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Abstract: Artificial intelligence technology has been integrated into educational practices and is
considered to have a significant influence in improving the teaching and learning process. Biology
is one of the science subjects considered as a complex subject and requires deep understanding.
The presence of ChatGPT answers the existing problems by offering personalized explanations,
interactive feedback, and structured answer recommendations to improve students' understanding
and critical thinking. The application of artificial intelligence such as ChatGPT to educational
practices has opened up new opportunities to improve learning processes and outcomes. This
study explores the effect of using ChatGPT as a pedagogical tool on cognitive engagement and
academic achievement of Biology students. This study uses a cross-sectional quantitative survey
method with Structural Equation Modeling analysis. The research sample was Biology students
consisting of three different batches. The results showed that ChatGPT as a pedagogical tool
significantly increased students' cognitive engagement, which then could also mediate its effect
on students' academic achievement. In addition, cognitive engagement also has an impact on the
formation of Biology students' academic achievement. In general, these findings highlight a good
relationship between ChatGPT use, cognitive engagement, and academic achievement, and
underline its potential to create a student-centered adaptive learning environment. However,
ChatGPT also has some drawbacks, such as over-reliance on technology by students, potential
errors in assessment, and inequity related to access to computer devices. This study shows the
importance of introducing and using artificial intelligence technology in learning strategies. The
results can also provide recommendations for the development of Al in education from a research
perspective for educators to make decisions. Further research is needed to explore the relationship
in various educational contexts and populations.
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» INTRODUCTION

The development of artificial intelligence or Al has grown very rapidly in the last
three years. Al provides major breakthroughs in various sectors, including in the world
of education. The current innovation that is often used is the use of Al-based tools
ChatGPT, a generative language model designed to understand and respond to text
quickly and humanely. The presence of ChatGPT is able to provide new opportunities in
the learning process, students can gain access to general information, problem solutions,
and feedback interactively (Chen et al., 2020; Truong, 2023). As a pedagogical tool,
ChatGPT is able to provide more effective, personal, and student-based learning facilities
(Alshehri, 2023; Gokoglu, 2024; Ibrahim, 2024). In the context of biology learning for
Biology students, the challenge of understanding complex concepts such as biochemistry,
genetics, and ecology becomes a complicated thing, but the use of ChatGPT is a solution
to support a more efficient and in-depth learning process.
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One of the components in the learning process is cognitive engagement in which it
involves the student actively thinking about ideas, processing the information and linking
concepts learned. (EI-Mansy et al., 2022; Jamaluddin et al., 2023; Naibert et al., 2022).
Biology students are confronted with highly complex materials that demand not only
analytical but also critical understanding. Previous studies suggested that technology-
based learning tools increase cognitive engagement by offering access to relevant,
interactive information and meaningful learning experiences (Lehmeidi Dong et al.,
2023). Example is ChatGPT who can help students contextually respond to questions and
provoke critical students to think about researchers being learned (Alshehri, 2023).
Despite this potential, the specific impact of the use and utilization of ChatGPT in
promoting cognitive engagement of biology students needs to be more widely explored,
because it requires further exploration.

Another important indicator of a student’s educational success is academic
achievement, which is the outcome of the learning process itself (Manahan, 2024; Zhu
et al., 2018). Biology students, for instance, should know how to make sense of complex
material, what areas of lab research are needed and how to create new solutions to
biological problems. Technological tools like ChatGPT show to be an enormous support
in attaining better academic achievement via task assistance, relevant writing ideas, and
the provision of customized learning the best (Dai, 2023; Huesca, 2024; Worthing, 2024).
However, the causal relationship between ChatGPT use, cognitive engagement, and
Biology students’ academic achievement has not been widely studied empirically,
especially in the context of technology-based learning design in higher education settings.

Globally, various studies have shown that digital learning technologies can have a
positive impact on students’ learning motivation and engagement. Al technologies, such
as ChatGPT, provide easy access to learning resources, accelerate information retrieval,
and encourage learning autonomy (Niraula, 2024; Park & Kwon, 2023; Samala, 2024; S.
Xu & Li, 2022). However, challenges remain, such as the potential for technology
dependence and minimal development of critical thinking skills if technology is not
optimally integrated. For Biology students, who require deep analytical skills and data-
driven approaches, it is important to explore how ChatGPT can be used to enhance
cognitive engagement without sacrificing the depth of the scientific learning process.

