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ABSTRACT: Integrating artificial intelligence (AI) in education has garnered significant attention for its potential to enhance
student engagement and improve learning outcomes. This study investigates how students' perceptions of Al, their motivation, and
the quality of laboratory facilities influence learning outcomes in the Analog Electronics Practicum course. Central to this research
is understanding how positive perceptions of Al affect student motivation and academic performance, addressing a gap in the
existing literature given the increasing integration of technology in educational settings. This research uses a quantitative approach
with path analysis to explore the relationships among Al perceptions, motivation, laboratory quality, and learning outcomes. The
findings indicate significant positive correlations: Al perceptions accounted for 23.8% of the variance in learning outcomes, while
motivation and laboratory facilities explained 48.8% and 54.4%, respectively. These results underscore the necessity of fostering
positive Al perceptions and maintaining high-quality laboratory resources to enhance student engagement and academic success.
The broader implications highlight the urgent need for educational institutions to integrate Al-driven tools and modernize laboratory
facilities, equipping students with the technical skills and ethical awareness necessary for navigating future technological challenges.
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I. INTRODUCTION

Al is transforming various sectors, and education is no
exception. Al has introduced new methods for automating
tasks,  streamlining  assessments, and  enhancing
administrative duties [1]. By handling routine processes, Al
allows educators to focus more on student interaction and
curriculum  development, ultimately enhancing the
educational experience. Al also improves learning efficiency
by offering personalized recommendations and materials for
students. For example, adaptive learning systems can modify
teaching approaches to meet individual learning needs,
providing customized content and feedback [2][3]. Chatbots
and virtual assistants enrich the learning experience by
promptly addressing students' questions.

In modern education, it is becoming increasingly essential
to equip learners with Al-related skills to prepare them for
future challenges. This includes understanding the ethical use
of Al and developing proficiency in Al technologies. As Al
advances, individuals must know how to utilize it responsibly
to thrive in society and contribute to technological progress
[4]. Integrating Al into educational systems offers
opportunities to improve institutional administration and
enhance the student learning journey [1][5]. However, these
advancements also raise concerns about privacy, ethics, and
equity, which must be addressed to ensure Al's responsible
and fair use in education.

Al's capacity to analyse student data and monitor their
progress is one of its most significant educational
contributions. This allows for the establishment of
personalized learning environments. Al-powered virtual
tutors, for instance, provide explanations, answer queries, and
deliver feedback on assignments [3][6]. This personalized
assistance has been shown to improve student engagement
and motivation, leading to better learning outcomes [7].
Additionally, Al facilitates collaborative learning
environments where students can work together to achieve
shared educational goals, combining the benefits of group
work with individualized learning experiences [8].

Laboratory work is crucial in developing students'
problem-solving skills in technical disciplines like
electronics. Al can assist in this area by analysing data,
identifying patterns, and offering innovative solutions
[9][10]. In analogue electronics, for example, Al can simulate
circuits, automate tasks, and provide real-time feedback, thus
improving the learning experience in practical settings. Al's
ability to diagnose and analyse circuits enhances the learning
outcomes in these hands-on courses, particularly when paired
with high-quality laboratory resources [5].

Al also has the potential to transform traditional laboratory
environments into interactive learning spaces. In analogue
electronics, for example, Al can simulate different electronic
circuits, enabling students to visualize how various
parameters impact circuit performance before they work with

7884

Supriadi!, ETJ Volume 10 Issue 11 November 2025


https://doi.org/10.47191/etj/v10i11.19

“The Influence of Artificial Intelligence on Learning Outcomes in Analog Electronics Practicum: The Role of
Motivation and Laboratory Facilities”

physical circuits [5][11]. This simulation-based learning
approach helps students deepen their understanding of
theoretical concepts, which leads to more efficient and
effective learning outcomes. Al also speeds up the feedback
process by automating the evaluation of practical tasks,
allowing students to receive instant feedback and improve
their skills in real-time [12]. Al-powered virtual assistants can
offer immediate support during practical sessions, helping
students troubleshoot complex electronic concepts and better
understand the material [13].

