigbena et al.,
2024). NLP enables seamless interactions between humans and machines, enhancing the
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accessibility and functionality of Al systems. These capabilities, combined with advances
in computer vision, allow Al to recognize and interpret gestures, emotions, and facial
expressions, making it a ubiquitous tool in daily life (Obaigbena et al., 2024). Despite
these advantages, over-reliance on Al for scientific responses can undermine cognitive
processes, especially when the accuracy of such responses is not thoroughly verified
(Danry et al., 2023; Johnson et al., 2023).

In the educational sector, Al promotes active student engagement and creates an
interactive learning environment. However, its use is not without challenges.
Misinterpretation of Al-generated content due to a lack of critical evaluation can lead to
misconceptions, negatively affecting students' critical thinking skills (Dilekli & Boyraz,
2024). This issue underscores the need for careful evaluation of Al-generated feedback to
ensure its alignment with educational goals. Advanced data analytics, a feature of Al, has
also sparked debates about its role in monitoring performance and generating personalized
recommendations with consistency and precision (Heaven, 2020).

Two widely recognized Al platforms, ChatGPT by OpenAl and Gemini Al by
Google, exemplify the diverse applications of Al in education. Research indicates that
ChatGPT excels in tasks requiring contextual intelligence and reasoning, while Gemini Al
is preferred for tasks necessitating extensive analysis and deep comprehension (Rane et
al., 2024). Studies comparing their performance in various domains provide mixed results.
For example, Carla et al. (2024) found that ChatGPT demonstrated superior analytical
performance in assisting medical professionals, whereas Gemini Al faced significant
limitations, particularly in complex tasks. These findings highlight the platforms’
respective strengths and weaknesses, emphasizing the importance of selecting an
appropriate tool based on the specific needs of the task.

The integration of Al in education aligns with the demands of 21st-century
learning, particularly in fostering Higher-Order Thinking Skills (HOTS). Defined in the
revised Bloom’s Taxonomy, HOTS encompasses cognitive processes such as analysis,
evaluation, and creation, which are critical for addressing complex problems (Jaenuddin
et al., 2020; Latifah & Maryani, 2021). In Indonesia, the K13 curriculum emphasizes
HOTS as a core objective to enhance students’ abilities in solving, evaluating, and creating
solutions (Asrafil et al., 2020). As Al becomes more integrated into classrooms, its
potential to support HOTS development is increasingly evident. However, concerns
remain about its accuracy and the potential for misuse, which could lead to misconceptions
and undermine students’ understanding (Hidayatullah et al., 2024; Owan et al., 2023).

Al systems’ ability to simplify complex material has been widely recognized, with
studies showing their positive impact on learning outcomes (Joseph et al., 2013). For
instance, research by Wang et al. (2023) indicates that inaccuracies in Al-generated
answers often stem from the specificity of the posed questions, leading to varying
performance across platforms. ChatGPT demonstrates strengths in data processing and
contextualizing responses but struggles with deep understanding in certain domains
(Yasmar & Amalia, 2024). Conversely, Gemini Al, with its latest model improvements,
has enhanced its reasoning capabilities (Muchlis & Maulida, 2024).

Given the increasing adoption of Al, a comprehensive evaluation of its efficacy in
addressing HOTS questions is essential. This study aims to compare the performance of
ChatGPT and Gemini Al in answering HOTS questions. By analyzing their respective
strengths, weaknesses, and accuracy, this research seeks to provide insights into the
suitability of these platforms for fostering higher-order cognitive processes in education.
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RESEARCH OBJECTIVES

This study aims to provide an in-depth evaluation of the capabilities of two
prominent artificial intelligence platforms, ChatGPT and Gemini Al, in answering Higher-
Order Thinking Skills (HOTS) questions in biology. The primary objective is to analyze
and evaluate the performance and accuracy of ChatGPT and Gemini Al in addressing
HOTS-based biology questions. This includes a comprehensive comparison of the
platforms, focusing on parameters such as accuracy levels, relevance of responses, and
alignment with scientific validity criteria and educational content. The analysis seeks to
uncover the distinct characteristics of each platform, including ChatGPT's strengths in text
processing efficiency and Gemini Al's advantages in deep reasoning and resource
integration. Additionally, the objective encompasses identifying limitations, such as
potential inaccuracies or misconceptions, that could affect the platforms' effectiveness in
HOTS-based learning environments. By integrating performance analysis and accuracy
evaluation into a single objective, the study aims to provide a cohesive understanding of
these platforms' foundational capabilities.