The local context, Biology students in Indonesia face more obstacles, such as
limited access to information sources and limited quality educational curriculum due to
the lack of adequate technological support. However, in complex courses, such as
biology, ChatGPT can make the learning process easier and more efficient. ChatGPT can
help Biology students not only have continuous knowledge by increasing more specific
and structured knowledge, but can also provide quality and more appropriate advice for
students who are in the process of achieving optimal academic success and learning
success. However, empirical research is needed to measure how ChatGPT technology has
the potential to support students' learning processes at various universities in Indonesia.

This study seeks to address the gap in the literature by investigating the impact of
ChatGPT use on the level of cognitive engagement and academic achievement of Biology
students. Using SEM, this study will not only investigate the impact of ChatGPT adoption
on learning outcomes (academic achievement), but also explain the mechanisms used by
cognitive engagement to mediate this relationship.This study will also identify factors
that can maximize the benefits of ChatGPT in learning, such as integration with
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pedagogical strategies that are appropriate for Biology courses. The research hypothesis
states that there is a synergistic relationship between the influence of;

H1 ChatGPT as a pedagogical tool towards cognitive engagement,

H2 ChatGPT as a pedagogical tool towards academic achievement,

H3 Cognitive engagement towards academic achievement,

H4 ChatGPT as a pedagogical tool towards academic achievement through cognitive
engagement.

The results of this study are expected to not only contribute to scientific literature,
but also become the basis for developing technology-based education policies in
Indonesia. By emphasizing the importance of integrating Al technology into learning, this
study aims to support improving the quality of higher education, especially in the field of
Biology, and to help students overcome learning challenges in the digital era. It is also
expected to provide practical recommendations for lecturers and educational institutions
to optimize the potential of Al technology in supporting more adaptive and innovative
learning.

NS

« METHOD
Types and Research Design

This study used a quantitative approach with a cross-sectional survey design (Hair
et al., 2019) to evaluate the relationship between ChatGPT usage, cognitive engagement,
and students' academic achievement (Figure 1). This approach was chosen because it is
able to identify causal relationships empirically at a certain time. Structural Equation
Modeling (SEM) is used as an analysis method to test direct and indirect relationships
between variables in the research model.

Cognitive
Engagement
(CGE)
ChatGPT as a Academic
Pedagogical Tool » Achievement
(GPT) (ACA)

Figure 1. SEM model diagram

Population and Sample

The population of the study was Biology students of FMIPA, Makassar State
University (UNM) consisting of three different batches, namely the 2022-2023, 2023-
2024, and 2024-2025 batches (Table 1). Samples were taken using stratified random
sampling techniques based on gender and batch year so that the research sample can truly
represent the characteristics of the entire population and, so that the research results are
more accurate and reliable. The sample was taken using a stratified random sampling
technique based on gender and batch year. The research subjects were required to be
active students, have used ChatGPT for learning purposes for at least the last three
months, and are willing to participate voluntarily by providing written consent. A total of



352 students qualified as respondents from 614 students. The sample size was determined

Jurnal Pendidikan MIPA, 26 (1), 2025, 36-50

| 39

based on the rule of at least 10 times the number of indicators in the SEM model to ensure
the accuracy of the analysis results.

Tabel 1. Research samples from three different levels

Items Year Amount Percentage (%)
Male Student 2022-2023 59 16.76
2023-2024 51 14.49
2024-2025 58 16.48
Total 168 47.73
Female Students 2022-2023 49 18.47
2023-2024 54 16.19
2024-2025 50 17.61
Total 184 52.27

Research Instrument

The research instrument was a structured questionnaire using a 4-point Likert scale,

ranging from strongly disagree (1), disagree (2) agree (3), and, strongly agree (4). The
questionnaire was developed based on relevant literature and has been validated by three
education experts, biology education, and education practitioners. The average validation
of the instrument is in the valid category with a score of 3.83 (scale 1-4). After the
instrument was validated, the instrument was tested on 30 students to see the ease of
filling in order to avoid anomalies. The instrument can be seen in Table 2.

Table 2. Statement of each variable item in the research instrument

Variable Survey Item Statement
Items
GPT1 | use ChatGPT to understand difficult concepts in lessons
GPT2  ChatGPT helps me find answers to questions | don't understand while

studying.

GPT3 | feel that ChatGPT provides clear and easy-to-understand explanations.

GPT4  ChatGPT motivates me to learn more about the topics | study.

GPT5 | often use ChatGPT as a primary reference in completing schoolwork.

GPT6  Using ChatGPT makes it easier for me to plan my study strategies.

GPT7 Chat(_BPT helps me improve my critical thinking skills in understanding
learning concepts.

CGE1 1 actively think about the best way to understand the subject matter.

CGE2 1 analyze the information I receive before using it to complete
assignments.

CGE3  1try to connect new concepts with the knowledge | already have.

CGE4 1 process the information | learn deeply to understand it thoroughly.

