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Abstract

The introduction of Generative Artificial Intelligence (GenAl) tools, like ChatGPT, into
higher education heralds a transformative era, reshaping instructional methods, enhancing
student support systems, and redefining the educational landscape. Recent literature reviews
on GenAl highlight a lack of focus on how these tools are being practically implemented in
educational settings. Addressing this gap, the present study systematically examines empirical
case studies that demonstrate the integration of GenAl into teaching and learning in higher
education, offering actionable insights and guidance for academic practice.

We conducted a search of relevant databases and identified 21 empirical studies that met our
inclusion criteria. The selected studies cover a diverse range of disciplines, locations, types of
participants (from first-year students to postgraduates and academics), and a variety of
methodologies. We classified the selected publications based on the pedagogic theory of
Laurillard’s Conversational Framework (LCF) and the Substitution, Augmentation,
Modification, and Redefinition (SAMR) framework. We also synthesized definitions from
selected empirical studies and recent research exploring Technological Pedagogical Content
Knowledge (TPACK) in the age of GenAl, providing a comprehensive understanding of
GenAI-TPACK factors. Limitations and future research opportunities are also discussed. The
paper concludes by providing a GenAI-TPACK diagram to guide educators in effectively
incorporating GenAl tools into their teaching practices, ensuring responsible and impactful
use in higher education.

1. Introduction

Generative Artificial Intelligence (GenAl) is transforming higher education, by challenging
traditional teaching approaches, improving student support systems, and reshaping the
educational ecosystem. GenAl can be defined as a technology that leverages deep learning
models to generate human-like content (e.g., images, words) in response to complex and
varied prompts (e.g., languages, instructions, questions) Lim et al. (2023). The most popular
type of GenAl model, ChatGPT, captured widespread attention across the global academic
community. The claim of the developers that the ChatGPT-4 can pass any exam with a score
around the top 10% of test takers (OpenAl et al., 2023) led to widespread discussions on
academic integrity. As the implementation of ChatGPT and similar technologies in
classrooms becomes more prevalent, a comprehensive examination of their effectiveness and
integration is imperative.

A growing body of research across disciplines such as engineering (Nikolic et al., 2023;
Nikolic, Sandison, et al., 2024), medical education (Currie (2023), Gilson et al. (2023),



microbiology (Das et al., 2023), and economics (Geerling et al., 2023) has begun to evaluate
ChatGPT's performance against university assessments. Findings generally indicate that with
minimal input modifications, ChatGPT can produce acceptable responses, suggesting a need
to recalibrate educational practices in anticipation of more advanced Al iterations. This
evolving scenario underscores the importance of reassessing our pedagogical approaches as
these tools become increasingly capable.

Recent investigations have highlighted the advantages of using GenAl in educational settings,
with both teachers and students. With teachers, it can help in creating assessments (Baidoo-
Anu et al., 2023; Kasneci et al., 2023; Zhai, 2023), enhancing flipped learning methodologies
(Rudolph, 2023), developing curriculum (Simms, 2024), and identifying and developing
superior learning resources (Muddam et al., 2023). With students, it can provide personal
tutoring (Mhlanga, 2023), facilitate enhanced learning by providing answers to theoretical
questions, stimulate creative thinking, summarise complex essays into understandable
formats, and serve as a copyediting tool to aid students weak in language skills (Michel-
Villarreal et al., 2023). Learning to use new GenAl tools is also important because students
can learn to work more efficiently, accurately and make further advancements (Nikolic,
Suesse, et al., 2024).

However, the use of GenAl is not devoid of challenges. Investigations have uncovered issues
such as cheating, plagiarism, misleading information, and outdated content (Tlili et al., 2023).
Overreliance on GenAl, and the ethical and pedagogical issues outlined above, emphasise the
need for proper guidelines and policies to ensure responsible use of GenAl in education
(Chan et al., 2023).

With these considerations in mind, understanding the functionality of GenAl within higher
education classrooms becomes crucial. Due to the massive number of papers published in the
field, educators often face challenges in finding practical examples of GenAl implementation.
This makes it difficult to determine if the wheel is constantly being reinvented, or if diversity
and originality in GenAl application is taking place. At the same time teachers, universities
and regulators are seeking to engage and adapt educational offerings to the evolving
requirements of the future workplace and the rapidly changing capabilities of GenAl
technology. This paper aims to systematically review case studies on the implementation of
GenAl in higher education, assessing the extent to which the current research addresses
previously identified gaps. It also provides guidelines to academics on the workings and
integration of these Al applications in higher education settings, emphasizing the need for a
comprehensive understanding to enhance productivity and professional practice readiness.

2. Related literature

2.1 Theoretical Frameworks

Effectively leveraging GenAl capabilities requires more than just an understanding of the
technology itself. Theoretical frameworks can be applied as a structured approach to assess,



implement, and evaluate their use when integrated into educational contexts. They provide
theoretical and practical structures to navigate the complexities of adoption, ensuring that
educational technologies are used effectively, ethically, and inclusively (Nikolic, Sandison, et
al., 2024). Some of the relevant frameworks that can be applied to GenAl follow.

The first theoretical framework utilised in this paper is Laurillard’s Conversational
Framework (LCF) and the concept of learning types (Laurillard, 2012). This framework was
chosen because of its robust theoretical foundation in analysing learning processes across
diverse educational settings. Studies have shown that it enables educators to align
instructional strategies with desired learning outcomes, particularly in contexts involving
emerging technologies (Laurillard (2012); Heinze et al. (2007). Laurillard’s work helps
emphasize the importance of communication and interaction between teachers and learners,
helping teachers optimize technology-enhanced learning by providing theory-informed tools
and scaffolding for adopting, adapting, and innovating effective pedagogical practices.
Laurillard identifies six types of learning activities, each representing a fundamental way
learners engage with material. They are acquisition, inquiry, discussion, practice,
collaboration and production. By mapping these learning types onto the Conversational
Framework, educators can evaluate whether all aspects of the learning process are being
addressed.

The SMAR Model (Substitution, Augmentation, Modification, Redefinition) offers a valuable
perspective on the transformative educational potential of GenAl by helping to describe and
categorize the integration of digital technologies (Blundell et al., 2022). This framework
categorizes the levels at which technology enhances or transforms educational practices, from
the basic substitution of existing tools to the complete redefinition of learning experiences
(Puentedura, 2009). By undertaking this analysis, insights can be gathered into whether the
technology is being used for lower-level enhancement learning activities or higher-level
transformation activities (Hamilton et al., 2016). When applied to GenAl, the SMAR model
can help researchers and practitioners distinguish between superficial uses and more
profound transformations, helping guide educators to maximize the value of GenAl
technologies while avoiding shallow implementations that fail to address deeper educational
goals.

The final Technological Pedagogical Content Knowledge (TPACK) framework provides a
comprehensive lens through which to evaluate the interplay of technology, pedagogy, and
content in integrating GenAl (Mishra et al., 2023). GenAl technologies often require
educators to rethink their pedagogical strategies and the delivery of subject-specific content.
TPACK facilitates this process by helping educators balance these domains effectively. For
instance, in teaching with GenAl-driven writing assistants, educators must align the tool’s
capabilities with sound pedagogical approaches, such as fostering collaborative learning, and
ensure it supports subject-specific goals like developing critical thinking skills in
composition. TPACK ensures that technology integration occurs not in isolation but as part of
a holistic educational strategy.

2.2 Recent systematic reviews on GenAl



The case for this systematic literature review is built upon insights from recent literature
reviews that examine the role of Generative Al in education. The following paragraphs
summarise key contributions from individual works, which collectively inform the rationale
and scope of this review.

Bozkurt (2023) conducted an analysis of research trends and patterns in GenAl within the
educational sector, utilising data mining and analytical techniques. The study identified seven
key themes as promising areas for future research in educational praxis: interaction with
GenAl-powered chatbots, the impact of large language models (LLMs) on teaching and
learning, opportunities and challenges of conversational educational agents, the enhancement
of social and cognitive learning processes through GenAl, the promotion of Al literacy to
unlock future opportunities, the expansion of academic capabilities through Al, and the
augmentation of educational experiences via human-Al interaction. These themes underscore
the multifaceted potential of GenAl in transforming educational practices that need
uncovering.