The second objective is to deliver comprehensive recommendations for using Al
platforms in HOTS-based learning. These recommendations will address the needs of
students, educators, and Al developers, guiding them in selecting and refining platforms
that are more effective, accurate, and aligned with 21st-century educational requirements.
Moreover, the findings will offer valuable insights to Al platform providers, enabling them
to implement continuous improvements and evaluations of their technologies. By doing
s0, this study seeks to contribute to the optimal use of Al in education, ensuring these tools
effectively enhance HOTS-oriented learning and meet the evolving demands of modern
education.

METHODOLOGY

This study adopts a quantitative comparative approach to evaluate the
performance of ChatGPT and Gemini Al in answering Higher-Order Thinking Skills
(HOTS) questions. The quantitative comparative method is designed to numerically
measure differences between two or more variables, enabling objective statistical analysis.
Comparative quantitative research involves comparing two or more groups or variables to
identify their differences or similarities. According to Sugiyono (2012), comparative
research compares the presence of one or more variables within a single sample, in this
case, using different Al platforms. The variables compared in this study are the
performances of ChatGPT and Gemini Al in addressing HOTS questions.

The questions used in the study are HOTS-based biology questions adopted from
Yuliani's (2017) research. These questions were selected due to their strong reliability,
with an estimated coefficient of 0.93, which categorizes the instrument as highly reliable.
This confirms that the measurements obtained using this instrument are dependable. The
average item logit value of 0.0 indicates that the instrument can assess higher-order
thinking abilities. As Bond and Fox (2013) stated, an average item logit of 0.0 represents
arandom value that reflects a 50:50 probability, indicating a balance between respondents'
ability levels and the difficulty of the questions. If the average item logit does not reach
0.0, the instrument is generally considered less effective in accurately measuring the
intended abilities.
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Summary Of 197 Measured Person

Total Count Measure Model Infit Outfit

Score Error MNSQ ZSTD  MNSQ ZSTD
MEAN 10.2 20.0 .03 .52 .99 .1 1.00 .1
S.D. 39 3 1.01 .10 11 Vi 27 8
MAX. 17.0 20.0 1.84 1.07 1.33 24 2.82 33
MIN. 1.0 18.0 -3.22 46 .55 -14 .14 -1.0
REAL RMSE .54 TRUESD .86 SEPARATION 1.59 Person RELIABILITY .72
MODEL RMSE .53 TRUE SD .86 SEPARATION 1.64 Person RELIABILITY .73
S.E. OF Person MEAN = .07
Person RAW SCORE-TO-MEASURE CORRELATION = .99
CRONBACH ALPHA (KR-20) Person RAW SCORE "TEST" RELIABILITY = .72

Summary Of 20 Measured Item

Total Count Measure Model Infit Outfit

Score Error MNSQ ZSTD MNSQ ZSTD
MEAN 100.6 196.5 .00 .16 1.0o1 -1 1.00 1
S.D. 21.0 8 .64 .02 .08 1.1 13 1.1
MAX. 176.0 197.0 .53 25 120 24 1.35 22
MIN. 79.0 194.0 -2.50 .16 90 2.1 .85 -1.6

.62 SEPARATION 3.73 Item RELIABILITY .93
.62 SEPARATION 3.81 Item RELIABILITY .94

REAL RMSE .17 TRUE SD
MODEL RMSE .16 TRUE SD
S.E. OF Item MEAN = .15

UMEAN=.0000 USCALE=1.0000

Item RAW SCORE-TO-MEASURE CORRELATION = -.99

3931 DATA POINTS. LOG-LIKELIHOOD CHI-SQUARE: 4572.60 with 3715 d.f. p=.0000
Global Root-Mean-Square Residual (excluding extreme scores): .4472

Capped Binomial Deviance =.2526 for 3931.0 dichotomous observations

Figure 1. Realibility HOTs Question
Source: Yuliani's (2017) research

The accuracy data analysis was conducted using a t-test statistic, employing the
following calculation formula:

X1 — X2
t —

st | 83

ng Ny

Meanwhile, the evaluation analysis was performed using descriptive analysis and
presented in a data observation table. The results of ChatGPT and Gemini Al responses
were compared based on the accuracy of their answers.

