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ABSTRACT
The aim is to evaluate the effectiveness of generative 
artificial intelligence (GAI) in enhancing student engage-
ment, personalising learning, and improving teaching 
practices. A mixed-methods approach was employed, 
including surveys with 200 students and 50 teachers, 
semi-structured interviews, and classroom observa-
tions. The survey measured the extent of GAI integration, 
its perceived benefits, and challenges faced by both 
students and teachers. Interviews provided in-depth 
insights into the experiences of educators, while class-
room observations assessed GAI’s impact on teaching 
and learning. The results indicated that 65% of students 
rated GAI integration as high, particularly in informa-
tion technology and natural sciences courses. Teachers 
reported enhanced feedback and more dynamic inter-
actions with students. However, challenges related to 
teacher training, technical issues, and ethical concerns 
were identified. GAI was particularly successful in adap-
tive learning tools, such as automatic code checking in IT 
and virtual models in science courses. In conclusion, GAI 
has the potential to transform educational processes by 
personalising learning and enhancing student-teacher 
interactions. However, its successful integration requires 
addressing issues such as teacher preparedness, tech-
nical infrastructure, and ethical standards. The findings 
suggest that educational institutions must invest in 
proper training and support systems to maximise the 
benefits of GAI in higher education.
Keywords: Generative AI integration strategies, Adap-
tive learning algorithms, Automated assessment 
challenges, Teacher digital upskilling, Ethical AI gover-
nance in education

Introduction
Since the global COVID-19 pandemic, technology has 
transformed higher education by forcing institutions to 
shift to distance learning and adopt digital tools to sus-
tain education. Among the most discussed innovations 
is generative artificial intelligence (GAI), which opens 
up new horizons for transforming education. The study 
of higher education’s transformation in the context of 
GAI is essential to adapting educational programs to 
the rapidly evolving demands of the labour market and 
the expectations of students.1−4

Existing studies, such as those by Baytak and Man-
nuru et al., argue for integrating GAI into education to 
enhance the effectiveness of the learning process. Bay-
tak’s work highlights the potential of GAI to significant-
ly personalise learning by enabling the development 
of adaptive courses that cater to students’ individual 
needs. Additionally, Baytak provides methodological 

recommendations for educators on how to effectively 
employ GAI in the classroom. These include employing 
adaptive platforms to monitor student progress, im-
plementing interactive feedback tools, and designing 
individualised learning plans to foster deeper student 
engagement.5−9

Vallejo et al. stress teaching students’ new skills. 
Their work suggests ways to include GAI into critical 
thinking and creativity curriculum. They examine suc-
cessful GAI implementations in universities and offer 
best practices and advice for other educational institu-
tions. Qudah and Muradkhanli study GAI and student 
motivation. Interactive technologies boost student en-
gagement, especially in distance learning.3 They study 
GAI’s effects on students’ self-esteem, educational 
material interest, and teacher-student interaction. 
Student surveys reveal that GAI improves learning and 
demonstrate how interactive technologies make learn-
ing more dynamic and engaging.4,5

Romero et al. explore how the use of GAI can trans-
form not only course content but also teaching ap-
proaches. Their study provides concrete examples 
of implementing interactive technologies, such as 
simulations and gamified elements, which make the 
learning process more engaging and motivating for 
students. Romero et al. also analyse the impact of these 
methods on the development of critical thinking and 
creativity, underscoring the importance of fostering ac-
tive student participation in the educational process.10

Kučera’s research focuses on the influence of GAI 
on group dynamics in the classroom. Kučera argues 
that technology can significantly enhance collabora-
tion among students by offering tools for joint prob-
lem-solving and idea-sharing. The study examines 
specific cases where the use of GAI facilitated the cre-
ation of effective group projects, as well as its impact 
on classroom atmosphere and student engagement.11

The aim of this study is to provide a comprehensive 
analysis of current strategies for integrating GAI into 
higher education. This includes assessing their effi-
cacy, recognising difficulties like teacher training and 
technical limits, and proposing solutions. Hypothesis 
of the study: The integration of GAI in educational 
settings leads to varying levels of student engagement 
and learning outcomes across disciplines, with infor-
mation technology and natural sciences showing more 
pronounced improvements compared to humanities 
and engineering.