Building on the advancements of GenAl technologies, Park et al. (2024) anticipated an
increase in research focusing on Al in blended learning environments. Their findings suggest
that Al is primarily used in asynchronous online learning components but is less often applied
to link these with face-to-face classroom activities. They recommend that future research
should provide direction for educators on how to integrate GenAl to optimise blended
learning implementations effectively.

Sohail et al. (2023) explored the practical applications of ChatGPT, emphasising its potential
to solve real-world educational challenges. They highlighted critical issues such as biases and
trustworthiness of the technology, advocating for further research and development to address
these concerns. The study also identified potential future research directions, suggesting
solutions to current challenges and forecasting advancements that could enhance the efficacy
and reliability of ChatGPT in educational settings.

Castillo-Segura (2023) assessed the efficacy of Al tools and their respective LLMs during
classification of 596 articles in the screening phase of a systematic literature review. The
results highlight that while GPT-4 demonstrated the best overall performance, it is not yet
entirely reliable, necessitating additional input from the research team for comprehensive
classification. This finding points to the ongoing need for human oversight in Al-assisted
research processes.

Kumar et al. (2024) performed a systematic literature review exploring how GenAl might
drive innovation in higher education, and identified three main themes: Academic Integrity,
Pedagogical Techno-Innovation, and Experiential Engagement. The literature review
highlighted several benefits, including support for digital writing, automated writing
evaluations, increased productivity, innovative assessment design, and enhancement of
information literacy instruction. Concurrently, the study identified challenges such as
managing indeterminate data, ensuring the ethical use of student data, distinguishing between



human-written and Al-generated text, and addressing threats to academic integrity. These
findings underscore the dual nature of GenAl's impact, and outlines many potential study
directions, including exploring the potential of GenAl tools in enhancing student learning and
engagement or enhancing readiness and adaptability of educational institutions to GenAl
technologies and develop skills of faculty and students to handle these tools.

Hobensack et al. (2024) conducted a rapid literature review focusing on the current and
potential uses of large language models in nursing. The review identified significant
opportunities for applying these models but also highlighted several challenges, including
ethical issues related to bias, misuse, and plagiarism. This review underscores the need for
careful consideration of ethical implications in the deployment of Al technologies in
specialised fields such as nursing.

Suryanto et al. (2023) reviewed the development, achievements, challenges, and emerging
trends of chatbots, distinguishing between rule-based and GenAl approaches. The study
concluded that while each approach has its advantages and disadvantages, there is a need for
ongoing supervision in aspects such as language comprehension, bias, and ethical
considerations. This highlights the importance of maintaining ethical standards in the
development and deployment of chatbot technologies.

Alateyyat et al. (2024) analysed 295 articles from the Scopus database about GenAl in higher
education, noting a predominant focus on providing general overviews with a shortage of
research in specific topics, including integration with teaching practices, prediction models,
Al in assessment, and support of administrative processes in higher education institutions.
This recommendation points to a need for deeper exploration and practical application of Al
technologies in educational settings.

In response to these identified research gaps, this study seeks to provide an overview of
empirical research exploring the practical integration of GenAl into university teaching and
learning. Unlike previous reviews, which often focus on broad trends (e.g., Alateyyat and
Soltan (2024) or specific themes such as ethical considerations (Hobensack et al., 2024) or
technological advancements (Bozkurt, 2023), this review uniquely examines the case studies
of GenAl integration. By systematically analysing empirical studies, it aims to identify how
GenAl can be effectively implemented to enhance student engagement, optimise teaching
practices, and address the challenges of adoption in diverse higher education contexts.
Furthermore, this review addresses critical gaps by mapping its findings against conceptual
educational frameworks such as LCF, SMAR, and TPACK, providing a structured lens to
evaluate GenAl's impact. To achieve this, the study seeks to answer the following research
questions:

RQ1: What are the characteristics of the research conducted on GenAl implementation
within higher education settings, including the geographical locations of the first authors,
participant characteristics, and disciplinary focus?



RQ2: What study designs and research methods are used to evaluate the effect of GenAl
integration in higher education?

RQ3: How can the effectiveness of the GenAl implementation in higher education can be
analysed and categorised through the lens of the conceptual educational frameworks (LCF,
SMAR and TPACK)?

RQ4: What recommendations to academics for the implementation of GenAl can be drawn
from the analysis?

RQS: What are the necessary methodological improvements and future research directions to
better understand the impacts of GenAl in higher education?

3. Methods

3.1 Research design

This review adopted PRISMA Statement (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) approach (Page et al., 2021) and proceeded in three steps: (1) article
selection, (i1) article screening and inclusion, and (iii) data extraction and analysis.

First, we developed a research protocol which specified:

e The population of interest: Universities, irrespective of geographical location.

e The phenomenon of interest: GenAl in education.

e The outcomes: The use of GenAl in learning and teaching, associated examples and
case studies, and the factors that helped or hindered it.

To the authors’ knowledge, no similar review has been published or is in development. This
was confirmed by searching academic databases.

The review is confined to the Scopus database exclusively, selected for its status as one of the
largest curated abstract and citation databases that supports robust academic research in
quantitative science studies with its comprehensive coverage of high-quality scholarly
publications aligning with the review's objectives (Baas et al., 2020). Considering the novelty
of the research question, book chapters or conference papers were not excluded from the
search results. Table 1 summarises the inclusion criteria for article selection.

Table 1. Inclusion and exclusion criteria for article selection.

Criterion Inclusion

Topic Focusing on the use GenAl in education or technologies with GenAl
characteristics - technology that generates human-like content in response to
complex and varied prompts

Study type Empirical studies that demonstrate an authentic example of GenAl integration
into the university teaching




Source Journals, Conference papers, Book chapters
Period January 1, 2023 to February 15, 2024
Language English

3.2 Article selection

Given the massive increase in publications related to GenAl, the keyword structure was
specifically designed to capture papers addressing the scope of the study. The following
keywords were identified:

o Keywords related to GenAl: "artificial intelligence" OR "ChatGPT" OR "AI" OR
"GenAl"

e Keywords related to integration of GenAl: "integration" OR "case study" OR
"application" OR "implementation" OR "example"

e Keywords related to education: "teaching" OR "education" OR "classroom"

e Keywords related to university: "college" OR "faculty" OR "post-graduate" OR
"postgraduate" OR "tertiary" OR "under-graduate" OR "undergraduate" OR
"university" OR "HE"

o Keyword related to the presence of students in the study: "student"

To ensure the inclusion of the most recent and relevant insights, particularly following the
significant advancements in GenAl marked by the launch of GPT-3 in late 2022, the article
selection was limited to publications from 2023 onwards. Articles not published in English
and review papers were excluded.

The Boolean search string we used was:

TITLE-ABS-KEY("artificial intelligence" OR "ChatGPT" OR "AI" OR "GenAI")
AND

TITLE-ABS-KEY ("integration" OR "case study" OR "application” OR "implementation" OR
"example")

AND
TITLE-ABS-KEY ("teaching" OR "education" OR "classroom")
AND

TITLE-ABS-KEY ("college" OR "faculty" OR "post-graduate” OR "postgraduate” OR
"tertiary" OR "under-graduate" OR "undergraduate" OR "university" OR "HE")

AND
TITLE-ABS-KEY(student)
AND

PUBYEAR > 2022 AND PUBYEAR < 2026 AND ( LIMIT-TO ( LANGUAGE, "English" ) )
AND (EXCLUDE(DOCTYPE, “re”) OR EXCLUDE (DOCTYPE, “cr”)).




3.2 Article screening and inclusion

The article search conducted in February 2024 identified 489 publications. No ineligible
records were identified by the authors, and all articles were included for screening (Figure 1).
Titles and abstracts of the publications were screened by eight authors to identify articles
focused on findings from examples or case studies of the integration of GenAl in university
teaching and learning. Each article was screened by two authors independently. Differences
of opinion were resolved through group discussion. The exclusion criteria (EC) established
for this review were as follows:

EC1: Publications not relevant to the scope of the study, for example, research focusing on
school students instead of university students.

EC2: Publications lacking a case study with empirical data on GenAl implementation in

tertiary education, such as for example, studies focusing solely on perceptions (rather
than observations) of how GenAl can be used or misused in tertiary education.