Moreover, access to well-equipped laboratory facilities is
essential in technical education, as these facilities allow
students to apply theoretical knowledge to physical circuits
and experiments. Al-driven simulations and hands-on
laboratory work provide a more comprehensive learning
experience, enabling students to engage more deeply with the
subject matter and achieve better academic performance [10].
Combining personalized feedback, Al-driven simulations,
and real-world laboratory experiments helps students develop
practical skills for success in technical disciplines.

While Al's benefits in general education are well-

documented, there is limited research on its specific impact
in technical courses such as analogue electronics. The role of
Al in improving learning motivation and providing
personalized feedback is acknowledged, but how these
factors interact with laboratory facilities to influence student
performance remains underexplored. This gap in the literature
underscores the need for research that examines the
interaction between Al, learning motivation, and laboratory
resources in shaping student learning outcomes in technical
education.
This study aims to investigate the influence of Al on student
learning outcomes in the Analog Electronics Practicum
course, focusing on how learning motivation and access to
laboratory facilities moderate the effects of Al on these
outcomes. The findings of this research will provide valuable
insights into how AI can be effectively integrated into
technical education to improve theoretical understanding and
practical skills. By addressing the gaps in the literature, this
study aims to contribute to the ongoing conversation about Al
in education and offer recommendations for optimizing Al-
driven learning environments in technical disciplines.

II. MATERIALS AND METHODS

This research was conducted at the Department of
Electronics Engineering Education, Universitas Negeri
Makassar, focusing on students enrolled in three specific
study programs participating in the Analog Electronics
Practicum course during the odd semester of the 2023-2024
academic year. The study followed an ex post facto approach,
suitable for research where the independent and dependent
variables already exist and are beyond the researcher’s
control [14]. The ex post facto design allows examining the
relationships between pre-existing variables and their effects

on outcomes rather than manipulating variables
experimentally [15].

A. Data Collection

The data collection process for this study involved several
steps to ensure comprehensive insights into the influence of
Al, learning motivation, and laboratory facilities on student
learning outcomes. First, a random sample of 82 students was
selected from 103 enrolled in the Analog Electronics
Practicum course within the Department of Electronics
Engineering Education. Participants were recruited using
simple random sampling, where each student had an equal
chance of being selected from the course roster provided by
the department. This method ensured representativeness and
minimized selection bias [16].

The primary data collection instruments used in this study
were questionnaires and tests. The questionnaire was
designed to gather data on three key variables: students’
perceptions of Al, their learning motivation, and the quality
of laboratory facilities. Each variable was measured using a
Likert scale ranging from 1 (strongly disagree) to 5 (strongly
agree). The Al perceptions scale consisted of 12 items (e.g.,
"] am familiar with AI simulations used in this course," "Al
helps me understand analogue electronics concepts,” "Al
tools are easy to navigate"), assessing familiarity, perceived
usefulness, and ease of use. The motivation scale included 10
items, evenly split between intrinsic factors (e.g., "I enjoy
learning about analogue electronics") and extrinsic factors
(e.g., "This course is important for my career"), capturing
internal and external drivers of engagement. The laboratory
facilities scale comprised 8 items (e.g., "The lab has sufficient
equipment," "The lab equipment is up-to-date"), evaluating
availability and quality. These instruments enabled a
quantitative assessment of how students’ perceptions and
attitudes influenced their academic performance.

The second part of the questionnaire evaluated students'
learning motivation, including internal and external factors
driving their engagement with the course. Questions were
formulated to assess intrinsic motivation, such as personal
interest in the subject, and extrinsic motivation, such as the
perceived value of the course for future career prospects.
These motivational factors were critical in understanding how
actively students participated in the practicum and how it
affected their academic performance.

The third section of the questionnaire focused on the
availability and quality of laboratory facilities. This section
assessed students' access to essential tools, equipment, and
resources required for conducting experiments in analogue
electronics. The quality and sufficiency of these facilities
were examined to understand how they supported students in
applying theoretical knowledge to practical tasks, thereby
enhancing their learning outcomes.