RESULTS AND DISCUSSION
Analyzing and comparing the capabilities of ChatGPT and Gemini Al

The research outcomes were analyzed to evaluate the performance of two systems,
ChatGPT and Gemini Al, in answering questions designed based on cognitive dimensions,
cognitive processes, and types of knowledge. This analysis focused on identifying the
accuracy levels of both systems' responses compared to the correct answers and exploring
performance patterns relative to the characteristics of the questions. The results provide
insights into the strengths and weaknesses of each system in handling various levels of
complexity and types of knowledge assessed.
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Code C.ognltl.ve Cognitive Knowledge ChatGPT Gemini Correct
Dimension Process . .
Dimension Answer  Answer Answer
Al  C4 (Analyzing)  Attributing Factual E E E
A2  C4 (Analyzing) Organizing Procedural D D D
A3 C4 (Analyzing) Organizing Procedural D D A
A4  C5 (Evaluating) Examining Factual A C C
A5  C4 (Analyzing) Distinguishing Procedural E A A
A6  C4 (Analyzing) Organizing Conceptual B B C
A7  C5 (Evaluating) Critiquing Conceptual B B B
A8  C6 (Creating) Producing Metacognitive E C A
A9  C5 (Evaluating) Critiquing Factual D A D
A10  C6 (Creating) Producing Conceptual C C C
All C4(Analyzing) Distinguishing Factual A E D
Al12  C6 (Creating) Formulating Metacognitive B B B
Al13  C6 (Creating) Planning Factual A A E
Al4  C6 (Creating) Planning Conceptual B B D
Al5 C5 (Evaluating) Critiquing Metacognitive B B B
A16 C6 (Creating) Producing Conceptual B E E
Al17  C6 (Creating) Planning Metacognitive B B B
A18 C6 (Creating) Formulating Procedural A A C
A19 C5 (Evaluating)  Critiquing Conceptual B B A
A20 C4 (Analyzing)  Attributing Factual C C E

The analysis results indicate that ChatGPT demonstrates a slightly higher
accuracy rate than Gemini, with 55% correct answers versus 50% for Gemini. Although
the margin is small, ChatGPT has an advantage in understanding and responding to certain
questions. Regarding cognitive dimensions, ChatGPT outperformed Gemini in tasks
requiring analysis skills (C4), answering 4 out of 8 questions correctly, compared to
Gemini’s three correct answers. Both systems performed equally well for the evaluation
dimension (C5), each providing four correct answers out of 6 questions. However, in the
creation dimension (C6), Gemini showed a slight edge, answering 4 out of 6 questions
correctly, while ChatGPT managed three correct answers.

Regarding cognitive processes, ChatGPT excelled in questions involving
organizing processes, with two correct answers compared to Gemini's 1. However, Gemini
demonstrated greater consistency in tasks requiring producing and planning processes,
highlighting its ability to handle more complex question types. ChatGPT, on the other
hand, struggled more with questions requiring distinguishing or examining, though its
overall performance remained satisfactory.

From the perspective of knowledge dimensions, ChatGPT showed superior
performance in questions based on factual knowledge. Gemini, meanwhile, delivered
nearly comparable results to ChatGPT on questions involving conceptual and
metacognitive knowledge. However, both systems faced significant challenges with
procedural knowledge-based questions, with higher error rates observed in this dimension.
Certain questions, such as A3, A6, A13, and A18, presented a high difficulty level for both
systems. On these questions, the responses from both ChatGPT and Gemini diverged from
the correct answers, indicating that the combination of complex cognitive processes and
procedural knowledge posed significant challenges. Questions A3, A6, A13, and A18
incorporate visual elements such as images and diagrams, which significantly increase the
complexity for Al systems to generate accurate responses. Specifically, image-based
questions (A3, A6, and A18) and diagram-based questions (A13) require the Al to interpret
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visual data, a capability that remains a notable limitation for most natural language
processing (NLP) models.