CGE5 | use specific strategies to help me understand complex material.

CGE6 | frequently evaluate my understanding of the subject matter that has been
studied.

CGE7 | feel actively involved in the learning process, both in class and

independently.
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ACAl | get better grades on exams after using certain study methods.

ACA2 | can complete schoolwork on time with satisfactory quality.

ACA3 | am able to understand the subject matter better than before.

ACA4 | often achieve the academic goals | have set for myself.

ACA5 | receive recognition or appreciation from my teachers for my improved
academic performance.

ACAG6 | feel more confident in answering questions or taking tests in class.

ACA7 | am able to apply the concepts I have learned to solve problems or case
studies.

ACA8 | feel motivated to continue improving my academic performance each
semester.

Data Collection Procedure

Data were obtained by distributing questionnaires online. Before filling out the
questionnaire, respondents were given a detailed explanation of the purpose of the study
and instructions for filling out the questionnaire to ensure adequate understanding. The
data collection process lasted for 3 weeks, accompanied by regular monitoring to ensure
an optimal response rate. Only questionnaires that were completely and validly filled out
were used in the analysis, in order to maintain the accuracy and quality of the data
obtained.

Data Analysis Technique

Measurement and structural models were assessed with SmartPLS 3.0 software in
this study. The analysis was conducted in two principal parts. The first part is the
assessment of the measure model, where construct validity is performed using Outer
Loading >70, Average Variance Extracted (AVE) with a cut-off value >0.5, whereas
reliability is evaluated using Composite Reliability (CR) and cronbach's alpha with a cut-
off value >0.7 (Hair et al., 2019). Furthermore, the discriminant validity is tested through
the Fornell-Larcker criteria (Barclay & Thomson, 1995; Fornell & F. larcke, 1981). The
second stage is the assessment of the structural model, testing of which path is significant
with the use of the bootstrapping method at a 95% confidence level (p <0.05) (Henseler,
2012). The R2 value is used to capture the degree of predictive power of endogenous
variables, with the categories of low (0.25), moderate (0.50) and strong (0.75).
Additionally, the direct, indirect and total effects between exogenous and endogenous
variables were evaluated to assess mediation pathways in the research model. This yields
a full analysis of the relationships between the various variables within the research
model.

Research Ethics

This study adheres to the principles of research ethics, including voluntary
participant consent, data confidentiality, and use of data for academic purposes only. A
research permit was submitted and approved by the relevant institution prior to
implementation.
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= RESULT AND DISSCUSSION

The statistics of the GPT variable presented in Figure 2 indicate a relatively stable
average score, GPT5 having the highest and GPT6 having the lowest score (3.38 and 3.19,
respectively), suggesting variances in how the ChatGPT influences the process of
learning. In the Cognitive Engagement (CGE) variable, CGE2 has a score of 3.34, which
means that it is the variable with the highest level of cognitive engagement among the
rest. In addition, the Academic Achievement (ACAS8) variable item is the highest.
Overall, these data reflect that using ChatGPT can bolster cognitive engagement among
students and potentially impact students academic achievement.
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Figure 2. Average description variable items

Table 3 shows that all Outer Loadings item values have values >0.7, indicating that
these indicators have a strong contribution to each latent variable. In addition, the
Cronbach's Alpha and Composite Reliability values for the three variables are above 0.7
(range 0.926-0.948), indicating a very good level of internal consistency reliability.
Construct validity is also confirmed by the Average Variance Extracted (AVE) value >0.5
for each variable, namely 0.696 for ChatGPT as a Pedagogical Tool and Academic
Achievement, and 0.693 for Cognitive Engagement. These results indicate that the
measurement model has adequate validity and reliability, so it can be used to analyze the
relationship between variables in the structural model.

Table 3. Results of the analysis of the measurement model with validity and reliability
indicators

Variable/ Variable Outer Cronbach's  Composite AVE
Construct Items Loadings Alpha Reliability
GPT1 0.837
GPT2 0.842
ChatGPT as a GPT3 0.877
Pedagogical GPT4 0.815 0.927 0.941 0.696
Tool GPT5 0.832
GPT6 0.812

GPT7 0.821
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CGE1 0.835
CGE2 0.823
Cognitive CGE3 0.865
Engagement CGE4 0.829 0.926 0.940 0.693
CGE5 0.821
CGE6 0.800
CGE7 0.853
ACAl 0.839
ACA2 0.874
ACA3 0.874
Academic ACA4 0.864
Achievement ACA5 0.835 0.937 0.948 0.696
ACAG 0.824
ACAT7 0.831
ACA8 0.726

Table 4 shows the results of the diagonal value test (square root of AVE) for each
variable is greater than the correlation value with other variables, namely 0.858 for
ChatGPT as a Pedagogical Tool (GPT), 0.887 for Cognitive Engagement (CGE), and
0.832 for Academic Achievement (ACA). This shows that each construct has adequate
discriminant validity, because the construct is stronger in explaining its own indicator
variable than in relation to other constructs. The correlation value between variables, such
as between GPT and CGE (0.835) or between GPT and ACA (0.834), shows a strong
relationship but does not exceed the diagonal value, thus supporting the integrity of the
measurement model. This discriminant validity ensures that the constructs in the study
can be distinguished conceptually and analytically.