EC3: Publication not accessible.

Following the initial title and abstract screening, 74 papers were included, 275 papers were
excluded based on the exclusion criteria (239 by EC1 and 36 by EC2), and there was
disagreement among the reviewers on 140 publications. These papers were then discussed
further in a group, resulting in an additional 15 papers included and 125 papers excluded (73
by EC1 and 52 by EC2). The total number of papers excluded through the title and abstract
screening process is 400.

After the initial exclusions, the full-text screening of the remaining 89 reports resulted in
further exclusions: 28 reports were not relevant to the study's scope (EC1), 23 lacked
evidence of GenAl implementation (EC2), and 1 report was inaccessible (EC3).
Subsequently, there were differing opinions among reviewers on an additional 9 reports.
These were discussed by the group of authors, resulting in all 9 being excluded (3 by EC1
and 6 by EC2). In total, out of the 89 papers reviewed at this stage, 28 were included for
further analysis, and 52 were excluded for the reasons specified.

Ultimately, 7 studies were excluded post-extraction as they did not provide adequate evidence
of GenAl implementation in higher education teaching (EC2), leaving a total of 21 studies for
the final analysis.
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Figure 1. PRISMA flow diagram of article selection.




3.3 Data extraction

The final data extraction process was conducted on the remaining 21 studies. Data from
included studies were extracted onto a pre-defined Excel data collection form. To address the
research questions, data from each paper was collated as follows:

RQ1 — title, author, year, location, number and type of participants, the aim of the study; the
disciplines represented; reference to Gen Al used;

RQ2 - study methods, educational theories, study outcomes and key findings;

RQ3 — type of learning activities, study outcomes, summaries of GenAl implementation;
RQ4 — author-identified limitations and future research opportunities;

RQ 5 - established after the comprehensive study by the authors.

The summary of the included publications classified by the university educational level is
shown in the appendix (Table A).

4. Results and discussion

4.1 Study characteristics to address RQ1

The first research question, aimed to determine the characteristics of the research conducted
on GenAl implementation in higher education (including the geographical locations of the
first authors, participants’ characteristics, and discipline distribution). 1t is quite central of
being aware of the characteristics of a research field in order to overcome possible
methodological deficiencies, for example (Buchner et al., 2021). This is also important to
know to understand the breadth of implementation (and any under-studied areas). As shown
in appendix Table A, first-year students are represented in 4 studies, second and third-year
students are also featured in 4 studies, postgraduate students are involved in 2 studies, mixed
undergraduate and postgraduate groups appear in 1 study, unspecified undergraduate students
are included in 7 studies, unspecified students are represented in 2 studies, and academics are
the focus of 1 study.

The geographic distribution of studies summarised in Figure 2 is relatively diverse, with a
significant representation from Asia and Europe (29% each; n=6), closely followed by
Oceania (24%; n=5), North America (9%; n = 2), Africa and Middle East (9%; n = 2). The
articles reviewed include 18 published in 2023 and three from early 2024, consistent with the
literature search being conducted in February 2024. These data are derived from the included
studies listed in Appendix Table A.
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Figure 2. Geographical distribution of selected papers. (n =21)

Discipline distribution (Figure 3), derived from the date listed in Appendix Table A, shows
that language courses, of all disciplines, have the highest number of related articles at 33%
(n=7). This focus is largely due to the significant impact GenAl tools like ChatGPT have on
language-related academic tasks, particularly in writing. For example, Nikolic et al. (2023)
noted that ChatGPT could produce work that satisfies marking rubrics when provided with
the right prompts. This increased interest in the impact of GenAl on student writing is driven
by academic concerns regarding breaches of academic integrity, as educators seek to
understand and mitigate potential issues of academic dishonesty while still leveraging the
benefits of these advanced tools for educational enhancement.

Following Languages, the fields of Information & Communication Technologies (29% ; n=6)
and Engineering & Science (19% ; n=4), demonstrate the applicability of GenAl in more
technical academic tasks, especially coding. One remarkable example of what GenAl can
achieve in the field of coding is its ability to automate the creation of complex software
applications. Given the many advantages of GenAl, academics are exploring alternative
methods to traditional STEM education.

Education disciplines (9%, n=2), complemented by contributions from the Humanities and
Social Sciences (5%, n=1) and Multidisciplinary case studies (5%, n=1), reflect the
widespread impact of GenAl across the entire education system. This variety suggests that as



more tailored applications of GenAl are developed, its influence could extend further,
enhancing various fields of study.
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Figure 3. Discipline distribution of selected papers. (n = 21)

The aims of the selected research papers (Table A) are diverse, reflecting the wide-ranging
potential of GenAl in transforming higher education practice across various disciplines.
These studies collectively focus on leveraging GenAl to enhance learning experiences,
develop specific skills, and assess the impact of this technology on both students and
educators.

For example, in science education, Exintaris et al. (2023) aim to enhance problem-solving
and critical thinking in chemistry via ChatGPT-generated prompts. In engineering, Zhao et al.
(2023) assess GenAl's potential and limitations, focusing on student experiences with
ChatGPT. Kirwan (2023) in humanities addresses concerns about Large Language Models
like ChatGPT by exploring their applications and related discussions, and in Information
Technology, Wang and Feng (2024) study the impact of prompt engineering on information
retrieval skills.

Lu et al. (2024) compare teacher and ChatGPT feedback on Chinese writing to understand its
effectiveness and student perceptions, while Kuramitsu et al. (2023) evaluate the impact of
Al-based assistance in programming education, focusing on how GenAl can supplement



traditional teaching methods by helping students address unresolved errors and clarify
unknown terms.

These studies collectively reveal a significant interest in understanding how GenAl can
transform teaching and learning practices across various disciplines, highlighting both
opportunities and challenges in its integration into university curricula.

4.2 Study designs and research methods to address RQ2

The second research question aimed to determine the study designs and research methods
used to evaluate the effect of GenAl integration in higher education. This is important to
know to gauge the reliability and validity of findings that can guide effective implementation
and policy decisions. The selected publications were classified into qualitative, quantitative,
and mixed-methods designs (Table 2) according to Creswell's framework (Creswell, 2014).
The classification utilized extracted data that covered study methods, educational theories,
study outcomes and key findings.

The majority of publications (15 of the 21 studies) implemented mixed-method research
designs. For example, Kuramitsu et al. (2023) conducted qualitative and quantitative analysis
of student interactions with coding assistant GenAl tool, and Uddin et al. (2023) combined
case study quantitative evaluations with qualitative student surveys in a construction
program.

Solely quantitative research designs were used in two studies (Wang, Wang, et al.,
2024),(Qureshi, 2023) to measure performance metrics objectively. Wang, Wang, et al. (2024)
assessed the impact of prompt engineering on students’ ability to find information using
ChatGPT by conducting statistical analysis of the task completion qualities, and Qureshi
(2023) scored performance of student teams in programming challenges.

Qualitative observations were conducted in four studies (Kirwan, 2023; Pitso, 2023; Widiati
et al., 2023; Zhao et al., 2023) often involving qualitative student surveys and classroom
performance observations. For example, Pitso (2023) studied how multidisciplinary students
tested out ChatGPT on their assignments and conducted post-study interviews to check
lessons learnt and whether students were ready to embrace learning based on critical thinking,
empowerment theory and GenAl systems.

The most common research methods across the studies were surveys and interviews, utilised
in fifteen papers, of which fourteen researchers reported data from student’s survey (Belda-
Medina et al., 2023; Bernabei et al., 2023; Exintaris et al., 2023; French et al., 2023; Guo et
al., 2023; Lu et al., 2024; Murillo-Ligorred et al., 2023; Pitso, 2023; Silitonga et al., 2023;
Speth et al., 2023; Uddin et al., 2023; Wang & Feng, 2024; Zhao et al., 2023) and Widiati et
al. (2023) interviewed teachers.

Eight studies evaluated the correlation between subject knowledge and GenAl integration
into classroom activities. Five of these studies assessed student performance through pre- and
post-GenAl intervention subject knowledge tests and assignments (Elkhodr et al., 2023; Guo
et al., 2023; Qureshi, 2023; Uddin et al., 2023). Assignments completed with the assistance of



GenAl were evaluated in two studies: Bernabei et al. (2023) and Lu et al. (2024). Exintaris et
al. (2023) studied students' ability to critically evaluate solutions generated by ChatGPT and
to identify errors. Finally, Wang, Wang, et al. (2024) investigated whether subject-related
prior knowledge affects the quality of the answers obtained from ChatGPT by the students.