In addition to their visual components, these questions engage cognitive processes
classified under Bloom’s Taxonomy as C4 (analyzing) and C6 (creating). Al systems face
challenges with C4 tasks because they require synthesizing information from multiple
modalities, including textual explanations, visual data, and contextual knowledge. For
example, A3 and A6 necessitate the integration of image interpretation with biological
concepts, a task that exceeds the current capabilities of text-based Al models like ChatGPT
and Gemini Al. Similarly, questions involving C6 processes, such as A13 and A18, pose
difficulties because they demand the generation of novel and creative outputs. These
questions often require the Al to not only interpret diagrams but also propose original
solutions or construct new concepts based on limited or incomplete information. This
highlights a critical gap in the ability of current Al systems to perform tasks that simulate
higher-order cognitive skills, especially those requiring creativity and deep reasoning.

Understanding why these questions are challenging provides valuable insights for
improving Al systems. Enhancements such as multimodal training, which integrates
textual and visual data processing, or more robust algorithms for handling abstract and
creative reasoning, could address these limitations. Future Al training models should focus
on bridging these gaps to improve performance in tasks that combine visual interpretation
and higher-order cognitive skills. Conversely, questions like A1, A2, A7, A10, A12, A1S,
and A17 demonstrated that both systems could consistently provide correct answers. These
questions generally involved factual or conceptual knowledge paired with relatively
straightforward cognitive processes.

Evaluating the accuracy of responses

A comparison between ChatGPT and Gemini Al in answering HOTS biology
questions requires further analysis. This analysis aims to evaluate and compare the
performance of the two models based on group statistical results. The data provided
includes sample size (N), mean score (Mean), standard deviation (Std. Deviation), and
standard error of the mean (Std. Error Mean), as presented in Table 2. Using this data, we
can assess the consistency of each model's responses and determine whether there are
significant differences between the two models.

Table 2: Statistical Comparison Results

Gr0}1p. N Mean Std. Deviation Std. Error Mean
Statistics

ChatGPT 20 0.4 0.5026246899500346 0.11239029738980327
Gemini 20 0.5 0.512989176042577  0.11470786693528086

The statistical analysis indicates that ChatGPT and Gemini's performance in
answering questions exhibits nearly equivalent characteristics. The comparison is
conducted on a balanced dataset based on an identical sample size of 20 for each model.
The average score (mean) for Gemini was slightly higher than that of ChatGPT, at 0.5
compared to 0.4. This suggests that Gemini, on average, provides somewhat more accurate
responses than ChatGPT. However, the small mean difference of 0.1 necessitates further
statistical testing to determine its significance. Regarding performance variation, the
standard deviations for ChatGPT and Gemini were nearly identical, at 0.5026 and 0.5130,
respectively. This reflects that both models exhibit similar levels of consistency in
answering questions. The comparable variation indicates that ChatGPT and Gemini
demonstrate similar fluctuations in performance on the tested data. Furthermore, the
standard error of the mean for ChatGPT was slightly smaller than that for Gemini, at
0.1124 versus 0.1147. ChatGPT's mean score estimation is marginally more stable than
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Gemini’s. Although Gemini showed a higher average score, the levels of variation and
consistency between the two models are nearly identical. The small difference in average
scores suggests that the performance of the two models in answering questions is not
significantly different. Advanced statistical analysis, such as a significance test, must
confirm whether this difference is statistically meaningful or simply due to random
variability in the data.

t-Test Analysis
A t-test is necessary to determine the statistical significance of the differences between the
two groups, ChatGPT and Gemini, regarding their average scores. The table includes key
metrics from the t-test analysis, such as:

e t-Statistic

e Degrees of Freedom (df)

e Two-tailed Significance (Sig. 2-tailed)

e Mean Difference

e Standard Error of Difference (Std. Error Difference)
By evaluating these values, the analysis will establish whether the observed mean
difference between ChatGPT and Gemini is statistically significant or merely attributable
to chance variations within the dataset.