In addition to the questionnaire, a written test was
administered to measure students’ learning outcomes in the
Analog Electronics Practicum course. The test comprised 20
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multiple-choice questions and 5 practical problem-solving
tasks, designed to evaluate both theoretical understanding
(e.g., identifying circuit components) and practical skills
(e.g., designing a basic analogue circuit). The test was scored
out of 100, with each multiple-choice question worth 3 points
and each practical task worth 8 points, reflecting the course’s
emphasis on applied knowledge. The test content was aligned
with the practicum syllabus and validated by two subject-
matter experts from the department [11].

To ensure the validity of the instruments, the Gregory
technique was applied. This involved a two-stage process:
first, a panel of three experts (two electronics educators and
one psychometrics specialist) reviewed the questionnaire and
test items to ensure content validity, assessing their relevance
and clarity against the study variables. Second, a cross-
tabulation matrix was constructed to confirm that each item
aligned with its intended construct (e.g., Al perceptions,
motivation), resulting in a content validity index (CVI) of
0.92, indicating strong validity. Furthermore, Cronbach’s
Alpha was used to test the reliability of the instruments. A
pilot test with 30 students (not included in the final sample)
yielded reliability coefficients of 0.87 for the Al perceptions
scale, 0.84 for the motivation scale, 0.81 for the laboratory
facilities scale, and 0.89 for the learning outcomes test,
confirming high internal consistency across all measures.

B. Data Analysis

After collecting the data, descriptive and inferential
statistics were employed to analyse the results. Descriptive
statistics provided a clear summary of the data, offering
insights into general trends and distributions within the
sample. These statistics helped illustrate students’ overall
perceptions of Al, motivation levels, feedback on laboratory
facilities, and learning outcomes.

Path Analysis was explicitly utilized for inferential
statistics to explore the relationships between the independent
variables (Al perceptions, learning motivation, and laboratory
facilities) and the dependent variable (learning outcomes).
Path analysis is an advanced statistical method that helps
examine direct and indirect relationships between variables,
making it particularly suitable for this study, where multiple
factors interact to influence learning outcomes [17]. The
analysis was conducted using SPSS version 26 with
significance set at p < 0.05. Through path analysis, the study
sought to answer critical questions, such as how students’
perceptions of Al directly influence their learning outcomes,
how learning motivation mediates the effect of Al on
learning, and the role of laboratory facilities in enhancing or
hindering the overall educational experience. Path analysis
also allowed for an investigation of the collective influence
of these variables by calculating path coefficients and R?
values, highlighting the most significant predictors of success
in the Analog Electronics Practicum course

II.RESULTS
A. Descriptive Statistical Analysis of Student Perceptions

and Motivations

The descriptive statistical analysis in Table 1 provides
insights into the variables related to students' perceptions of
Al, learning motivation, laboratory facilities, and learning
outcomes in the Analog Electronics Practicum course. The
average score for students' perceptions of Al is 48.73,
indicating a moderate understanding or appreciation of Al
technology. The median score of 49.00 is very close to the
mean, suggesting a relatively symmetrical distribution of
scores. The mode of 48.00 indicates that this value is the most
frequently reported by students. The standard deviation of
7.70 reflects moderate variability in students' perceptions,
indicating that while some students have high perceptions,
others rated them lower. The skewness value of -0.725
suggests a slight tendency towards higher values, while the
kurtosis of 1.023 indicates a distribution that is close to
normal, with some peaks but not excessively so. The range of
scores for perceptions of Al spans from 24.00 to 60.00,
highlighting a wide variation in students' views of Al.

TABLE 1 DESCRIPTIVE STATISTICAL ANALYSIS

Motivati Lab. Ig;eamm
Statistic Al Facili Al
on ty Outco
me

N (Valid) | 82 82 82 82 82
Mean 48.731 | 57.1951 55.02 | 76.914 | 48.73

7 44 6 17
Median 49.000 | 57.0000 | 57.00 | 77.500 | 49.00

0 00 0 00
Mode 48.00 60.00 57.00 | 75.00* | 48.00
Std. 7.6980 | 6.93433 10.02 | 11.290 | 7.698
Deviatio | 8 217 99 08
n
Skewnes | -.725 =759 - -1.639 | -.725
s 1.309
Kurtosis | 1.023 4.076 1.923 | 4.880 1.023
Minimu | 24.00 26.00 27.00 | 35.00 24.00
m
Maximu | 60.00 71.00 72.00 | 97.00 60.00
m