Table 4. Descriptive fornell-larcker criterion

Variable GPT CGE ACA
GPT 0.858
CGE 0.835 0.887
ACA 0.834 0.834 0.832

Table 5 indicates that the loading values of all items are greater than the loading
values of the other constructs. That means that each item represents a greater value of
the intended construct versus other constructs. These findings bolster the convergent
validity of findings that the indicators utilized possess the capability to differentiate
between the investigated variables.

Table 5. Item variable cross-loading

Variable Items GPT CGE ACA
GPT1 0.872 0.818 0.684
GPT2 0.705 0.799 0.751
GPT3 0.715 0.918 0.745
GPT4 0.717 0.842 0.791
GPT5 0.700 0.823 0.759

GPT6 0.892 0.419 0.715
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GPT7 0.873 0.949 0.725
CGE1 0.764 0.835 0.740
CGE2 0.689 0.823 0.680
CGE3 0.734 0.865 0.692
CGE4 0.729 0.829 0.718
CGES5 0.752 0.821 0.680
CGEb6 0.734 0.800 0.734
CGE7Y 0.757 0.853 0.748
ACA1l 0.674 0.680 0.839
ACA2 0.740 0.728 0.874
ACA3 0.667 0.717 0.874
ACA4 0.664 0.687 0.864
ACA5 0.714 0.733 0.835
ACA6 0.675 0.714 0.824
ACA7 0.736 0.750 0.831
ACA8 0.691 0.704 0.726

Hypotheses H1-H4 are accepted. Shown in Figure 3 and Table 6, when using
ChatGPT as a pedagogical tool (GPT), it had a considerable direct effect on cognitive
engagement (CGE) with a path coefficient of f = 0.887, T-statistic value of 36.980, and
p < 0.001. These results are indicative of the cognitive engagement can be increased by
technology that promotes interactivity since it shares useful information, provides
immediate feedback, and flexible access to learning resources that affect cognitive
engagement among students (Nkomo & Daniel, 2021; Soffer et al., 2019). The results
also suggest a significant direct effect of GPT on academic achievement (ACA), =
0.349, T-statistics: 6.319, p <0.001, suggesting that through the use of ChatGPT, students
will help enhance their learning outcomes such as understanding the material, quality of
assignments, and exam performance. This effect was in line with the findings of Celik
(2024), which reported that Al-based tools foster problem solving and enhance the
analytical abilities of students.

In cognitive engagement (CGE) it is also proven to significantly affect academic
achievement (ACA) with a path coefficient of B = 0.548, a T-statistic value of 10.256,
and p < 0.001. This finding strengthens the cognitive motivation theory, which states that
students with high levels of cognitive engagement tend to achieve better academic results
because they are more active in analyzing, evaluating, and applying information in
various contexts (Hesam & Abedi, 2020; Huesca, 2024). Thus, cognitive engagement not
only functions as a result of technology use, but also as a determining variable in
improving academic achievement.

These results are in line with previous studies highlighting the role of Al-based
tools in enhancing cognitive engagement and academic achievement. Studies such as
Mayarni & Nopiyanti (2021) showed that interactive digital tools significantly improved
students’ critical thinking and analytical skills, in line with the strong direct relationship
between GPT and CGE observed. Similarly, the finding that CGE is a significant
predictor of ACA is in line with Khan et al., (2023), who showed that higher cognitive
engagement contributes to improved academic achievement. However, the relatively
weaker direct effect of GPT on ACA (compared to the effect of CGE on ACA) contrasts
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Figure 3. Path diagram
with studies that suggest that technology alone can directly improve learning outcomes.
This difference emphasizes the importance of intermediary cognitive processes in
harnessing the benefits of educational technology (Petrova et al., 2018; Wati et al., 2021).