Table 3: Uji T ChatGPT dan Gemini dalam Menjawab Soal

. ] . ) Std. Error
t-statistic df Sig. (2-tailed) Mean Difference Difference

-1.0000002 19 0.3298768009211  -0.0999999999998  0.09999999999998

The t-test results reveal a t-statistic value of -1.0 with degrees of freedom (df)
equal to 19. This indicates a minor difference between the mean scores of ChatGPT and
Gemini. The significance value (Sig. 2-tailed) is 0.330, which exceeds the standard
significance threshold of 0.05. This means the observed difference in mean scores between
the two groups is not statistically significant. The mean difference between the two groups
is -0.1, suggesting that ChatGPT's average score is slightly lower than Gemini's. However,
with a standard error of difference of 0.1, this discrepancy is too small to be considered
meaningful. The negative value in the mean difference simply indicates the direction of
the difference ChatGPT scoring lower than Gemini but does not imply any substantive or
significant disparity. This analysis concludes that although there is a slight difference in
mean scores between ChatGPT and Gemini, this difference is not statistically significant.
In other words, the performance of both groups can be considered equivalent in the context
of this test. Further research with a larger sample size or an alternative test design may be
necessary to explore performance differences between these models further.

Evaluation of ChatGPT and Gemini AI Responses

Based on the analysis of Al usage (ChatGPT and Gemini Al) in solving higher-
order thinking Skill (HOTS) questions, here is a detailed narrative based on cognitive
dimensions, answer accuracy, explanation quality, consistency, as well as the strengths
and weaknesses of each Al. The analyzed questions involve cognitive dimensions such as
analyzing (C4), evaluating (C5), and creating (C6) and include knowledge dimensions
spanning factual, conceptual, procedural, and metacognitive domains. Both Als could
provide responses aligned with the required cognitive levels. However, variations were
observed in the depth of explanation, particularly for questions requiring extensive
exploration. Regarding answer accuracy, both Als generally provided answers that
matched the correct key, although differences in delivery were noted. For example, in
Question 1, ChatGPT and Gemini Al accurately explained moss's role in the ecosystem.
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In Question 2, both provided correct answers regarding the functions of antipodal and

synergid cells, but ChatGPT's explanation was more detailed than Gemini Al's.

Regarding explanation quality, ChatGPT delivered structured and in-depth
explanations. For example, besides answering the question, ChatGPT elaborated on related
processes or mechanisms, such as the ecosystem impact of moss on the carbon cycle. In
contrast, Gemini Al provided concise and direct answers, focusing on the main points.
While these answers were relevant to the questions, Gemini Al often lacked the deep
elaboration necessary for a more comprehensive understanding. Regarding response
consistency, ChatGPT provided more consistent, detailed answers to high-difficulty
questions. At the same time, Gemini Al tended to perform optimally on questions based
on factual or simple conceptual knowledge. For metacognitive questions, Gemini Al
showed weaknesses in delivering exploratory responses.

As for strengths and weaknesses, ChatGPT's strength lies in its detailed and
comprehensive explanations, making it suitable for fostering deep understanding.
However, its lengthy responses can make it difficult for users to pinpoint the main answers
quickly. Gemini Al's strength is providing concise and focused answers, ideal for tasks
requiring straightforward responses. However, it lacks the depth for questions requiring
extensive exploration and elaboration.

ChatGPT and Gemini Al were assessed in solving higher-order thinking Skill
(HOTS) questions across various categories, focusing on accuracy, explanation quality,
and analytical capabilities.

e Question Code Al: Analyzing the role of moss in life. ChatGPT exhibited strong
analytical skills, detailing the benefits of moss, such as preventing erosion, retaining
water, and aiding soil formation. It also provided relevant ecological context. In
contrast, Gemini Al only gave a core response, stating the importance of moss in
ecosystems without elaboration.

¢ Question Code A2: Functions of antipodal cells and synergids. ChatGPT provided an
in-depth explanation, describing their location and role in double fertilization. It
mentioned antipodal cells as nutrient providers and synergids as chemical signalers
guiding pollen tubes to the ovum. Gemini Al’s response was correct but concise,
lacking a detailed mechanism.

¢ Question Code A3: Identifying ovule location in a Gymnosperm reproduction
diagram. ChatGPT identified the correct location and explained the ovule as the site of
sperm and ovum fusion, enhancing biological understanding. Gemini Al gave the
correct location but without context or explanation.

e Question Code A4: Evaluating errors in moss metagenesis. ChatGPT elaborated on
the stages, explaining that the zygote develops into sporogonium before producing
spores and detailing the functions of archegonia and antheridia. Gemini Al answered
correctly but without a comprehensive explanation.

e Question Code AS: Optimal temperature for moss growth based on a graph. ChatGPT
provided a comprehensive response, explaining how 22-28°C supports moss
metabolism and how extreme temperatures reduce physiological activity. Gemini Al
only stated the optimal temperature without linking it to biological mechanisms.

e Question Code AG6: Identifying errors in statements about Gymnosperms and
Angiosperms. ChatGPT analyzed differences in seed protection, reproductive tools,
and seed structure, aiding conceptual understanding. Gemini Al only mentioned core
differences without further discussion.