Further, the analysis of motivation data reveals an average
motivation score of 57.20, reflecting a generally high level of
motivation among students in their educational activities. The
median score of 57.00 aligns with the average, indicating that
half of the respondents rated their motivation at or above this
level. The mode of 60.00 suggests that this score is the most
commonly reported among students, indicating that many
students feel highly motivated. The standard deviation of 6.93
shows less variability compared to perceptions of Al,
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suggesting that students have a relatively uniform level of
motivation. The skewness of -0.759 indicates a tendency
towards higher motivation values, while the kurtosis of 4.076
signifies a peaked distribution, suggesting that many students
score close to the average with few extreme values. The range
of motivation scores is between 26.00 and 71.00, highlighting
diversity in students' motivation levels.

The analysis of laboratory facilities also shows positive
results, with an average score of 55.02, indicating generally
favourable perceptions of the facilities that support practical
learning. The median score of 57.00 aligns with the average,
suggesting that students' perceptions are pretty balanced. The
mode of 57.00 indicates that many respondents rated the
laboratory facilities positively. However, the standard
deviation of 10.02 shows more significant variability in
students' opinions about the quality of laboratory facilities,
indicating that some students may have significant concerns
or praises. The skewness of -1.309 suggests a tendency
towards higher ratings, meaning many students gave high
scores for the laboratory facilities. The kurtosis of 1.923
indicates a more peaked distribution than usual, with many
scores clustering around the average. The range of scores
spans from 27.00 to 72.00, emphasizing notable differences
in perceptions regarding laboratory facilities.

Students' learning outcomes demonstrate generally good
performance, with an average score of 76.91, reflecting
satisfactory academic achievement in this course. The
recorded median score is 77.50, indicating that half of the
students achieved scores above this threshold. The mode of
75.00 suggests that this value is the most frequently obtained
among students, representing a common level of
performance. The standard deviation of 11.29 indicates
variability in learning outcomes, suggesting that while many
students perform well, there are significant differences in
academic achievement. The skewness of -1.639 indicates a
substantial distribution towards higher scores, suggesting that
most students achieved above-average results, although some
significantly lower values exist. The kurtosis of 4.880 reflects
a very peaked distribution, indicating that most students have
similar scores clustered around the average despite some
outliers. The range of learning outcomes extends from 35.00
to 97.00, illustrating significant student performance
differences.

B. Path Analysis of Al Perceptions, Motivation, and

Learning Outcomes

The path analysis results in Table 2 provide valuable
insights into the relationships between Al, motivation,
laboratory facilities, and learning outcomes in the Analog
Electronics Practicum course context. Each pathway's
coefficients (Beta), significance levels (Sign), and the
explained variance (R?) contribute to our understanding of
how these variables interact. The path coefficient from Al to
learning outcomes is 0.278, with a significance level of 0.011.
This indicates a statistically significant positive relationship,

suggesting that higher perceptions of Al are associated with
improved learning outcomes. The R? value of 0.238 implies
that students' perceptions of Al can explain approximately
23.8% of the variance in learning outcomes

TABLE 2 DESCRIPTIVE STATISTICAL ANALYSIS

Model Beta | Sign | R?
Artificial =¥ Learning Outcomes | 0,278 | 0,011 | 0,238
Artificial =» Motivation 0,447 | 0,000 | 0,447
Artificial=»Lab. Facilities 0,578 | 0,000 | 0,403
Motivation=»Learning 0,544 | 0,000 | 0,488
Outcomes

Lab. Facilities =» Learning | 0,642 | 0,000 | 0,544
Outcomes

Furthermore, the analysis shows a substantial and
significant path coefficient of 0.447 from Al to motivation,
with a significance level of 0.000. This indicates that
perceptions of Al substantially positively influence students'
motivation levels. The R? value of 0.447 suggests that nearly
44.7% of the variance in motivation is explained by students'
perceptions of Al, highlighting the importance of Al in
fostering motivation among students. In addition, the path
coefficient from Al to laboratory facilities is 0.578, also with
a significance level of 0.000. This significant relationship
suggests that students' perceptions of Al positively influence
their evaluations of the quality of laboratory facilities. The R?
value of 0.403 indicates that approximately 40.3% of the
variance in laboratory facilities perceptions can be accounted
for by Al perceptions, emphasizing the critical role of Al in
shaping students' views of their learning environment.