Materials and Methods
This study adopted a mixed-methods design, specifi-
cally an exploratory sequential approach. The design 

https://orcid.org/0009-0006-8666-2698
mailto:gulmirakarabalaeva6@gmail.com
https://doi.org/10.70389/PJS.100141
https://doi.org/10.70389/PJS.100141


2 DOI: https://doi.org/10.70389/PJS.100141 | Premier Journal of Science 2025;14:100141DOI: https://doi.org/10.70389/PJS.100141 | Premier Journal of Science 2025;14:100141

ORIGINAL RESEARCHPREMIER JOURNAL OF SCIENCEPREMIER JOURNAL OF SCIENCE ORIGINAL RESEARCH

Consent: Informed consent was 
obtained from all individuals 
included in this study
Funding: This research received 
no specific grant from any 
funding agency in the public, 
commercial, or not-for-profit 
sectors
Conflicts of interest: N/a
Author contribution:  
Xi Cheng: Conceptualization, 
Supervision, Funding Acquisition, 
Project Administration; Huang 
Yuansheng: Methodology, 
Investigation, Formal Analysis, 
Writing – Original Draft; Zhang 
Weixiao: Data Curation, Software, 
Validation, Visualization; Gulmira 
Karabalaeva: Writing – Review & 
Editing, Methodology, Resources; 
Aisulu Bayalieva: Visualization, 
Data Curation, Writing – Review 
& Editing, Formal Analysis
Guarantor: Gulmira Karabalaeva
Provenance and peer-review: 
Unsolicited and externally  
peer-reviewed
Data availability statement: 
The data generated and analysed 
during the current study are 
available upon request from 
the corresponding author. The 
dataset has been anonymised to 
protect participant identities

was chosen to first gather quantitative data through 
surveys to provide a broad overview of the integration 
of GAI into the educational process, followed by qual-
itative interviews to offer in-depth insights into the ex-
periences and perceptions of educators. This approach 
allowed the research to develop a comprehensive un-
derstanding of the topic by examining both the statisti-
cal trends and the lived experiences of those involved.

The sampling frame for this study was composed of 
students and teachers at the Luoyang Institute of Sci-
ence and Technology. The participants were chosen 
using a random sampling method from various disci-
plines, including information technology, engineer-
ing, humanities, and natural sciences (Figure 1).

The Table 1 provides a detailed breakdown of the 
participants in the study, categorised by their roles 
(students and teachers) and disciplines.

The survey instrument used in this study was devel-
oped through a comprehensive review of existing liter-
ature on GAI in education, including works by Baytak 
and Mannuru et al.1,2 The survey included 20 ques-
tions, combining both closed and open-ended formats 
(Appendix 1). The questions addressed various aspects 
of GAI integration into the curriculum, including per-
ceived benefits, challenges, and future expectations. 
The instrument was validated by a group of experts in 
educational technology and pedagogy, who reviewed 
the content for clarity, relevance, and alignment with 
the research objectives. The reliability of the survey 
was assessed through a pilot study conducted with 
a smaller group of students and teachers, yielding a 
Cronbach’s alpha of 0.87, indicating strong internal 
consistency (Table 2).12−17

In addition to the survey, semi-structured interviews 
were conducted with 50 teachers from the Luoyang 

Institute of Science and Technology to capture more 
nuanced, qualitative data about their experiences and 
perspectives on using GAI in the classroom. The in-
terview questions were derived from both the survey 
findings and expert consultations on GAI integration. 
These interviews were conducted between January 
and March 2023, with each session lasting approxi-
mately 30 to 45 minutes. The coding process followed 
an inductive thematic analysis approach, with two 
independent researchers coding the transcripts to en-
sure inter-rater reliability. Thematic patterns and key 
insights were then synthesised to provide a deeper un-
derstanding of the teachers’ views on the integration 
of GAI (Table 3).

Classroom observations were also conducted to eval-
uate the practical implementation of GAI in real-time 
educational settings. These observations focused on 
how GAI tools were being applied in various courses, 
particularly those in the information technology and 
natural sciences departments. Observers took detailed 
field notes and used a structured observation checklist 
to assess the impact of GAI on student engagement, 
interaction, and overall learning experience. The 
observations were carried out during laboratory ses-
sions and interactive learning activities, which lasted 
approximately 60 to 90 minutes.