Table 6. Direct path analysis

- Sample Standard -
Path Sgr::gllg?[l}) Mean Deviation ([[)?St?rtgltzla) P Values

P (M) (STDEV)

ChatGPT as a

Pedagogical Tool

(GPT) -> Cognitive 0.887 0.885 0.024 36.980 0.000

Engagement (CGE)

ChatGPT as a

Pedagogical Tool

(GPT) -> Academic 0.349 0.346 0.055 6.319 0.000

Achievement (ACA)

Cognitive

Engagement (CGE)- ) 54g 0.549 0.053 10.256 0.000

> Academic

Achievement (ACA)

Table 7 shows ChatGpt as a pedagogical tool (GPT) affects Academic Achievement
(ACA) indirectly through Cognitive Engagement (CGE) (B = 0.486, T-statistic value =
9.337, p < 0.001). That cognitive engagement act as an important mediator in improving
the relationship between usage of ChatGPT and learning outcomes of students. This
finding, corroborated by the mediation theory proposed by Baron and Kenny (1986) and
Jaya (2018), states that independent variables can have an indirect effect on dependent
variables through mediation variables. More specifically, ChatGPT contributed to higher
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cognitive engagement through interactive and responsive learning, thereby facilitating
students’ academic success. According to Lumsden et al.,, (2016), and Dao &
McDonough, (2018), where significant cognitive engagement enables students to deeply
process information, connecting concepts to diverse domains, and accomplish tasks more
proficiently. In addition, factors that always involve active attention, reflection, and
information processing, play a crucial role in optimizing learning, which is why cognitive
engagement is important as a mediation tool . ChatGPT can facilitate this process by
providing explanations, answering questions, and offering learning resources, but success
in academic achievement depends more on how deeply students engage with the material
being studied (Jacob et al., 2020; Setiawan, 2023). Therefore, cognitive engagement
serves as a mediator that strengthens the relationship between ChatGPT use and better
academic outcomes. This mediating effect signifies that ChatGPT's usage as a direct tool
translates to improved academic achievement, but also provides a more reflective and
meaningful learning experience via greater cognitive engagement, and encourages quality
learning.

Table 7. Indirect path analysis

Original Standard _
Sample L T Statistics P
Path Sample Deviation
®) Mean (M) (STDEV) (|O/ISTDEV|) Values
ChatGPT as a
Pedagogical Tool
(GPT) -> Cognitive 0.486 0.486 0.052 9.337 0.000

Engagement ->
Academic
Achievement (ACA)

The use of ChatGPT as a pedagogical tool has a significant positive impact on the
cognitive engagement and academic achievement of Biology students. ChatGPT is able
to facilitate the learning process by providing contextual explanations, relevant answers,
and interactive guidance, thus encouraging students to think more critically, analyze
information, and connect new concepts with existing knowledge (Ajlouni, 2023; X. Xu,
2024). This increased cognitive engagement directly contributes to academic
achievement, as students who are more cognitively engaged tend to have a deeper
understanding of the material, better ability to complete assignments, and higher
confidence in facing exams. In addition, ChatGPT also helps students develop more
effective and independent learning strategies, which cumulatively have a positive impact
on their learning outcomes (Shaikh, 2023; Tian, 2024). Thus, ChatGPT is not only a
learning support tool, but also plays a role in creating a more productive and student-
centered learning experience.

These findings elucidate the transformative potential of ChatGPT as a pedagogical
tool, particularly in facilitating cognitive engagement, an important mediator of
educational attainment. Results support the hypothesis that the incorporation of Al-based
applications like ChatGPT can foster higher-order thinking and lead to improved
educational results. Additionally, given the strong mediation relationship, educators
should focus on designing interventions that cognitively engage students while the
technology is integrated. These findings may also play a role in shaping curricula that
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emphasize the complementary function of Al tools to facilitate active and quality learning
(Tolentino, 2024; Williams et al., 2022; Woo et al., 2020). Future studies must assess the
long-term effectiveness of GPT for enhancing academic performance and its role across
various educational settings, to ensure wider relevance and lasting effect.

Though the use of ChatGPT as a pedagogical tool has its merits, it has the potential
to negatively affect Biology students’ cognitive engagement and their academic
achievement. As positive as it can be, the presence of ChatGPT has the potential for a few
negative consequences, one of the main ones being the risk of students becoming reliant
on ChatGPT for discussions, which will hinder their critical thinking strategies when the
tool is not present and in solve problems independently (Hasanein, 2023; Victor, 2024).
Students become more dependent on ChatGPT's instant answers, and without realising
they are not seeking solutions by exploring concepts in depth. Moreover, if the
information provided by ChatGPT is sometimes incorrect or missing context, students
run the risk of adopting misconceptions that negatively affect their academic performance
(Newton, 2023; Sumbal, 2024; Zeb, 2024). While ChatGPT is a useful tool in the learning
process, it is also unable to replace human interaction entirely, as it is unable to provide
any emotional or in-depth feedback which is most often gained through face-to-face
conversations with lecturers and peers (Haqqu, 2024; Seo et al., 2021). Finally, inequality
of access to this technology particularly among students with weaker digital
infrastructure threatens to widen learning outcome disparities. So while ChatGPT has
much benefits, we need to balance its use with methods that foster independent learning
and information validation.