Six publications employed a quasi-experimental design to compare groups of students with
and without GenAl interventions. Of these, the studies by Wang, Wang, et al. (2024) and
Qureshi (2023) focused on quantitative assessments, while the studies by Silitonga et al.
(2023), Elkhodr et al. (2023), Khang et al. (2023) and Guo et al. (2023) used mixed methods
to provide a more comprehensive analysis of how GenAl enhances student performance and

engagement.
Table 2 Classification of final papers by methodology (n=21)
Study design Citation Research methods
Quantitative =~ Wang, Wang, et al. Quasi-experimental research (experimental vs control group),
(2024) statistical analysis of student performance
Qureshi (2023) Quasi-experimental research, Quantitative evaluation of student
performance
Qualitative Zhao et al. (2023) Qualitative student survey
Kirwan (2023) Student performance observation
Widiati et al. (2023) Qualitative teacher interviews
Pitso (2023) Qualitative Empowering Education method called Evaluation
Design, semi-structured student interviews
Mixed Silitonga et al. (2023)  Quasi-experimental research,qualitative student performance and

survey motivation evaluations

Bernabei et al. (2023)  Student survey, quantitative and qualitative student assignment
evaluation

Exintaris et al. (2023)  Evaluation of student performance, qualitative student interviews,
metacognitive tools

Lu et al. (2024) Quantitative evaluation of student performance, qualitative student
survey followed by the quantitative analysis of the responses

Kuramitsu et al. Qualitative and quantitative evaluation of student interaction and

(2023) engagement with GenAl

Speth et al. (2023) Student survey, observation of the case study

Elkhodr et al. (2023)  Quasi-experimental research, qualitative reflective exercise analysis
and instructor observations, qualitative rubric scores

Murillo-Ligorred et Semi-structured student interviews, data analysis using the constant
al. (2023) comparative method

Belda-Medina and Qualitative and quantitative student surveys and interviews
Kokoskova (2023)

French et al. (2023) Qualitative student survey and semi-structured interviews,

quantitative data analysis

Khang et al. (2023) Quasi-experimental design, student observations, inferential
statistical analysis




Study design Citation Research methods

Guo et al. (2023) Quasi-experimental design, student performance evaluation through
pre-test and post-test, student’s survey

Uddin et al. (2023) Case study observations, results evaluation, qualitative student
survey

Han et al. (2023) Quantitative student survey. Student performance observations,
focus group interviews

Wang and Feng Student survey and semi-structured group interviews, qualitative

(2024) skills assessment

4.3 Laurillard’s Conversational Framework (LCF) classification of selected studies to
address RQ3

The third research question was to determine zow can the effectiveness of the GenAl
implementation in higher education can be analysed through the lens of the conceptual
educational frameworks (LCF, SMAR and TPACK)? This is important to check the alignment
of GenAl integration with established pedagogical theories in seeking to enhance educational
outcomes.

First we classified the final 21 papers based on the pedagogic theory of Laurillard’s
Conversational Framework (LCF) and the concept of learning types (Laurillard, 2012). This
framework has proven effective in aiding educators to describe and discuss the student
learning process comprehensively. Laurillard (2012) identifies six distinct learning types that
facilitate different aspects of the educational experience, each fostering unique skills and
competencies in learners:

Acquisition: This type of learning involves students exploring ideas provided by their
teachers. It is characterized by the transmission of knowledge from educator to student,
typically through lectures, readings, or multimedia content.

Investigation: Students engage in learning through investigation where they explore,
compare, and critique texts, documents, and resources. This process encourages
learners to delve deeper into the subject matter, reflecting on the concepts and ideas
being taught and developing critical thinking skills.

Practice: Learning through practice requires learners to engage in activities where they
must apply what they have learned to complete specific tasks. This learning type
emphasizes the importance of iterative feedback and adapting one's approach based
on this feedback to meet the learning objectives effectively.

Discussion: This learning type necessitates learners articulating their ideas and questions
and responding to those posed by their teachers or peers. Discussion fosters a deeper
understanding through dialogue and can often lead to new insights and perspectives.



Collaboration: In collaborative learning, students work together to solve problems or
complete projects. This type of learning is about the process of engaging with others,

sharing ideas, and developing solutions as a group, which mirrors many real-world

work environments.

Production: Production involves students creating a tangible or digital product that
demonstrates their understanding of the subject matter. This type of learning is

driven not just by the feedback from teachers but also by the motivation to create a
public output that has real-world application or academic value.

Table 3 demonstrates the varied applications and outcomes of the final set of papers
integrating GenAl tools into different learning environments across the educational spectrum.

Table 3 Classification of final papers by Laurillard’s Conversational Framework (n=21)

LCF
Learning

type

Acquisition

Inquiry

Discussion

Practice

Reference

Wang and
Feng (2024)

Kirwan (2023)

Elkhodr et al.
(2023)

Han et al.
(2023)

Exintaris et al.
(2023)

Murillo-
Ligorred et al.
(2023)

Wang, Wang,
et al. (2024)

Kuramitsu et
al. (2023)

Widiati et al.
(2023)

Learning Activities
Implemented

ChatGPT used for reading
assistance and analysis in an
English reading class

Introductory class to demonstrate
how to operate ChatGPT and
identify the affordances and
limitations

Allowing students to use
ChatGPT in tutorials as a tool,
compared to the traditional
approach of web searches and
lecture material

Using ChatGPT as instructor
assisting with essay revision

Workshop to critique provided
ChatGPT-generated solutions for
problems

Classroom discussions and
analysis of deepfake images

Prompt engineering applied in
flipped classrooms for
information retrieval

Al-based assistance for
programming education

Students used Al tools to assist
them in creative and other
writing tasks in English

Outcome

Explored whether ChatGPT could
facilitate the exploration of English
original masterpieces in a
comparative study

Provided an overview of ChatGPT
in academia and moderated fears
about its potential

ChatGPT proved to be a valuable
tool in assisting students in
generating user flows and ideas

Most students reported positive
experience with ChatGPT, however
students with lower technology
skills faced challenges

Enhanced metacognitive and critical
thinking skills

Develop critical thinking about
deepfakes

Observed positive influence of
mastering prompt engineering on
the effectiveness of information
retrieval from ChatGPT

Reduced number of basic questions
to teachers

Teachers reported positive impact
on student writing, such as idea
generation, vocabulary and




Collaborati
on

Production

Bernabei et al.
(2023)

Silitonga et al.
(2023)

Speth et al.
(2023)

Qureshi (2023)

Khang et al.
(2023)

Guo et al.
(2023)

Uddin et al.
(2023)

Lu et al.
(2024)

Belda-Medina
and
Kokoskova
(2023)

French et al.
(2023)

Pitso (2023)

Zhao et al.
(2023)

Students engaged with ChatGPT
to write an essay and then
ChatGPT used to detect if the
essay Al generated

Al chatbot-based learning in
English writing classroom

Al-generated exercises
implemented in programming
courses

Students were encouraged to
engage with ChatGPT for help
with the programming problems

Students learning English using
different chatbots

Chatbot-assisted debates to
enhance students’ argumentation
skills and motivation

ChatGPT integrated into
construction hazard recognition
curriculum

Combination of teacher and
ChatGPT feedback

Students completed assessment
report with the assistance of
Chatbots

Students were given a research
and development assignment that
explicitly required them to
engage with OpenAl tools

Students using ChatGPT to
complete assignment and resolve
social problem

Using ChatGPT to design a
course; students creating
materials using ChatGPT

organisation

Students enhanced understanding of
GenAl benefits and limitations and
emphasized the crucial role of
teachers in the educational process

Increased students’ motivation after
using ChatGPT

Evaluated the use of Al teaching
materials in coding education

Students using ChatGPT improved
their scores, but teams using
ChatGPT-generated code faced
difficulties with test cases in the
Programming Contest Control
environment

Students may lack experience with
GenAl

Chatbot improves the argumentative
skills and motivation in students

ChatGPT significantly improved
students' construction hazard
recognition ability

Evaluated the effectiveness of
ChatGPT and teacher feedback in
assessing student writing. Improved
student’s writing

Found moderate level of student
satisfaction with linguistic chatbots

The integration of OpenAl tools
into the curriculum was both
productive and popular

ChatGPT significantly lessens
assignment completion time and
improves problem-solving abilities

Explored the potentials and
limitations of Al in the classroom,
learning students’ perceptions and
experiences

Specific implementations of Al technologies were extracted from the selected publications

and categorised by the LCF learning types, and collated along with the reported outcomes,

which commonly range from improved student performance to enhanced engagement with

course content.