The observation checklist used in this study was 
designed to assess the impact of GAI integration in  
real-time educational settings, focusing on key aspects 
such as student engagement, interaction with GAI 
tools, and learning outcomes. The checklist included 
items such as “Level of student interaction with GAI 
tools”, “Effectiveness of GAI in fostering student par-
ticipation”, “Clarity and usefulness of GAI-generated 
feedback”, and “Student’s ability to apply GAI 

ASSESSED FOR ELIGIBILITY

STUDENTS EXCLUDED (n = 100)
No GAI course experience: 85

Declined participation: 15

TEACHERS EXCLUDED (n = 15)

RANDOMISED (n = 250)

FINAL ANALYSIS
Students analysed: 170
Teachers analysed: 46

Total participants in analysis: 216
Overall response rate: 86.4%

SURVEY COMPLETION
Completed: 170 (85%)

Non-response: 25
Incomplete: 5

SURVEY COMPLETION
Completed: 46(92%)

Non-response: 3
Incomplete: 1

<3 years teaching experience: 10
Declined participation: 5

Students: 200

Teachers: 50
Stratified by discipline & experience

Stratified by discipline

Students screened: n = 300
Teachers screened: n = 65

Total assessed: n = 365

Fig 1 | Consort flow diagram 

https://doi.org/10.70389/PJS.100141
https://doi.org/10.70389/PJS.100141


3DOI: https://doi.org/10.70389/PJS.100141 | Premier Journal of Science 2025;14:100141DOI: https://doi.org/10.70389/PJS.100141 | Premier Journal of Science 2025;14:100141

ORIGINAL RESEARCHPREMIER JOURNAL OF SCIENCEPREMIER JOURNAL OF SCIENCE ORIGINAL RESEARCH

suggestions to improve performance”. Each item was 
rated on a 5-point Likert scale, ranging from 1 (Strong-
ly Disagree) to 5 (Strongly Agree).

The coding rubric for analysing classroom ob-
servations followed an inductive thematic analysis 
approach. Observers took field notes, which were lat-
er coded by two independent researchers to ensure 
inter-rater reliability. The coding focused on student 
behaviours such as active participation, collabora-
tion with peers, and engagement with GAI-generated 
content. Reliability was tested using Cohen’s Kappa, 
yielding a value of 0.85, indicating strong agreement 
between coders.

For quantitative summaries, the observational 
data were analysed using descriptive statistics. For 
instance, student engagement was rated as “high” in 

72% of the observed sessions, while student interac-
tion with GAI tools was rated “effective” in 68% of the 
cases. These summaries highlight the positive impact 
of GAI on classroom dynamics, particularly in fostering 
engagement and enhancing learning processes.

The quantitative data were analysed using SPSS 
software. Descriptive statistics (means, standard devi-
ations) were calculated for survey responses. To assess 
differences between groups (students vs. teachers, dif-
ferent disciplines), a Student’s t-test was used. Below 
are the results of the statistical analysis for one key 
item on the level of GAI integration:

•	 Mean score for students: 4.1 (SD = 0.8);
•	 Mean score for teachers: 4.5 (SD = 0.6);
•	 t-value = 2.13, df = 318, p = 0.035;
•	 Effect size (Cohen’s d) = 0.42 (medium effect).

These results suggest a statistically significant dif-
ference in the perception of GAI integration between 
students and teachers, with teachers reporting a higher 
level of integration.

The study also references international case studies, 
that were selected to provide a comparative perspective 
on GAI integration in higher education. The interna-
tional case studies were selected based on their rele-
vance to the integration of GAI in educational systems, 
focusing on institutions that have actively implement-
ed GAI in teaching and learning. The data underpin-
ning these comparisons are drawn from secondary 
sources.5,6,13,17 These international cases were selected 
to highlight successful implementations and challeng-
es faced by institutions in various regions. The exter-
nal case studies were selected to provide contextual 
information on the integration of GAI in educational 
systems in various countries, without performing a 
comparative analysis. The case studies were chosen 
based on their relevance, innovative use of GAI in ed-
ucation, and the availability of information, includ-
ing examples from the US, China, and Europe. These 
studies serve as a backdrop for understanding global 
trends and issues related to GAI integration, such 
as enhancing personalised learning and challenges 
related to teacher training and ethical considerations, 
without directly comparing them to the primary data.