Moreover, the path analysis reveals a strong coefficient of
0.544 from motivation to learning outcomes, with a
significance level of 0.000. This finding indicates that higher
levels of motivation significantly enhance learning outcomes.
The R? value of 0.488 shows that 48.8% of the variance in
learning outcomes is explained by motivation, underscoring
its importance in academic success. Finally, the relationship
between laboratory facilities and learning outcomes has a
path coefficient of 0.642, with a significance level of 0.000.
This result indicates a robust positive impact of perceptions
of laboratory facilities on learning outcomes. The R? value of
0.544 implies that approximately 54.4% of the variance in
learning outcomes can be attributed to the quality of
laboratory facilities, reinforcing the necessity of well-
equipped and maintained facilities for effective learning.

IV.DISCUSSION

The findings from this study underscore the significant
relationships among students' perceptions of Al, their
motivation, the quality of laboratory facilities, and their
learning outcomes in the Analog Electronics Practicum
course. Path analysis revealed that students' perceptions of Al
positively influenced their motivation and evaluations of
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laboratory facilities, contributing to improved learning
outcomes [18]. Specifically, Al perceptions explained 23.8%
of the variance in learning outcomes, while motivation and
laboratory facilities accounted for 48.8% and 54.4%,
respectively.  These  results indicate a  robust
interconnectedness among these variables, highlighting the
critical roles of Al and motivation within the learning
environment.

The study's results suggest that fostering positive
perceptions of Al can enhance students' motivation and their
assessment of laboratory facilities. This aligns with existing
literature emphasizing the transformative potential of
technology in education [5]. By integrating Al into the
curriculum, educators can create more engaging and
interactive learning experiences that encourage greater
student involvement and commitment to their studies [19].
Moreover, the significant impact of laboratory facilities on
learning outcomes underscores the necessity of maintaining
high-quality resources for practical learning [20]. The
findings indicate that students who perceive support from
their learning environment, including available tools and
facilities, will likely achieve better academic results [21].

These findings carry substantial implications for educators
and institutions. The positive relationship between Al and
student motivation and learning outcomes suggests that
educational programs should integrate Al-driven tools and
resources to enhance engagement. This could include the
development of adaptive learning technologies that cater to
diverse learning needs and Al-based simulations that reflect
real-world applications [4]. Maintaining and upgrading
laboratory facilities is also crucial, as high-quality resources
significantly contribute to compelling hands-on learning
experiences. Institutions should invest in modern equipment
and technologies to foster an environment conducive to
developing practical skills.

Furthermore, the study emphasizes the need for targeted
interventions that promote positive perceptions of Al and
enhance laboratory facilities to boost student motivation and
academic success. Training educators to effectively integrate
Al into their teaching practices can maximize its benefits,
leading to a more cohesive learning experience [22].
Encouraging collaboration across departments to share
resources and best practices can further enhance the overall
learning experience for students. As educational landscapes
evolve alongside rapid technological advancements,
institutions must adapt their pedagogical strategies to meet
learners' changing needs.

The implications of this research extend beyond the
classroom. As Al and other technologies increasingly
permeate educational settings, educators and policymakers
must consider their broader societal impacts [23]. It is vital to
ensure that students acquire the technical skills necessary for
career success and develop a critical understanding of Al and
technology's ethical and social dimensions. This holistic

approach to education will empower students to navigate the
complexities of the modern world and contribute positively
to society.

As educational institutions continue to evolve, prioritizing
research that evaluates the effectiveness of various
pedagogical strategies and technologies is essential [1].
Collaborative efforts among researchers, educators, and
industry professionals can lead to innovative teaching
practices seamlessly integrating Al into the curriculum. Such
partnerships will facilitate resource sharing and best
practices, ultimately enhancing educational quality.