¢ Question Code A7: Determining corn plant characteristics based on an image.
ChatGPT detailed monocot features, such as fibrous roots, parallel leaves, and separate
flowers, providing rich context. Gemini Al answered correctly but omitted specifics.
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Question Code A8: Identifying a fruit not classified as a Dicot. ChatGPT correctly
identified coconut as a Monocot and melinjo as a Gymnosperm, explaining scientific
classifications. Gemini Al provided the correct answer but lacked elaboration.
Question Code A9: Identifying a fruit not classified as a Dicot. ChatGPT accurately
described the coconut as a Monocot and melinjo as a Gymnosperm, including Monocot
characteristics and Gymnosperm seed properties. Gemini Al’s answer was correct but
lacked depth.

Question Code A10: Designing an experiment to distinguish Monocots from Dicots
using fruits. ChatGPT outlined a structured procedure, including seed observation, to
identify cotyledons. The explanation connected methods to outcomes. Gemini Al’s
response was correct but lacked logical reasoning and procedural details.

Question Code All: Determining if a flower is complete and perfect. ChatGPT
explained the criteria for completeness (presence of peduncle, receptacle, petals,
stamens, and pistils) and perfection (both reproductive organs). Gemini Al stated the
result without elaborating on the supporting parts.

Question Code A12: Identifying ferns based on characteristics like segmented stems
and small spiral leaves. ChatGPT identified the plant as Equisetum sp., adding habitat
details, such as moist mountainous areas. Gemini Al provided the species name without
additional context.

Question Code A13: Explaining differences between tropophyll (sterile) and
sporophyll (fertile) leaves. ChatGPT linked their functions to photosynthesis and spore
production, integrating their roles in the fern life cycle. Gemini Al provided the correct
answer but lacked depth.

Question Code A14: Classifying and identifying benefits of Pteridophytes. ChatGPT
included classifications such as Adiantum (ornamental), Lycopodium (herbal
medicine), and Azolla (green fertilizer), connecting benefits to plant classes. Gemini
Al listed classifications without discussing uses.

Question Code A1S5: Explaining haploid and diploid stages in Pteridophyte
metagenesis. ChatGPT explained that the gametophyte arises from spores via meiosis
(haploid), while the sporophyte arises from a zygote (diploid), linking meiosis to the
plant life cycle. Gemini Al’s response, though accurate, lacked detailed connections.
Question Code A16: Outlining a practical experiment to observe Azolla pinnata and
Sphagnum sp. using eosin solution. ChatGPT gave a detailed procedure, including
preparation, observation duration, and analysis. Gemini Al provided a brief response
without technical specifics.

Question Code A17: Identifying tools for anatomical observation of Sphagnum sp.
ChatGPT listed tools like microscopes, slides, pipettes, tweezers, and cutters,
explaining each tool's purpose. Gemini Al mentioned only basic tools, omitting
functional details.

Question Code A18: Formulating a hypothesis for eosin absorption experiments.
ChatGPT proposed a theory based on physiological differences between Azolla and
Sphagnum, such as vascular tissue efficiency, supported by biological reasoning.
Gemini Al offered a simpler hypothesis without elaboration.

Question Code A19: Evaluating incorrect statements about moss and fern
morphology. ChatGPT explained the gametophyte dominance in mosses and
sporophyte dominance in ferns, highlighting additional distinctions like true roots,
stems, and leaves. Gemini Al only identified generational dominance differences.
Question Code A20: Determining germination types in Monocots and Dicots.
ChatGPT provided examples of epigeal germination (cotyledons above ground) and
hypogeal germination (cotyledons underground). Gemini Al answered correctly but
omitted comparative details.
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Policy Recommendations

In advancing higher-order thinking skills (HOTS) based learning, the
indispensable role of teachers remains at the forefront, even amidst the growing integration
of Al tools such as ChatGPT and Gemini Al. While these tools hold considerable potential
to enrich the educational process, their efficacy hinges on deliberate and well-structured
implementation strategies. Teachers must be active facilitators and validators with
actionable methodologies to incorporate Al into lesson planning, assessment, and
classroom management.