= CONCLUSION

The study demonstrates that ChatGPT as an instructional tool significantly
enhances cognitive engagement and academic achievement in Biology students. It was
found that using ChatGPT significantly increased cognitive engagement, promoting
critical thinking, analytical skills, and a deeper understanding of complex concepts.
Additionally, cognitive engagement served as a mediator, further reinforcing the positive
link between the use of ChatGPT and academic achievement, highlighting the crucial role
of active cognitive involvement in optimizing learning outcomes.

Integrating ChatGPT in educational strategies could transform interactive and
adaptive learning environments to support reflective and self-directed learning. But to
ensure meaningful and equitable learning experiences, we must respond to challenges
such as potential technology dependency and inequitable access to digital tools. This
research complements the existing literature on Al-assisted learning and offers
actionable guidance to educators and policymakers to leverage ChatGPT and similar tools
effectively for fostering academic achievement and cognitive development. Future
research should determine the applicability of Al-driven pedagogical tools in more
diverse educational environments and their long-term effects on learning.

This study has several limitations and limitations that need to be considered. One
of the main limitations is the population of students who have access to digital technology
and ChatGPT, so the results of this study may not be generalizable to all students,
especially those in areas with limited digital infrastructure. In addition, this study also
used a cross-sectional design, which limits the ability to identify causal relationships
longitudinally and evaluate changes in research variables over time. These limitations
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indicate the need for caution in interpreting the results and suggest further studies with
longitudinal designs and more diverse populations to provide deeper insights.

» REFERENCES

Ajlouni, A. O. (2023). Students’ attitudes towards using chatgpt as a learning tool: the
case of the university of Jordan. International Journal of Interactive Mobile
Technologies (ljim). https://doi.org/10.3991/ijim.v17i18.41753

Alshehri, B. (2023). Pedagogical paradigms in the ai era: insights from saudi educators
on the long-term implications of ai integration in classroom teaching. ljesa.
https://doi.org/10.59992/ijesa.2023.v2n8p7

Barclay, D. W., & Thomson, R. (1995). The partial least squares (pls) approach to causal
modeling, personal computer adoption and use as an illustration. Technology
Studies, 2(2), 296-297.

Baron, R. M., & Kenny, D. A. (1986). The moderator-mediator variable distinction in
social psychological research: conceptual, strategic, and statistical considerations.
Journal of Personality and Social Psychology. https://doi.org/10.1037//0022-
3514.51.6.1173

Celik, 1. (2024). The affordances of artificial intelligence-based tools for supporting 21st-
century  skills:  Australasian  Journal ~of Educational  Technology.
https://doi.org/10.14742/ajet.9069

Chen, L., Chen, P., & Lin, Z. (2020). Artificial intelligence in education: A Review. leee
Access. https://doi.org/10.1109/access.2020.2988510

Dai, W. (2023). Can large language models provide feedback to students? a case study
on ChatGPT. https://doi.org/10.1109/icalt58122.2023.00100

Dao, P., & McDonough, K. (2018). Effect of proficiency on vietnamese efl learners’
engagement in peer interaction. International Journal of Educational Research.
https://doi.org/10.1016/j.ijer.2018.01.008

El-Mansy, S. Y., Barbera, J., & Hartig, A. J. (2022). Investigating small-group cognitive
engagement in general chemistry learning activities using qualitative content
analysis and the ICAP Framework. Chemistry Education Research and Practice.
https://doi.org/10.1039/d1rp00276g

Fornell, C., & F. larcke, D. (1981). Fornell, C., & Larcker, D. F. (1981). Evaluating
structural equation models with unobservable variables and measurement error.
Journal of Marketing Research, 18(1), 39-50.

Gokoglu, S. (2024). Challenges and limitations of generative ai in education.
https://doi.org/10.4018/979-8-3693-1351-0.ch008

Hair, J. F., Risher, J. J., Sarstedt, M., & Ringle, C. M. (2019). When to use and how to
report the results of PLS-SEM. European Business Review, 31(1), 2-24.