Moreover,  providing  professional  development
opportunities for educators is crucial in preparing them to
teach effectively with Al and other emerging technologies.
By offering training and support, institutions can empower
teachers to utilize Al-driven tools in their instructional
practices, ultimately benefiting students' learning experiences
[21][4]. Investing in teacher training will not only enhance
educational offerings but also better prepare students for the
challenges and opportunities of the future.

While the study provides valuable insights, it is essential
to acknowledge its limitations. The research employed an ex
post facto design, limiting the ability to establish causal
relationships definitively [15]. The reliance on self-reported
measures for perceptions of Al, motivation, and laboratory
facilities may introduce response biases, as students might
provide socially desirable answers rather than their actual
perceptions [16][18]. Additionally, while the study's sample
size is adequate, it may not fully represent the broader student
population in electronics engineering education. Future
studies could benefit from a larger, more diverse sample to
enhance generalizability.

Further research is recommended to build upon these
findings and address the identified limitations. Future studies
could employ longitudinal designs better to establish causal
relationships among the variables of interest. Additionally,
incorporating qualitative methods, such as interviews or focus
groups, could provide deeper insights into students'
perceptions of Al and its impact on their learning experiences
[24]. Expanding the research to include different educational
contexts, such as other engineering disciplines, vocational
training programs, or international educational settings, could
also enrich the understanding of how Al influences learning
outcomes across various fields.

Moreover, future studies should explore the long-term
effects of integrating Al into the curriculum on students'
motivation and learning outcomes. Investigating the role of
instructor training and support in effectively utilizing Al
technologies can further inform educational practices.
Ultimately, a comprehensive understanding of these
dynamics will contribute to developing effective academic
strategies that enhance student learning and prepare them for
success in their future careers.
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V. CONCLUSIONS

This study underscores the vital connections between
students' perceptions of Al, their motivation, the quality of
laboratory facilities, and their learning outcomes in the
Analog Electronics Practicum course. The findings reveal
that positive perceptions of Al significantly enhance student
motivation, leading to improved evaluations of laboratory
facilities and overall learning outcomes. The path analysis
indicates that these factors work in tandem, suggesting that
educational environments can be optimized by fostering a
positive view of Al and ensuring the availability of high-
quality laboratory resources.

The implications of this research are substantial for
educational institutions. Educators can create engaging
learning experiences that cater to individual student needs by
integrating Al-driven tools into the curriculum. Furthermore,
investing in modern laboratory facilities is crucial for
effective hands-on learning opportunities. This study
advocates for targeted interventions that promote positive
perceptions of Al and the maintenance of robust laboratory
facilities, thereby enhancing student motivation and academic
success.

While this research offers valuable insights, it is vital to
recognize its limitations, including the reliance on self-
reported data and the potential need for a more representative
sample. Future studies should consider longitudinal designs
to establish causal relationships more effectively and employ
qualitative methods to gain deeper insights into student
perceptions of Al

Ultimately, this research contributes to the discourse on
technology integration in education, highlighting the
importance of preparing students with technical skills and a
critical understanding of the ethical dimensions of Al. As
educational practices evolve, a comprehensive approach that
combines technology with pedagogical innovation will
empower students to thrive in an increasingly complex world.
By addressing Al's technical and social aspects, educational
institutions can better equip students for future challenges,
fostering a generation of learners proficient in technology and
critically aware of its implications.

ACKNOWLEDGMENT

We thank the Universitas Negeri Makassar (UNM) for
funding this research through the PNBP scheme 2023. We
also thank the UNM Research and Community Service
Institute for facilitating and managing the administration of
this research and the Department of Electronics Engineering
Education, Faculty of Engineering, UNM, for supporting this
research.