For instance, under Acquisition, Wang and Feng (2024) used ChatGPT to assist in reading
and analysing English literature, highlighting the tool's capacity to facilitate a deeper
understanding of complex texts. In the Inquiry learning type, multiple studies such as those
by Kirwan (2023) and Kong et al. (2023) illustrate how ChatGPT serves as a powerful tool
for enhancing student investigation skills, aiding in everything from introductory tutorials to
the development of methodologies in chemical engineering design. This not only improves
understanding but also engagement with course material.

Discussion activities, represented by Exintaris et al. (2023) and Murillo-Ligorred et al.
(2023), focus on utilizing ChatGPT for critical thinking and discussing contemporary issues
like deepfakes, which plays a crucial role in developing students' analytical skills. In the
Practice learning type, studies such as those by Wang, Wang, et al. (2024) and Kuramitsu et
al. (2023) reveal how ChatGPT aids in practical applications like prompt engineering and
programming assistance, significantly reducing basic inquiries to instructors and enhancing
information retrieval effectiveness.

Collaboration is exemplified by Lu et al. (2024), where the combination of teacher and
ChatGPT feedback was found to improve student writing, showing the tool's effectiveness in
collaborative settings. And finally, studies corresponding to the Production type of learning,
such as those by Belda-Medina and Kokoskova (2023)) and Pitso (2023), explore how
ChatGPT can assist in creating more practical outputs such as research reports and
assignments, demonstrating its utility in producing tangible academic products.

By classifying the selected papers through the LCF framework, we can identify how GenAl
tools facilitate various learning types and their potential to support holistic educational
experiences. For example, acquisition learning types benefit from GenAl’s ability to deliver
content interactively, while collaborative learning activities leverage GenAl for group
problem-solving. For educators, this classification is practical as it highlights specific
learning types where GenAl has demonstrated success, providing actionable insights to
incorporate these tools effectively into their teaching practices.

4.4 Substitution, Augmentation, Modification and Redefinition (SAMR) analysis to
address RQ3

Our next approach to address RQ3 is to analyse the included papers against the Substitution,
Augmentation, Modification and Redefinition (SAMR) framework.

The SAMR framework was developed and first promoted by Dr Ruben Puentedura in 2009
(Puentedura, 2009). The four levels are grouped in to two main layers representing different
degrees of technology integration into learning experiences: enhancement and
transformation (for more information see Blundell et al. (2022)).

At the enhancement layer, technology enhances the existing educational process without
fundamentally changing it. The focus is on improving efficiency and adding features. Its two
levels are:



- Substitution: Technology acts as a direct substitute for traditional tools, with no
functional change. For example, a word processor can be used to type an essay instead
of handwriting it.

- Augmentation: Technology acts as a direct substitute, but with functional
improvements. For example, using a word processor with spell check and grammar
suggestions to type an essay.

At the transformation layer, technology transforms the learning experience by creating new
opportunities and ways of learning that were not possible before. This can lead to deeper
understanding and engagement. Its levels are:

- Modification: Technology allows for significant task redesign. For example, students
collaborate on a shared Google Doc to write and edit an essay in real-time, providing
immediate feedback to each other.

- Redefinition: Technology allows for the creation of new tasks that were previously
inconceivable. For example, students create a multimedia presentation or a video
essay incorporating various digital tools, conduct research online, and collaborate
with peers from around the world.

To conduct this analysis, we analysed extracted data, such as types of learning activities,
study outcomes, summaries of GenAl implementation, and classified each learning activity
mentioned in the selected articles through the SAMR Framework. Examples of the
technology integration extracted from the GenAl implementation case studies are shown in
Table 4, along with the justification for the allocation of each example to the different SAMR
levels.

Most of the selected studies reported multiple teaching activities where GenAl was
implemented, and, therefore, each study was allocated to all possible SAMR levels of
integration that are reflected in the publication. For example, Exintaris et al. (2023) uses
ChatGPT to generate solutions to chemical problems, classified as Substitution because this
task substituted the teacher’s work without causing any significant changes to the teaching
and learning process. However, the solutions created were used by students to analyse and
determine errors that enhance students’ critical thinking. As this level of integration describes
a teaching activity where technology is used to redesign learning activities with significant
functional improvement compared to human assistance, it is classified as Modification.

At the Substitution level, GenAl is used to directly replace traditional methods without
significantly enhancing or changing the educational outcome. As shown in Table 4, examples
include using GenAl for basic skills delivery in subjects like math and language, and
simulating conversations for practice in language learning or customer service.

The Augmentation level, frequently referenced across the studies, enhances traditional
educational tools by integrating advanced functionalities such as grammar checks and
assistance with writing tasks. This focus is logical, considering the third of the selected
studies are from language disciplines.



Moving to the higher tiers of the SAMR model, Modification and Redefinition also feature
prominently. Modification, as evidenced in practices like real-time feedback and dynamic

brainstorming sessions, significantly alters traditional educational activities. Redefinition
goes a step further by creating completely new tasks and methods of engagement, such as
integration of ChatGPT into the course material to enhance student learning (Zhao et al.,

2023) or GenAl integration into Computing and Digital Media research and development
assignment (French et al., 2023). The examples of Modification and Redefinition demonstrate

the potential for GenAl tools to profoundly shape and enhance the future of education.

For educators, SAMR can be used to assess the impact of GenAl on pedagogy and learning

outcomes. For example, the framework allows researchers and educators to distinguish
between basic uses of GenAl, such as grammar checking (augmentation), and transformative

uses, like creating entirely new learning tasks (redefinition). This distinction is particularly
valuable for educators who are just beginning to explore the integration of GenAl into their

teaching practices. At the substitution and augmentation levels, educators can experiment

with simple implementations, such as using GenAl for automated feedback on writing
assignments or generating sample problems for students. These initial steps provide a low-

risk entry point, enabling educators to become familiar with the capabilities of GenAl without
significantly altering their existing teaching methods.

As educators gain confidence, the framework guides them toward more advanced

applications in the modification and redefinition stages. For instance, in modification,

educators might redesign a traditional brainstorming activity by incorporating GenAl to
provide real-time, GenAl-generated prompts that inspire deeper critical thinking or

collaborative problem-solving. At the redefinition level, Gel9, nAl could be used to create

entirely new tasks, such as virtual role-playing scenarios or interactive simulations that were
previously impossible to achieve with traditional tools.

Table 4. An implementation analysis against the SAMR framework

SAMR Example of Justification Reference
Classification technology
integration
Substitution Teach Using GenAl to deliver fundamental skills, Wang et al. (2023)
fundamental such as basic math or language rules, can Kuramitsu et al. (2023)
skills directly replace traditional teaching methods Silitonga et al. (2023)
without altering the educational function. Elkhodr et al. (2023)
Belda-Medina and
Kokoskova (2023)
Han et al. (2023)
Simulate GenAl can simulate conversations for language  Widiati et al. (2023)
conversations learning or customer service training, Belda-Medina and

substituting for human interaction without Kokoskova (2023)

adding significant functionality. Khang et al. (2023)
Answer student  This use of GenAl acts as a direct substitute for ~ Kirwan (2023)
enquiries/ teacher or tutor responses, providing Wang and Feng (2024)
generate information without changing the learning Kuramitsu et al. (2023)




Augmentation

Modification

Redefinition

solutions

Performs
grammar checks

Assist with
writing tasks

Assist with
problem solving

Provide
immediate
feedback and

suggestions

Facilitates
brainstorming

Assist with the
analysis of
errors

Enhance critical
thinking

Generate new
ideas

Generate new
work samples
(text, images
etc.)