Hagqu, R. (2024). Interaction process between humans and chatgpt in the context of
interpersonal communication. Jurnal llmiah Liski (Lingkar Studi Komunikasi).
https://doi.org/10.25124/liski.v10i1.7216

Hasanein, A. M. (2023). Drivers and consequences of chatgpt use in higher education:
key stakeholder perspectives. European Journal of Investigation in Health
Psychology and Education. https://doi.org/10.3390/ejihpe13110181

Henseler, J. (2012). PLS-MGA: A Non-parametric approach to partial least squares-based
multi-group analysis. In W. A. Gaul, A. Geyer-Schulz, L. Schmidt-Thieme, & J.



48

Jurnal Pendidikan MIPA, 26 (1), 2025, 36-50

Kunze (Eds.), Challenges at the Interface of Data Analysis, Computer Science, and
Optimization (pp. 495-501). Springer Berlin Heidelberg.

Hesam, M., & Abedi, A. (2020). Enhancing academic engagement of underachieving
gifted students: the effects of martin’s educational program. Journal of Education
and Health Promotion. https://doi.org/10.4103/jehp.jehp_715_19

Huesca, G. (2024). Effectiveness of using chatgpt as a tool to strengthen benefits of the
flipped learning strategy. Education Sciences. https://doi.org/10.3390/educsci
14060660

Ibrahim, A. B. (2024). Assessing the knowledge and perception of artificial intelligence
for teaching and research among lecturers in the faculties of arts in Nigeria. Journal
of Global Research in Education and Social Science.
https://doi.org/10.56557/jogress/2024/v18i28671

Jacob, M., Putri, Y. W., & Sihombing, S. O. (2020). Predicting green product purchase:
applying a cognitive-affective-behavior hierarchy. Jurnal Siasat Bisnis.
https://doi.org/10.20885/jsb.vol24.iss2.artl

Jamaluddin, A. Bin, Palennari, M., Fatmawati, A., & Rosba, E. (2023). SIRI learning
model in empowering biology students’ critical thinking. Jurnal Penelitian
Pendidikan IPA, 9(Speciallssue), 22-29. https://doi.org/10.29303/jppipa.v9i
specialissue.5511

Jang Jaya, R. S. (2018). The influence of transformational leadership on organizational
commitment and job satisfaction with procedural justice as mediating variable.
Benefit Jurnal Manajemen Dan Bisnis. https://doi.org/10.23917/benefit.v3i1.5155

Khan, H. A., Gul, R., & Zeb, M. (2023). The effect of students’ cognitive and emotional
engagement on students’ academic success and academic productivity. Journal of
Social Sciences Review. https://doi.org/10.54183/jssr.v3i1.141

Lehmeidi Dong, M., Feng, Z., McLamb, F., Griffin, L., Vazquez, A., Hirata, K. K,,
Bozinovic, L., Vasquez, M. F., & Bozinovic, G. (2023). Life science research
immersion program improves stem-specific skills and science attitudes among
precollege students. Journal of Microbiology & Biology Education, 24(1).
https://doi.org/10.1128/jmbe.00078-22

Lumsden, J., Edwards, E. A., Lawrence, N., Coyle, D., & Munafo, M. R. (2016).
Gamification of cognitive assessment and cognitive training: a systematic review
of applications and efficacy. Jmir Serious Games. https://doi.org/10.2196/
games.5888

M. Manahan, M. J. (2024). learning environment and factors of academic performance
among BSED Students. International Journal of Research Publications.
https://doi.org/10.47119/ijrp1001431220246138

Mayarni, M., & Nopiyanti, E. (2021). Critical and analytical thinking skill in ecology
learning: a correlational study. Jpbi (Jurnal Pendidikan Biologi Indonesia).
https://doi.org/10.22219/jpbi.v7i1.13926

Naibert, N., Vaughan, E., Brevick, K., & Barbera, J. (2022). Exploring student
perceptions of behavioral, cognitive, and emotional engagement at the activity level
in general chemistry. journal of chemical education. https://doi.org/10.1021/acs.
jchemed.1c01051

Newton, P. M. (2023). ChatGPT performance on mcq exams in higher education. A
Pragmatic Scoping Review. https://doi.org/10.35542/0sf.io/sytu3



Jurnal Pendidikan MIPA, 26 (1), 2025, 36-50 | 49

Niraula, S. (2024). The impact of chatgpt on academia: a comprehensive analysis of ai
policies across ut system academic institutions. Advances in Mobile Learning
Educational Research. https://doi.org/10.25082/amler.2024.01.009

Nkomo, L. M., & Daniel, B. K. (2021). Sentiment analysis of student engagement with
lecture recording. Techtrends. https://doi.org/10.1007/s11528-020-00563-8

Park, W., & Kwon, H. (2023). Implementing artificial intelligence education for middle
school technology education in Republic of Korea. International Journal of
Technology and Design Education. https://doi.org/10.1007/s10798-023-09812-2