The study employed Exploratory Factor Analysis 
(EFA) to identify underlying dimensions of the survey 
items, revealing distinct factors related to GAI integra-
tion, perceived benefits, and challenges. Confirmatory 
Factor Analysis (CFA) was then used to validate the 
factor structure, confirming the model fit with accept-
able indices (e.g., CFI = 0.94, RMSEA = 0.06). The re-
liability of the scales was assessed using Cronbach’s 
alpha, with values ranging from 0.85 to 0.92 for the 
subscales, indicating strong internal consistency. For 
measurement invariance, the study conducted multi-
group analysis to test whether the factor structure 
held across student and teacher groups, with results 
showing no significant differences in factor loadings 
or item intercepts (ΔCFI < 0.01), confirming that the 
survey measures were comparable across groups.  

Table 1 | Demographics by role and discipline
Discipline n % Age Range Gender Distribution

Students

Information Technology 51 30 19–24 M: 35 (68.6%), F: 16 (31.4%)

Engineering 42 24.7 20–25 M: 28 (66.7%), F: 14 (33.3%)

Natural Sciences 43 25.3 19–23 M: 21 (48.8%), F: 22 (51.2%)

Humanities 34 20 18–24 M: 12 (35.3%), F: 22 (64.7%)

Total 170 100 18–25 M: 96 (56.5%), F: 74 (43.5%)

Teachers

Information Technology 14 30.4 28–45 M: 10 (71.4%), F: 4 (28.6%)

Engineering 11 23.9 30–52 M: 8 (72.7%), F: 3 (27.3%)

Natural Sciences 12 26.1 29–48 M: 7 (58.3%), F: 5 (41.7%)

Humanities 9 19.6 31–49 M: 4 (44.4%), F: 5 (55.6%)

Total 46 100 28–52 M: 29 (63%), F: 17 (37.0%)

Table 2 | Example of questions asked to participants
No. Questions

1. How would you rate the level of integration of GAI into the curriculum at your educational 
institution? (Rate on a scale of 1 to 5)

2. Which GAI technologies have you utilised in your educational experience? (Please list them)

3. In your opinion, what are the primary advantages of using GAI in the educational process?

4. What challenges have you faced in implementing GAI in education?

5. What role do you envision GAI playing in the future of education?

Source: Created by the authors.

Table 3 | Example of questions used in the interview
No. Questions

1. What changes have you observed in the educational process following the implementation of GAI?

2. What skills do you believe students need to develop to use GAI effectively?

3. What recommendations would you make to improve the implementation of GAI in the 
educational process?

4. What challenges does your educational institution face in integrating GAI?

5. Can you provide examples of successful applications of GAI in your teaching practices?

Source: Created by the authors.
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This comprehensive approach ensures the robust-
ness of the findings and the validity of the survey 
instrument.

All procedures performed in studies involving hu-
man participants were in accordance with the ethical 
standards of the institutional and national research 
committee and with the 1964 Helsinki declaration and 
its later amendments or comparable ethical standards.  
A study was approved by the National Ethics 
Commission of the Luoyang Institute of Science and 
Technology January, 15, 2023, No. 1008-А.

Results
A study of 200 students and 50 teachers found that 
GAI integration into the curriculum differs by spe-
ciality and teacher approach. 65% of students rated 
GAI integration as high (4−5 points), 25% as average  
(3 points), and 10% as low (1−2 points). Teachers 
noted that GAI improves educational resources and 
student interaction, which is crucial in modern edu-
cation. Students receive real-time feedback, making 
learning more dynamic and adaptive.

In the information technology course, 80% of 
students use GAI to complete laboratory work, en-
abling them to master the material more effective-
ly and strengthen their programming skills. GAI 
tools for automatic code checking provide instant 
recommendations and corrections, helping students 
analyse and resolve errors in real time.18−20 This process 
fosters critical thinking, as students can explore and 
compare different problem-solving approaches, which 
is essential for developing professional competencies.