REFERENCES
1. George, B., & Wooden, O. (2023). Managing the
Strategic Transformation of Higher Education
through Artificial Intelligence. Administrative

Sciences, 13(9), 196. https://doi.org/10.3390/adm
scil3090196

2. Bhutoria, A. (2022). Personalized education and
Artificial Intelligence in the United States, China,
and India: A systematic review using a Human-In-
The-Loop model. Computers and Education:
Artificial Intelligence, 3, 100068.
https://doi.org/ 10.1016/j.cacai.2022.100068

3. Ali, N. M. T. K. D. Z. (2022). Al-Enhanced
Education: Teaching and Learning Reimagined. In

Educational Communications and Technology:
Issues and  Innovations  (pp. 107-124).
https://doi.org/10.13140/RG.2.2.28982.47682

4. Gligorea, I., Cioca, M., Oancea, R., Gorski, A.-T.,
Gorski, H., & Tudorache, P. (2023). Adaptive
Learning Using Artificial Intelligence in e-
Learning: A Literature Review. Education
Sciences, 13(12), 1216.
https://doi.org/10.3390/edu cscil3121216

5. Lim, T., Gottipati, S., & Cheong, M. L. F. (2023).
Ethical Considerations for Artificial Intelligence in

Educational Assessments (pp- 32-79).
https://doi.org/10.4018/979-8-3693-0205-7.ch003

6. Chen, W., Zhang, L., Jiang, P., Meng, F., & ...
(2022). Can digital transformation improve the
information environment of the capital market?
Evidence from the analysts’ prediction behaviour.
Accounting & ...
https://doi.org/ 10.1111/acfi.12873

7. Ungerer, L., & Slade, S. (2022). Ethical
Considerations of Artificial Intelligence in
Learning Analytics in Distance Education
Contexts. In Learning Analytics in Open and
Distributed Learning (pp- 105-120).
https://doi.org/10.1007/978-981-19-0786-9 8

8. Xu, Z.(2024). Al in education: Enhancing learning
experiences and student outcomes. Applied and
Computational Engineering, 51(1), 104-111.
https://doi.org/10.54254/2755-2721/51/20241187

9. Padovano, A., & Cardamone, M. (2024). Towards
human-AI collaboration in the competency-based
curriculum development process: The case of
industrial engineering and management education.
Computers and Education: Artificial Intelligence,
7, 100256. https://doi.org/10.1016/j.caeai.2024.
100256

10. Huang, J., Saleh, S., & Liu, Y. (2021). A Review
on Artificial Intelligence in Education. Academic
Journal of Interdisciplinary Studies, 10(3), 206.
https://doi.org/10.36941/ajis-2021-0077

11. Lai, Z., Cui, Y., Zhao, T., & Wu, Q. (2022). Design
of  Three-Dimensional  Virtual  Simulation
Experiment Platform for Integrated Circuit Course.

7889

Supriadi!, ETJ Volume 10 Issue 11 November 2025


https://doi.org/10.3390/adm%20sci13090196
https://doi.org/10.3390/adm%20sci13090196
https://doi.org/%2010.1016/j.caeai.2022.100068
https://doi.org/10.13140/RG.2.2.28982.47682
https://doi.org/10.3390/edu%20csci13121216
https://doi.org/10.4018/979-8-3693-0205-7.ch003
https://doi.org/10.1007/978-981-19-0786-9_8
https://doi.org/10.54254/2755-2721/51/20241187
https://doi.org/10.1016/j.caeai.2024
https://doi.org/10.36941/ajis-2021-0077

“The Influence of Artificial Intelligence on Learning Outcomes in Analog Electronics Practicum: The Role of
Motivation and Laboratory Facilities”

12.

13.

14.

15.

16.

17.

Electronics, 11(9), 1437. https://doi.org/10.3390/
electronics11091437

Hooda, M., Rana, C., Dahiya, O., Rizwan, A., &
Hossain, M. S. (2022). Artificial Intelligence for
Assessment and Feedback to Enhance Student
Mathematical
Problems in Engineering, 2022, 1-19.
https://doi.org/10.1155/2022/5215722

Ouyang, F., & Jiao, P. (2021). Artificial
intelligence in education: The three paradigms.

Success in Higher Education.

Computers and Education: Artificial Intelligence,
2,100020. https://doi.org/10.1016/j.caeai.2021.100
020

Goodman-Scott, E., McMahon, G., Kalkbrenner,
M. T., Smith-Durkin, S., Patel, S., Czack, A., &
Weeks, N. (2022). An Ex Post Facto Study
Examining Implementation of Positive Behavioral
Interventions and Supports Across School and
Community Variables from an Inclusive Innovation
Perspective.  Journal of Positive Behavior
Interventions, 24(4), 255-265. https://doi.org/10.
1177/10983007211013784

Creswell, J., & Guetterman, T. (2024). Educational
Research: Planning, Conducting, and Evaluating
Quantitative and Qualitative Research, (7th ed.).
Pearson.