Generates new
method of
learning

Generative
problem-solving
environments

dynamics.

GenAl enhances traditional spell-checkers by
understanding context and suggesting more
accurate grammatical corrections

GenAl provides enhancements like suggestions,
improvements, or structural help that goes
beyond simple text processing

GenAl offers tools or methods that improve the
problem-solving process, such as step-by-step
guides or interactive aids.

GenAl can analyse student responses in real-
time and offer tailored feedback

GenAl provides unique ways to enhance or
manage the brainstorming process that wouldn't
be possible with traditional tools.

GenAl allows for deeper analysis or a more
comprehensive review than traditional methods.

GenAl challenges students or provides
scenarios that require higher-order thinking that
goes beyond traditional tasks.

GenAl uniquely generates ideas that would not
have been possible without it, potentially
through Al-driven insights.

Uses GenAl to create unique content or
samples that extend beyond simple templates or
modifications.

GenAl introduces completely new ways of
learning or interacting with the material that
fundamentally transforms the educational
experience.

GenAl creates complex, real-world problems
that students must solve, offering a platform for
innovative thinking and solution development

Bernabei et al. (2023)
Qureshi (2023)

Widiati et al. (2023)
Kuramitsu et al. (2023)
Belda-Medina and
Kokoskova (2023)
Khang et al. (2023)

Widiati et al. (2023)
Kirwan (2023)
Bernabei et al. (2023)
Belda-Medina and
Kokoskova (2023)
Han et al. (2023)

Qureshi (2023)

Wang et al. (2023)
Lu et al. (2024)
Silitonga et al. (2023)
Elkhodr et al. (2023)
Belda-Medina and
Kokoskova (2023)
Khang et al. (2023)
Guo et al. (2023)
Han et al. (2023)

Elkhodr et al. (2023);
Zhao et al. (2023)
Pitso (2023)

Guo et al. (2023)

Lu et al. (2024)
Kuramitsu et al. (2023)
Uddin et al. (2023)

Zhao et al. (2023)
Kirwan (2023)
Murillo-Ligorred et al.
(2023)

Zhao et al. (2023)
Pitso (2023)

Speth et al. (2023)
Zhao et al. (2023)
Murillo-Ligorred et al.
(2023)

French et al. (2023)

Belda-Medina and
Kokoskova (2023)
Uddin et al. (2023)

French et al. (2023)
Pitso (2023)




that wouldn't be possible without Al

4.5 Technological Pedagogical Content Knowledge (TPACK) framework analysis (RQ3)
and recommendations to academics (RQ4)

In our final approach to address RQ3 and to answer RQ4, we utilised the TPACK
(Technological Pedagogical Content Knowledge) framework, a model that describes the
knowledge and skills needed by teachers to effectively integrate technology into their
teaching practices (Niess, 2002). The TPACK framework can provide a scaffold for
considering what teachers need to know to use any technology effectively (Mishra et al.,
2023).

In the TPACK framework, there are four principal areas of knowledge related to technology:
Technological Knowledge (TK) as well as in the overlapping spaces that constitute
Technological Content Knowledge (TCK), Technological Pedagogical Knowledge (TPK),
and Technological Pedagogical Content Knowledge (TPACK). Additionally, a recent and
significant shift in the research on TPACK has been an emphasis on understanding
Contextual Knowledge (XK)—a recognition of the fact that context matters and impacts what
educators can and cannot do (Mishra, 2019).

To provide the description of the TPACK knowledge domains in the context of GenAl
integration, we synthesized definitions from the Celik (2023) empirical study on the ethical
integration of artificial intelligence (Al) and Mishra et al. (2023) research exploring TPACK
in the age of ChatGPT and GenAl. The descriptions of GenAI-TPACK factors are as follows:

¢ GenAI-TK: Focuses on understanding and proficiency with GenAl tools themselves.
It involves knowing how to interact with these tools, execute tasks, and utilize them
effectively in specific subject area or classroom.

¢ GenAl-TPK: Addresses the integration of GenAl tools in teaching practices. It
includes understanding how these tools can enhance teaching methods, such as
providing adaptive and personalised feedback, real-time assessments, and monitoring
student learning. Teachers should know how to leverage GenAl to support diverse
teaching strategies and scaffold students' learning experiences.

¢ GenAI-TCK: Combines knowledge of GenAl tools with subject-specific content. It
encompasses the ability to use GenAl to search for, curate, and create educational
material relevant to the teacher's field. Teachers should be familiar with best practices
for using GenAl to enhance their understanding and explanation of subject content
and know how to integrate these tools into their teaching.

e GenAI-TPACK: Represents the comprehensive understanding of how to effectively
combine GenAl tools with pedagogical strategies and subject content. It involves
creating lessons that integrate GenAl tools to enhance student engagement and
learning outcomes.




e GenAI-XK: Focuses on the broader context within which GenAl tools are used,
including policies, ethical considerations, and practical constraints. This domain also
involves assessing the fairness and inclusivity of GenAl tools and advocating for their
responsible use in education.

From selected publications, the examples of GenAI-TK include delivering introductory
classes demonstrating how to operate ChatGPT (Kirwan, 2023) or studying the advantages
and limitations of ChatGPT (Exintaris et al., 2023; Wang & Feng, 2024). For GenAI-TPK,
the studies emphasise enhancing teaching practices, like providing personalised feedback on
student work (Belda-Medina & Kokoskova, 2023; Elkhodr et al., 2023; Guo et al., 2023; Han
et al., 2023; Khang et al., 2023; Lu et al., 2024; Silitonga et al., 2023; Wang et al., 2023;
Widiati et al., 2023), supporting flipped-learning classrooms (Wang & Feng, 2024), or
assisting with writing tasks by offering structural suggestions and improvements, thereby
augmenting traditional teaching methods and enabling more dynamic and interactive learning
experiences (Belda-Medina & Kokoskova, 2023; Bernabei et al., 2023; Han et al., 2023;
Kirwan, 2023; Widiati et al., 2023).

In the context of GenAI-TCK, the majority of selected studies implemented GenAl with
subject-specific content, as this is the main scope of the systematic literature review. The
examples range across disciplines, including ChatGPT integration into a construction hazard
recognition curriculum (Uddin et al., 2023), using GenAl to assist in learning English (Khang
et al., 2023; Widiati et al., 2023), or applying GenAl in programming studies (Speth et al.,
2023).

The examples of how teachers integrate pedagogical strategies, content knowledge, and
technology to create transformative learning experiences (GenAI-TPACK) include the
integration of ChatGPT into a course, where the instructor used the tool to facilitate student
learning and develop course materials, demonstrating the comprehensive application of
TPACK (Zhao et al., 2023), or when students used ChatGPT to complete assignments and
resolve social problems (Pitso, 2023).

Finally, for GenAI-XK, we provide examples where studies emphasise the importance of
understanding broader personal, cultural, political, and ethical implications of GenAl. For
instance, one study investigates the moral and legal aspects of GenAl-generated deepfakes
(Murillo-Ligorred et al., 2023), and another explores the level of trust towards GenAl, the
social influence that content generates on students, and whether students judge ChatGPT
fairly and with moral standards (Bernabei et al., 2023).

Summarising the TPACK analysis and to answer RQ4, we developed the GenAI-TPACK
diagram (Figure 4) to assist academics in GenAl implementation in teaching practices. The
diagram is based on the canonical TPACK diagram (Mishra, 2019) and expanded with the
key teacher skills and knowledge recommended for GenAl implementation in the different
TPACK technical domains. The lists of recommended knowledge is adapted from the
Intelligent-TPACK scale developed by Celik (2023) and amended to address the
characteristics of GenAl. Each overlapping domain in the diagram—such as GenAI-TPK,
GenAI-TCK, and GenAI-TPACK—is further explained in the accompanying text to clarify



how GenAl tools contribute to specific pedagogical, content, and technological teaching
practices. This model provides a comprehensive framework for educators, outlining the
necessary technological, pedagogical, and content knowledge, as well as contextual
understanding, required to effectively integrate GenAl tools into educational settings. By
following this model, educators can enhance their teaching strategies, personalise learning
experiences, and ensure ethical and effective use of GenAl technologies in the classroom.