Similarly, in the natural sciences course, students 
use GAI to create virtual models of ecosystems. This 
approach helps them better understand the inter-
actions between species and visualise complex 
processes, such as nutrient cycling and food chain 
dynamics, which significantly enriching their learn-
ing experience. Students can also perform virtual 
experiments, which enhance their practical skills, 
deepen their understanding of scientific methods, and 
stimulate their interest in research activities (Table 4).

A similar trend is observed on the international stage, 
with universities in China, Europe, and the US actively 
integrating GAI into their programmes to enhance the 
quality of education and increase its accessibility. For 
instance, universities in California and Massachusetts 
have implemented GAI systems for adaptive learning, 
which have significantly improved student perfor-
mance by offering a personalised approach that takes 

into account the individual characteristics and needs 
of each student.15

Semi-structured interviews with 50 teachers 
and student groups indicated GAI’s benefits and 
drawbacks. 80% of teachers said GAI helps them 
understand course material. GAI was used to represent 
chemical reactions in chemistry to help students un-
derstand complex processes. GAI also allows teachers 
to customise materials for pupils, making learning 
more personal, according to 75% of respondents. 70% 
of teachers said interactive GAI technologies increase 
student involvement and enthusiasm in learning. 
According to University of London research, 78% of 
students say technology makes courses more engaging 
and interactive.16

However, the implementation of GAI is not without 
its challenges. 60% of teachers reported feeling 
inadequately skilled to use GAI effectively, which may 
be attributed to a lack of training in new technologies 
or insufficient time for professional development. 
Technical difficulties also present significant obsta-
cles, with 55% of respondents experiencing techni-
cal failures when using GAI in the teaching process. 
Similar challenges have been reported in other coun-
tries, including the US and the UK, emphasising the 
need to enhance technical infrastructure and provide 
robust user support (Table 5).

Not all educational institutions use GAI success- 
fully.21−23 Students at Oxford were unhappy with GAI’s 
essay grading automation. Student surveys and con-
versations showed that the algorithm failed to account 
for literary analysis and their work’s creativity. 70% 
felt undervalued, which lowered their course motiva-
tion and interest. Many students complained that com-
puterised grading did not adequately reflect their effort 
and originality, lowering their confidence and raising 
questions about assessment fairness. Such issues are 
crucial because fairness promotes a healthy and sup-
portive learning environment.17

Unsuccessful implementations of GAI have also 
impacted teachers. At the University of California, 
where GAI was used to analyse historical documents, 
teachers faced challenges interpreting the results. This 
experience prompted them to adapt their teaching 
methods and develop new skills, with an increased 
focus on contextual analysis and teaching critical 
thinking. To address these challenges, teachers began 
incorporating more interactive methods to sustain stu-
dent interest and boost engagement.13

Table 4 | Level of integration of the GAI by specialties with examples
Speciality High (4–5) Medium (3) Low (1–2) Examples of Using GAI Teachers’ Category

Information Technology 80% 15% 5% Using GAI for automatic code checking IT teachers

Engineering 60% 30% 10% Using GAI for modeling engineering systems Engineering teachers

Humanities 50% 30% 20% Using GAI for analyzing texts and literary works Humanities teachers

Natural Sciences 70% 20% 10% Creating virtual models of ecosystems Science teachers

Source: Created by the authors.
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Unsuccessful GAI implementations have also raised 
significant ethical concerns. Discovering biases in GAI-
based assessment systems in the US sparked serious 
discussions about the need for clear ethical standards. 
Issues such as protecting student data and addressing 
algorithmic biases have become key topics of debate 
among educational institutions. These challenges 
highlight the importance of understanding the ethical 
implications of GAI and developing guidelines for its 
responsible use. In response, some institutions have 
begun creating their own codes of ethics to ensure fair 
and responsible implementation of the technology.6

Failed GAI implementations can also negatively 
impact the reputation of an institution. For example, 
at the University of Bristol, the automated grading of 
mathematics homework failed to deliver the antici-
pated results, leading to decreased openness among 
students and teachers towards adopting new technol-
ogies. This reluctance created a barrier to the adoption 
of future innovations. To address such challenges, uni-
versities must actively work to rebuild trust and provide 
adequate support during the adoption of new technol-
ogies. This includes fostering transparent discussions 
about identified issues and potential solutions  
(Table 6).17