Vazquez-Parra, J. C., Henao-Rodriguez, C., Lis-
Gutiérrez, J. P., & Palomino-Gamez, S. (2024).
Importance of University Students’ Perception of
Adoption and Training in Artificial Intelligence
Tools. Societies, 14(8), 141.

https://doi.org/10. 3390/s0c14080141
Romero-Hall, E. (2020). Research Methods in
Learning Design and Technology. In Research
Methods in Learning Design and Technology (pp.
1-10). Routledge.

https://doi.org/10.4324/9780429 260919-1

19.

20.

21.

22.

23.

24.

Intelligence Capabilities, General Self-Efficacy,
Learning Motivation, and Critical Thinking
Awareness. Systems, 12(3), 74. https://doi.org/10.
3390/systems12030074

Southworth, J., Migliaccio, K., Glover, J., Glover,
J., Reed, D., McCarty, C., Brendemuhl, J., &
Thomas, A. (2023). Developing a model for Al
Across the curriculum: Transforming the higher
education landscape via innovation in Al literacy
(Vol. 4). Pearson. https://doi.org/10.1016/].cacai.
2023.100127

Almasri, F. (2024). Exploring the Impact of
Artificial Intelligence in Teaching and Learning of
Science: A Systematic Review of Empirical
Research. Research in Science Education, 54(5),
977-997. https://doi.org/10.1007/s11165-024-101
76-3

Menekse, M. (2023). Envisioning the future of
learning and teaching engineering in the artificial
intelligence era: Opportunities and challenges.
Journal of Engineering Education, 112(3), 578—
582. https://doi.org/10.1002/jee.20539

Ghamrawi, N., Shal, T., & Ghamrawi, N. A. R.
(2024). Exploring the impact of Al on teacher
leadership: regressing or expanding?. Education
and Information Technologies, 29(7), 8415-8433.
https://doi.org/10.1007/s10639-023-12174-w
Bahroun, Z., Anane, C., Ahmed, V., & Zacca, A.
(2023). Transforming Education: A
Comprehensive Review of Generative Artificial
Intelligence in Educational Settings through
Bibliometric and Content Analysis. Sustainability,
15(17), 12983. https://doi.org/10.3390/sul5171298
3

Marrone, R., Zamecnik, A., Joksimovic, S.,
Johnson, J., & De Laat, M. (2024). Understanding
Student Perceptions of Artificial Intelligence as a

18. Jia, X.-H., & Tu, J.-C. (2024). Towards a New Teammate. Technology, Knowledge and Learning.
Conceptual Model of Al-Enhanced Learning for https://doi.org/10.1007/s10758-024-09780-z
College Students: The Roles of Artificial

7890 Supriadi!, ETJ Volume 10 Issue 11 November 2025


https://doi.org/10.3390/%20electronics11091437
https://doi.org/10.3390/%20electronics11091437
https://doi.org/10.1155/2022/5215722
https://doi.org/10.1016/j.caeai.2021.100%20020
https://doi.org/10.1016/j.caeai.2021.100%20020
https://doi.org/10.%201177/10983007211013784
https://doi.org/10.%201177/10983007211013784
https://doi.org/10.%203390/soc14080141
https://doi.org/10.4324/9780429%20260919-1
https://doi.org/10.%203390/systems12030074
https://doi.org/10.%203390/systems12030074
https://doi.org/10.1016/j.caeai.%202023.100127
https://doi.org/10.1016/j.caeai.%202023.100127
https://doi.org/10.1007/s11165-024-101%2076-3
https://doi.org/10.1007/s11165-024-101%2076-3
https://doi.org/10.1002/jee.20539
https://doi.org/10.1007/s10639-023-12174-w
https://doi.org/10.3390/su15171298%203
https://doi.org/10.3390/su15171298%203
https://doi.org/10.1007/s10758-024-09780-z