This study does not expand on the TPACK areas of Content Knowledge (CK), Pedagogical
Knowledge (PK), and their overlap in Pedagogical Content Knowledge (PCK), as these are
beyond the scope of this study and therefore are not detailed with required teacher skills.

GenAl Technological Pedagogical Content Knowledge

* In my teaching area, I know how to use GenAl tools for adaptive and
personalised feedback.

* In my teaching area, I know how to use GenAl tools for personalized learning.

* [ can teach a subject using GenAl tools with diverse teaching strategies.

® I can create lessons that effectively combine my teaching content, GenAl tools,
and teaching strategies.

GenAl Technological Knowledge GenAl Technological Content

» | know how to interact with GenAl Knowledge

tools in daily life, such as creating text,
images, or other content.

I know how to complete and initiate
tasks using GenAl tools, including
generating creative outputs like stories,

GenAT
technological
knowledge (TK)

Z

o [ can use GenAl tools to better
understand the contents of my teaching

discipline.
I can use GenAl tools to search and

generate educational materials directly

artwork, or code lhmugh text or speech GenAl- K S
. TPACK relevant to my teaching discipline.
prompts. b~ " (el e [ can identify and select the most
o | have sufficient knowledge to knowledge knowledge (CK) o J .
effectively utilize GenAl tools for (PK) effective GenAl tools specifically
various c;ca five and practical suited for addressing key concepts and

L challenges within my discipline.
applications. 2 Ly P

¢ | am tamiliar with the capabilities and
limitations of GenAl tools.

I know how to utilize GenAl tools to
enhance subject content
representation, making it more

GenAl
ConteXtual
Knowledge

accessible and engaging for students.

GenAl Technological Pedagogical Knowledge GenAl ConteXtual Knowledge

¢ [ understand how GenAl tools interact with pedagogical .. . .
. L . . . o [ understand the policies and regulations regarding the use
practices, transforming traditional teaching and learning

of GenAl tools in my mstitution.
methods. y

o T know how to align implementation of GenAl tools with

» [ am aware of the constraints imposed by GenAlI tools ’ . . .
my school's curriculum and university standards.

and can strategically navigate these to optimize teaching . X . .
¢ [ am knowledgeable about the ethical considerations for

and learning. N . X :
using GenAl tools in education.

e T can employ GenAl tools to create more interactive and
engaging learning activities.

¢ [ am able to enhance my teaching strategies with the
assistance of GenAl tools.

Figure 4. GenAI-TPACK diagram with the key teacher skills and knowledge recommended
for GenAl implementation.



The developed GenAI-TPACK framework offers a structured approach for educators to
integrate generative Al tools into their teaching practices effectively and ethically. It divides
the required knowledge into distinct domains - each addressing specific aspects of GenAl
integration. Educators start by developing foundational technological skills, such as
understanding how to interact with GenAl tools and creating content like text or images.
These basic capabilities allow educators to explore GenAl’s potential in routine tasks, such as
automating feedback or generating lesson materials, while building their confidence. As
educators progress, they can leverage TPK to incorporate GenAl into teaching strategies,
such as creating interactive activities or providing personalized learning experiences, which
transform traditional approaches and enhance student engagement. TCK, on the other hand,
focuses on applying GenAl within specific subject areas, enabling educators to generate
discipline-relevant content, address unique challenges, and enrich their instructional methods.

At the heart of the framework is Technological Pedagogical Content Knowledge, which
represents the integration of all domains. Educators operating at this level design lessons that
seamlessly combine technology, pedagogy, and content to maximize learning outcomes. The
inclusion of Contextual Knowledge (XK) further strengthens the framework by addressing
the broader environment in which GenAl is used. Educators are guided to consider ethical
issues, institutional policies, and regulatory requirements, ensuring that their use of GenAl is
both responsible and aligned with institutional goals.

4.5 Reported limitations and future research opportunities to address RQ5

The fifth and final research question was to determine the necessary methodological
improvements and future research directions needed to better understand the impacts of
GenAl in higher education. This is important for gaining a deeper and more accurate
understanding of the impacts of GenAl in higher education, thereby enhancing its
effectiveness and integration. The key reported limitations include small sample sizes and the
inconsistency in students’ ability with prompt engineering. In addition, several studies have
identified inherent technological limitations within GenAl systems used in educational
research, including inconsistent responses, general unreliability, and outright errors in the Al's
output (Elkhodr et al., 2023; Kong et al., 2023; Qureshi, 2023; Wang & Feng, 2024).

Numerous reports highlight scope limitations in research, particularly citing small sample
sizes (Elkhodr et al., 2023; Lu et al., 2024; Murillo-Ligorred et al., 2023; Silitonga et al.,
2023; Widiati et al., 2023; Zhao et al., 2023) and narrow subject focus (Kuramitsu et al.,
2023; Uddin et al., 2023). Additionally, the short duration of many studies further impedes a
comprehensive understanding of the long-term implications of GenAl technologies on higher
education and student learning.

Wang et al. (2023) reported a limitation in assuming that students are already adept at using
GenAl technologies such as prompt engineering. This could affect research results, as not all
students may be at the same level of proficiency. Further compounding this issue is a lack of
control over other significant variables like motivation levels and prior knowledge (Elkhodr
et al., 2023), which can greatly influence the outcome of educational interventions.



The generalizability and precision of research findings are noted in two studies (Belda-
Medina & Kokoskova, 2023; Pitso, 2023) to be limited by the specific conditions under
which research is conducted, which may not accurately represent broader educational
environments. This is certainly a limitation of all the papers, even if not explicitly
acknowledged.

To overcome the limitations of narrow scopes and small sample sizes, future research should
aim to involve larger and more diverse groups of participants as well as an evaluation based
on students’ proficiency. Extending studies across various educational areas (Belda-Medina &
Kokoskova, 2023; Kuramitsu et al., 2023; Zhao et al., 2023) could help validate the
effectiveness of GenAl tools in a range of contexts. There is also a significant opportunity to
investigate newer and broader versions of GenAl (Belda-Medina & Kokoskova, 2023; Guo et
al., 2023; Kuramitsu et al., 2023), which could help uncover additional capabilities of GenAl
that may be beneficial in educational settings. This will remain an ongoing challenge while
the powers of GenAl are evolving so rapidly and dynamically diversifying and strengthening.

Understanding the long-term impacts of GenAl on student learning is crucial (Belda-Medina
& Kokoskova, 2023; Widiati et al., 2023). Longitudinal studies could provide insights into
how sustained use of GenAl affects learning outcomes, student engagement, and educational
equity. The responsible use of GenAl in unsupervised settings (Elkhodr et al., 2023) and the
ethical implications of GenAl in education (French et al., 2023; Kong et al., 2023) are
highlighted as critical areas for future investigation.

Research focusing on the quantification of time savings for academics when employing
GenAl in teaching could demonstrate some practical benefits (Speth et al., 2023). Likewise,
exploring the automation of routine teaching practices, such as grading (Han et al., 2023),
could offer insights into how GenAl can streamline educational processes and free up
educator time for additional student-focused activities.

Specifically in terms of our study, the main limitation is due to the dynamic nature of the field
of GenAl, this systematic literature review captures papers published from January 2023 to
February 2024, potentially overlooking more recent developments. Additionally, it includes
only papers written in English, which may exclude relevant research published in other
languages. Future work should include a revised study based on the stated limitations which
would gain further insights on the dynamic nature of GenAl through comparison studies
between timeframes.

Conclusions

This systematic review examines the actual impacts, challenges, and opportunities of
integrating GenAl into higher education. By analysing selected papers through the lenses of
the LCF, SAMR, and TPACK frameworks, this study demonstrates how these analytical tools
enhance various learning environments. Our investigation, driven by five research questions,
uncovered a variety of GenAl applications, strategies for implementation, and outcomes.
These findings reveal GenAlI’s potential to elevate educational pedagogy, boost student
motivation, and enrich the overall learning experience.



The findings from RQ1 highlight the diversity of GenAl applications across regions,
participant demographics, and disciplines. However, gaps remain, particularly in
underexplored fields such as the social sciences and interdisciplinary studies, as well as in
geographic areas with limited representation. For educators, this emphasizes the opportunity
to extend GenAl research and implementation into underrepresented areas while leveraging
existing insights from more well-studied contexts.