According to 50% of teachers, institutional support 
for new technologies is lacking, making GAI integra-
tion in educational programs difficult. UNESCO and 
other worldwide agencies promote technology in ed-
ucation, which could help solve these problems. GAI 
was first used in education in the early 2000s with 
adaptive learning systems. Since then, technology has 
improved, and GAI has become a major instrument for 
increasing education quality and accessibility.24,25

In 2022, a study conducted in Europe revealed that 
65% of teachers incorporate GAI into their practice, 
confirming the global trend.26 This transformation 
demanded interactive and engaging technologies for 
students. Chinese colleges have used GAI to construct 
virtual classrooms and customise content for pupils, 
advancing education digitalisation. China has 
launched several successful programs, like XuetangX, 
which employs GAI to analyse student conduct and 
customise educational content. This method increases 
teaching and identifies and addresses knowledge gaps 
early.15,13

The integration of GAI in higher education has 
demonstrated both significant potential and notable 
challenges. While GAI technologies enhance per-
sonalised learning, foster student engagement, and 
improve teacher-student interactions, several barriers 
to their full integration remain. The findings reveal that 
GAI tools, such as automatic code checking and virtual 
simulations, offer substantial benefits, including 
improved learning outcomes and reduced task comple-
tion time. However, issues such as insufficient teacher 
training, technical difficulties, and ethical concerns 
related to data privacy and algorithmic biases continue 
to hinder its effectiveness.

Discussions
The integration of GAI into education is increasingly 
becoming a focal point for countries modernizing their 
educational systems. Countries like Singapore, through 
its “Smart Nation” initiative, are setting benchmarks 
for others, including China, seeking to digitalize ed-
ucation. These initiatives highlight the importance of 
international cooperation to share best practices and 
adapt GAI to diverse educational contexts.27

Table 6 | Advantages and disadvantages of implementing the GAI
Advantages Disadvantages

Deeper understanding of the material Insufficient skills among teachers

Individualisation of learning experiences Technical failures

Enhancing student interest and participation in the educational process Lack of adequate institutional support

Enhancing the quality of feedback provided Concerns regarding the protection of student data

Reducing the workload of teachers Risk of students becoming overly dependent on technology

Access to up-to-date information and resources Inadequate training for teachers on the adoption and use of 
new technologies

Possibility of conducting virtual experiments Limited access to technology for all students

Simplifying the process of assessing and testing students’ knowledge Ethical concerns related to the use and fairness of GAI

Source: Created by the authors based on Katyshev et al.17

Table 5 | Full descriptive tables for all survey items
Survey Item Mean Standard Deviation % High (4–5) % Average (3) % Low (1–2) Significance (t-test) Effect Size (Cohen’s d)

GAI Integration Level 4.1 0.8 65 25 10 t = 2.13, p = 0.035 d = 0.42

Perceived Benefits of GAI 4.3 0.7 70 20 10 t = 3.14, p = 0.002 d = 0.45

Teacher Confidence in GAI 3.9 0.9 60 30 10 t = 2.06, p = 0.045 d = 0.38

Source: Created by the authors.
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GAI can improve learning, especially in program-
ming and data science. GAI-based solutions automat-
ically examine students’ code and provide targeted 
improvements in programming classes, improving 
performance and engagement. Tel Aviv University 
students use GAI to evaluate big datasets, improving 
their cutting-edge technology skills.14 The University of 
Hong Kong has developed a platform that uses GAI to 
build tailored learning programs, allowing students to 
learn at their own speed. These examples show how 
GAI can make education more adaptive and student- 
centered.6 GAI is driving innovation in educational 
institutions and countries beyond specific cours-
es. Local firms like Xueersi and Zuoyebang are pio-
neering GAI-integrated education in China, offering 
customised learning experiences tailored to each stu-
dent. University-technology company collaborations 
are also developing new teaching tools, boosting GAI 
adoption in schools.28−30 These partnerships show that 
GAI can improve learning environments.31,32

GAI is hard to use in school.33−35 A major issue is com-
puterised assessment. Due to literary interpretation is-
sues, GAI could not rate Oxford student writings. This 
upset students and forced teachers to grade manually. 
The lack of contextual awareness in GAI-generated 
historical document analysis made it difficult for UC 
students to understand. GAI was used to construct 
annotated texts at London University, however system 
failures caused misinterpretations, lowering student 
engagement.