Teachers can use ChatGPT to craft analytical scenarios (C4) or in-depth evaluative
materials during lesson planning. At the same time, Gemini Al is well-suited for designing
creative tasks that involve planning and production (C6). In assessment, teachers play a
pivotal role in validating Al-generated responses to ensure accuracy and alignment with
learning objectives. For instance, ChatGPT’s comprehensive and detailed answers can
serve as a foundation for facilitating in-depth classroom discussions encouraging critical
and analytical thinking. Conversely, Gemini Al’s concise responses can be utilized as
comparative tools for exploring alternative solutions or initiating talks.

Al can also enhance classroom management when strategically integrated into
learning activities. ChatGPT excels in providing elaborate explanations to help students
grasp complex concepts, whereas Gemini Al is ideal for quick, formative assessments like
quizzes. However, direct teacher intervention is crucial for tasks that necessitate intricate
cognitive processes or procedural knowledge. Teachers can guide students through
complex problem-solving steps, ensuring they understand the logical connections between
each phase and the expected outcomes.

To maximize the utility of Al, teachers require a structured framework for
validating Al-generated responses. This framework should include aligning Al outputs
with curricular standards, posing follow-up questions to deepen students' comprehension,
and engaging students in critically evaluating Al-provided answers as an exercise in
analytical reasoning. Such measures enhance learning accuracy and reinforce students'
critical, creative, and problem-solving skills.

Consequently, policies governing the use of Al in education must unequivocally
establish teachers as the primary arbiters of these tools. Teachers must ensure that Al
serves as a complement to, rather than a replacement for, their pedagogical expertise. By
maintaining this balance, Al technologies such as ChatGPT and Gemini Al can become
powerful instruments in creating an effective, meaningful, student-centered learning
environment that fosters enduring understanding.

CONCLUSION

This study demonstrates that ChatGPT and Gemini Al exhibit distinct strengths
and weaknesses in addressing questions about higher-order thinking skills (HOTS).
ChatGPT excels in cognitive dimensions involving analysis (C4) and factual knowledge,
offering detailed and comprehensive responses. In contrast, Gemini Al performs better in
creation (C6) tasks and processes requiring concise, direct answers, such as production or
planning. However, both Als encounter challenges with procedural knowledge-based
questions and complex cognitive processes. The average accuracy difference between the
two is not statistically significant, indicating that their overall performance is relatively
comparable, with each Al excelling in different areas. The consistency and quality of their
responses vary depending on the complexity of the questions and the type of knowledge
being assessed. ChatGPT and Gemini Al can significantly contribute to learning,
particularly in HOTS-based questions. Nevertheless, it is essential to emphasize that the
successful implementation of Al in education depends heavily on how teachers utilize
these technologies to enhance learning rather than as substitutes for their roles in guiding
and supporting students.
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IMPLICATIONS

ChatGPT, with its ability to provide detailed and comprehensive responses, is
well-suited for supporting analytical and evaluative tasks that require in-depth exploration.
Its more elaborate answers can serve as a foundation for class discussions, encouraging
students to think critically and develop a deeper understanding of concepts. On the other
hand, Gemini Al, with its concise and direct answers, is ideal for quick learning activities
such as quizzes or tasks requiring time efficiency. These differences highlight the potential
for both Als to be used complementarily to address diverse learning needs.

However, the study also identifies limitations in both Als, particularly with
questions involving procedural knowledge and more complex cognitive processes. These
challenges underscore the critical role of teachers in validating Al-generated answers and
providing direct guidance to students. Teachers are responsible for ensuring that students
receive correct answers and grasp the underlying reasoning. In this context, Al responses
can serve as starting points for discussion or as tools to explain concepts, but teachers
remain the primary agents in fostering students' understanding.

Furthermore, integrating Al into learning must be strategically designed to
maximize its effectiveness. ChatGPT can support tasks requiring in-depth elaboration,
while Gemini Al can be utilized in simpler, more straightforward contexts. The use of Al
should complement, not replace, the essential human interactions that are central to the
educational process. With the right approach, these technologies can enhance learning
quality, help students develop higher-order thinking skills, and support teachers in creating
richer and more diverse educational experiences.
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