The study designs and methods reviewed in RQ2 reveal the value of mixed-method
approaches in capturing both quantitative and qualitative outcomes of GenAl integration.
Educators can use these methods to evaluate the impacts of GenAl tools on student learning,
engagement, and performance in their own teaching contexts.

Through RQ3, the use of conceptual frameworks such as LCF, SAMR, and TPACK provides
structured guidance for educators seeking to align GenAl integration with pedagogical
theories. These frameworks allow educators to start with basic uses, such as grammar checks,
and progress toward transformative applications like collaborative simulations or
interdisciplinary problem-solving. By adopting these frameworks, educators can strategically
implement GenAl in ways that enhance teaching practices and improve learning outcomes.

Addressing RQ4, GenAI-TPACK framework was developed, which offers specific
recommendations for the knowledge and skills required at different levels of GenAl
integration. The framework emphasizes foundational skills, such as understanding GenAl
tools and their capabilities, progressing toward more advanced knowledge of integrating
these tools into pedagogy and subject-specific content. By following the framework,
educators can develop expertise in areas such as adaptive learning design, ethical
considerations, and personalized student feedback, ensuring a phased and effective
implementation of GenAl in higher education.

Finally, RQS5 highlights the critical need for future research to address current limitations,
such as narrow scopes, small sample sizes, and short study durations. Longitudinal studies are
particularly important to understand the sustained impacts of GenAl on student learning,
engagement, and equity. Moreover, research exploring the time-saving benefits of GenAl for
educators and its potential to automate routine tasks, such as grading, could provide practical
evidence for its value. Addressing ethical concerns, such as the reliability of GenAl in
unsupervised settings, remains a key priority as these tools become more widely adopted.

Despite encountering issues such as bias and reliability, this research argues that critical
thinking and structured pedagogical approaches can harness GenAl to tailor and enhance
each student’s learning journey. By aligning GenAl integration with pedagogical frameworks
and addressing gaps in research, this study provides valuable insights for educators,
academics, and policymakers. This review contributes to bridging gaps in current knowledge
and lays the groundwork for leveraging GenAl’s transformative potential in higher education.
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Appendix

Table A. Characteristics of Included Studies Classified by Educational Level (n=21)

N° Reference Disciplin ~ GenAlused Countr Ne of Aim(s)
es y participa
nts
First-year students
1 Exintaris et Science ChatGPT 3.5 Austral 213 To develop problem-solving skills and critical
al. (2023) (chemistr ia thinking by using ChatGPT-generated responses as
y) prompts for critiques in a problem-solving workshop
2 Kirwan Humaniti  ChatGPT 3.5 Ireland Not To provide understanding of how GenAl technologies
(2023) es and reported  functions, their strengths and weaknesses, and to
social provide insights on how to best encourage students to
sciences think critically about their own potential use of
GenAl
3  Wang, Informati  ChatGPT 3.5 China 26 To evaluate the impact of prompt engineering on
Wang, etal. on college students' information retrieval skills using
(2024) Technolo ChatGPT.
gy
4 Khangetal. English My virtual Indones 36 To determine how Al chatbots can help to learn
(2023) Dream ia English as a foreign language.
Friend and
John English
Bot
Second and Third-Year Students
5  Wang and English ChatGPT China 83 To investigate the effectiveness of ChatGPT in
Feng (2024) assisting with reading comprehension, analysis of

narrative structure and language style, word
explanation, and translation of sentences and
paragraphs.




N° Reference Disciplin ~ GenAlused Countr Ne of Aim(s)
es y participa
nts

6 Kuramitsuet Computer ChatGPT 3.5 Japan 127 To evaluate the impact of providing Al-based

al. (2023) science assistance to students for addressing unresolved
errors, clarifying unknown terms, and explaining or
modifying code, as an alternative to traditional
support from teaching staff.

7 Belda- Teacher Chatbots: Spain, 237 To compare various linguistic and technological
Medina and ~ Education Mondly, Czech aspects of four App-Integrated Chatbots (AICs) and
Kokoskova  (English  Andy, John Republi to investigate the perceptions of English as a Foreign
(2023) asa Bot and c Language teacher candidates regarding these

foreign Buddy.ai chatbots.
language)

8 Uddinetal. Civil, ChatGPT USA 42 To explore if ChatGPT can aid hazard recognition
(2023) Construct when integrated into the curriculum of students

ion and pursuing a career in the construction industry.
Environm
ental
Engineeri
ng
Postgraduate students

9 Murillo- Education Technology  Spain 100 To assess university students' (training to be teachers)
Ligorred et (Arts) generating ability to recognise deepfakes and their level of
al. (2023) ‘deepfake knowledge about this technology.

images’
10 Bernabeiet  Mechanic ChatGPT 3.5 Italy 31 To examine the effectiveness of using ChatGPT as a
al. (2023) al and learning tool among engineering students.
managem Specifically, it involves students using ChatGPT to
ent generate essays, assessing the detectability of these
engineeri essays as Al-generated, and exploring student
ng perceptions of large language models (LLMs) in the
learning process.
Mixed undergraduate and postgraduate
11 Elkhodr et Informati  ChatGPT 3.5 Austral 52 To explore the outcomes of using GenAl as an
al. (2023) on and ia assistive tool in tutorials.
Communi
cation
Technolo
gies
Unspecified undergraduate students
12 Luetal. Chinese ChatGPT 3.5 China 46 To compare teacher and ChatGPT feedback on
(2024) writing student writing, examining the nature of the
feedback, student perceptions of it, and how students
use this feedback to revise their work.
13 Speth et al. Computer ChatGPT3.5 Germa 9 To evaluate the effectiveness of using GenAl
(2023) program ny teaching materials in coding education.
ming
14 Frenchetal. Computin ChatGPT3.5 UK Not To describe and evaluate students’ experiences using
(2023) g and or Dall-E-2 reported Al tools.
Software
Engineeri

ng




N° Reference Disciplin ~ GenAlused Countr Ne of Aim(s)
es y participa
nts
15 Pitso (2023)  Chemical ChatGPT 3.5 South 15 To qualitatively examine the use of ChatGPT in
Engineeri Africa students' assignments and problem-solving processes,
ng, focusing on the emerging learning dynamics and
Accounti benefits associated with its integration into learning.
ng and
Logistics
16  Qureshi Computer ChatGPT 3.5 Saudi 24 To investigate the effectiveness of ChatGPT in
(2023) science Arabia improving students' learning outcomes in the initial
programming courses of a Computing degree.
17 Guoetal. English Argumate China 44 To examine the impact of chatbots on students'
(2023) chatbot argumentation skills and motivation.
18 Han et al. English RECIPE that  South 231 To introduce and evaluate a novel learning platform
(2023) uses Korea called RECIPE (Revising an Essay with ChatGPT on
ChatGPT an Interactive Platform for English as a Foreign
Language learners).
Unspecified students
19 Zhao et al. Biomedic ChatGPT 3.5 United 6 To explore the potential and limitations of Al in the
(2023) al and States classroom; to investigate students’ perceptions of and
informati  available Al experiences with the application of ChatGPT in
cs tools teaching and learning.
20 Silitongaet  English ChatGPT 3.5 Indones 109 To investigate the impact of Al chatbots on students'
al. (2023) ia motivation to learn English.
Academics
21 Widiatietal. English Jenni Al Indones 4 To investigate the types of Al writing tools used by
(2023) Quillbot ia English as a Foreign Language (EFL) teachers to
WordTune enhance student writing quality, specifically in
ChatGPT content and organization, and to explore teachers'
Copy.ai perceptions of the impact of these tools on students'
Paperpal writing.
Essay Writer
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Highlights
® Synthesizes empirical studies of Generative Al implementation in Higher Education.

e Highlights the existence of research shortages in GenAl applications and innovative uses of Al tools
in education.

e Covers a broad spectrum of disciplines, participant demographics, geographical locations, and
methodologies in selected case studies.

e Classifies publications based on Laurillard’s Conversational Framework (LCF) and the Substitution,
Augmentation, Modification, and Redefinition (SAMR) framework.

e Offers a GenAI-TPACK diagram as a practical tool for educators to effectively incorporate GenAl
into their practices.
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