The ethical implications of using GAI in education 
have also sparked significant debate. One of the pri-
mary concerns revolves around algorithmic bias and 
data protection. In the US, for instance, the discovery 
of biases in GAI-based assessment systems has raised 
serious questions about fairness and equity in educa-
tion.36,37 Scholars like Tsymbal, Skrypnyk, and Hmoud 
et al. have highlighted the need for transparent data 
handling policies to safeguard students’ rights and 
prevent the misuse of personal information.38,39 These 
ethical considerations are not limited to the U.S.; in 
China, there is an ongoing discussion about establish-
ing clear ethical norms and guidelines for the use of 
GAI in education, which could serve as a model for 
other countries.40

Plans to train teachers and students in the use of 
GAI include regular training sessions and seminars de-
signed to equip participants with the skills necessary 
for successfully integrating new technologies into the 
educational process.41−43 For instance, the Luoyang 
Institute of Science and Technology plans to organise 
advanced training courses for teachers to help them 
effectively utilise GAI in their teaching practices.44 
Additionally, mentoring programs are being consid-
ered, where experienced teachers will share their 
knowledge and insights with newcomers, fostering a 
supportive and collaborative environment.45

To ensure the effective integration of GAI, educational 
institutions must prioritize training and profession-
al development for teachers.46 Workshops, seminars, 
and mentorship programs can equip educators with 

the skills needed to utilize GAI tools effectively. For 
instance, the Luoyang Institute of Science and Tech-
nology plans to organize advanced training courses for 
teachers, while mentorship programs can help new-
comers adapt to GAI-enhanced teaching practices. Ad-
ditionally, investing in robust technical infrastructure 
and refining algorithms will improve the accuracy and 
reliability of GAI systems, making them more effective 
in supporting both teaching and learning.

Collaboration is another key factor in the successful 
implementation of GAI. Partnerships between univer-
sities and technology companies can drive innova-
tion, leading to the development of new educational 
products and services.47−50 Furthermore, international 
cooperation allows institutions to share best practices 
and learn from one another’s experiences, helping to 
overcome challenges and tailor GAI solutions to local 
contexts. Regular feedback from students and teachers 
is also essential, as it enables institutions to identify 
issues and adapt their programs to better meet the 
needs of learners.

Finally, GAI in education brings potential and chal-
lenges. Successful implementations in Singapore, 
Israel, and Hong Kong show its potential to improve 
learning, but automated assessment failures and 
ethical problems require careful planning and manage-
ment. Moving forward, educational institutions must 
prioritize teacher training, address ethical concerns 
such as bias and data privacy, and create collaboration 
between educators, technologists, and legislators. GAI 
can improve education worldwide by using a holistic 
and flexible approach, preparing students for a future 
where technology and human intelligence coexist. 
Future research should examine both successes and 
failures in GAI integration in educational institutions 
to ensure that technology benefits education.

The digital divide and accessibility are significant 
challenges in the integration of GAI in higher edu-
cation. The study highlights how those disparities 
in technological access – particularly between re-
source-rich and resource-poor institutions – affect 
students’ ability to fully engage with GAI tools. For 
instance, students from institutions with robust dig-
ital infrastructure reported higher engagement levels 
and better learning outcomes, while those from un-
der-resourced institutions faced challenges in access-
ing necessary devices, stable internet connections, 
and GAI platforms. These gaps not only limit learning 
opportunities but also exacerbate existing inequities 
in educational outcomes.

To address these issues, policy and practice rec-
ommendations should focus on equitable access to 
technology across all educational settings. Govern-
ments and educational institutions must prioritise 
infrastructure investments, ensuring that all students 
have access to the necessary tools for digital learning. 
Additionally, universities should implement inclu-
sive pedagogical strategies, such as hybrid learning 
models, that accommodate students with varying 
levels of access to technology. Policy initiatives could 
also include subsidised access to digital resources,  
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tailored training programmes for educators to effec-
tively use GAI tools, and support systems for students 
facing technological challenges. These measures will 
help bridge the digital divide and ensure that GAI in-
tegration fosters inclusive, equitable learning environ-
ments for all students.