Petrova, M., Buzko, I., & Dyachenko, Y. (2018). Cognitive, intelligence technologies and
economic foundations of teaching of international economic relations and tourism.
https://doi.org/10.22616/erdev2018.17.n170

Samala, A. D. (2024). An in-Depth review of chatgpt’s pros and cons for learning and
teaching in education. International Journal of Interactive Mobile Technologies
(1jim). https://doi.org/10.3991/ijim.v18i02.46509

Seo, K., Tang, J., Roll, I, Fels, S., & Yoon, D. (2021). The impact of artificial intelligence
on learner—instructor interaction in online learning. International Journal of
Educational Technology in Higher Education. https://doi.org/10.1186/s41239-021-
00292-9

Setiawan, A. G. (2023). Student’s cognitive engagement in teaching vocabulary through
mnemonic strategy. pedagogy Journal of English Language Teaching.
https://doi.org/10.32332/joelt.v11i2.7658

Shaikh, S. (2023). Assessing the usability of chatgpt for formal english language learning.
European Journal of Investigation in Health Psychology and Education.
https://doi.org/10.3390/ejihpe13090140

Soffer, T., Kahan, T., & Nachmias, R. (2019). Patterns of students’ utilization of
flexibility in online academic courses and their relation to course achievement. The
International Review of Research in Open and Distributed Learning.
https://doi.org/10.19173/irrodl.v20i4.3949

Sumbal, A. (2024). Can ChatGPT-3.5 pass a medical exam? a systematic review of
chatgpt’s performance in academic testing. Journal of Medical Education and
Curricular Development. https://doi.org/10.1177/23821205241238641

Tian, W. (2024). Al Chatbots in chinese higher education: adoption, perception, and
influence among graduate students an integrated analysis utilizing utaut and ecm
models. Frontiers in Psychology. https://doi.org/10.3389/fpsyg.2024.1268549

Tolentino, R. (2024). Curriculum frameworks and educational programs in ai for medical
students, residents, and practicing physicians: scoping review. Jmir Medical
Education. https://doi.org/10.2196/54793

Truong, H.-L. (2023). ChatGPT in education - a global and vietnamese research
overview. https://doi.org/10.35542/osf.io/r4uhd

Victor, D. (2024). Factors and impacts of chatgpt adoptionfor academic purposes in
higher learning institutions: Students’ Perspectives. https://doi.org/10.31235/
osf.io/gkhs4

Wati, A. P., Martha, J. A., Indrawati, A., & Kamaludin, M. B. (2021). Optimizing the
cognitive abilities of students through learning methods and web-enhanced course
media. Kne Social Sciences. https://doi.org/10.18502/kss.v5i8.9389



50

Jurnal Pendidikan MIPA, 26 (1), 2025, 36-50

Williams, R., Ali, S., Devasia, N., DiPaola, D., Hong, J., Kaputsos, S. P., Jordan, B. T.,
& Breazeal, C. (2022). Al+ Ethics curricula for middle school youth: lessons
learned from three project-based curricula. International Journal of Artificial
Intelligence in Education. https://doi.org/10.1007/s40593-022-00298-y

Woo, H. S., Kim, J. H., Kim, J. M., & Lee, W. G. (2020). Exploring the Al topic
composition of k-12 using nmf-based topic modeling. International Journal on
Advanced Science Engineering and Information Technology.
https://doi.org/10.18517/ijaseit.10.4.12787

Worthing, K. A. (2024). Surveyed veterinary students in australia find chatgpt practical
and relevant while expressing no concern about artificial intelligence replacing
veterinarians. Veterinary Record Open. https://doi.org/10.1002/vro2.80

Xu, S., & Li, W. (2022). A Tool or a social being? a dynamic longitudinal investigation
of functional use and relational use of ai voice assistants. New Media & Society.
https://doi.org/10.1177/14614448221108112

Xu, X. (2024). Opportunities, challenges, and future directions of large language models,
including chatgpt in medical education: a systematic scoping review. Journal of
Educational Evaluation for Health Professions. https://doi.org/10.3352/
jeehp.2024.21.6

Zeb, A. (2024). Exploring the role of chatgpt in higher education: opportunities,
challenges and ethical considerations. International Journal of Information and
Learning Technology. https://doi.org/10.1108/ijilt-04-2023-0046

Zhu, H., Zeng, H., Zhang, H., Zhang, H., Feng-jing, W., Guo, H., & Zhang, C. (2018).
The preferred learning styles utilizing vark among nursing students with bachelor
degrees and associate degrees in China. Acta Paulista De Enfermagem.
https://doi.org/10.1590/1982-0194201800024