A limitation of this study is the use of a single- 
institution sample, which reduces the generalisabil-
ity of the results. The findings may not be applicable 
to other institutions with different technological in-
frastructures, educational practices, or student de-
mographics, limiting the broader applicability of the 
study’s conclusions.

Conclusions
The GAI implementation research at educational in-
stitutions yielded significant scientific and practical 
discoveries. GAI improved student involvement and 
learning quality, according to the data. Automatic code 
verification using GAI helped 80% of IT students un-
derstand the topic and enhance their programming 
skills. This shows how well adaptive learning systems 
work in education. GAI also shortened assignment 
completion time. GAI technologies cut practical task 
time by 30%, allowing students to spend more time 
on in-depth study and other learning activities. This 
shows that GAI improves education and learning.

The study also identified several challenges, partic-
ularly regarding automated assessment and the lack of 
an individualised approach. Many students expressed 
dissatisfaction with the automated evaluation of their 
essays, citing the algorithms’ inability to account 
for creative and analytical aspects. 65% of surveyed 
students noted that the algorithms failed to consider 
the contextual nuances of their work, which negatively 
affected their motivation and confidence. These find-
ings highlight the need for further refinement of GAI 
algorithms to better accommodate individual student 
characteristics and improve the quality of feedback.

The implementation of GAI in educational 
institutions holds significant potential to enhance 
the quality of education. However, to maximise 
its effectiveness, it is essential to address both 
technological and ethical considerations while con-
tinuing research to support the further development 
and optimisation of educational processes. Education-
al institutions should actively collaborate with technol-
ogy developers to tailor GAI solutions to their needs, 
thereby fostering an innovative educational environ-
ment that promotes student growth and development.
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Appendix 1. The questions asked to participants

1	 How would you rate the level of integration of GAI 
into the curriculum at your educational institution? 
(Rate on a scale of 1 to 5)

2	 Which GAI technologies have you utilised in your 
educational experience? (Please list them)

3	 In your opinion, what are the primary advantages of 
using GAI in the educational process?

4	 What challenges have you faced in implementing 
GAI in education?

5	 What role do you envision GAI playing in the future 
of education?

6	 How has GAI affected your understanding of the 
subject matter? (Rate on a scale of 1 to 5)

7	 How frequently do you use GAI tools for learning or 
teaching purposes? (Rate on a scale of 1 to 5)

8	 Do you believe GAI enhances the quality of 
feedback provided to students? (Rate on a scale  
of 1 to 5)

9	 How effective do you think GAI is in personalizing 
learning experiences for students? (Rate on a scale 
of 1 to 5)

10	How often do you encounter technical issues when 
using GAI tools in education? (Rate on a scale of  
1 to 5)

11	What type of GAI technologies do you think should 
be introduced in the curriculum for better learning 
outcomes?

12	Do you think GAI technologies reduce the workload 
of teachers? (Rate on a scale of 1 to 5)

13	How satisfied are you with the available training for 
using GAI tools in your educational setting? (Rate 
on a scale of 1 to 5)

14	Do you feel GAI-based learning methods improve 
students’ critical thinking and problem-solving 
skills? (Rate on a scale of 1 to 5)

15	How likely are you to recommend the integration of 
GAI in the educational process to other institutions? 
(Rate on a scale of 1 to 5)

16	How does the use of GAI tools impact student 
collaboration in group projects? (Rate on a  
scale of 1 to 5)

17	How do you think GAI will affect the role of teachers 
in the next 5 years? (Rate on a scale of 1 to 5)

18	In your opinion, does the implementation of GAI in 
education reduce barriers for students in remote ar-
eas? (Rate on a scale of 1 to 5)

19	How satisfied are you with the level of interaction 
between GAI and students in your courses? (Rate on 
a scale of 1 to 5)

20	What further improvements do you suggest for GAI 
technologies in educational environments?
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