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Generative Al use and
self-learning in higher education:
the role of learning difficulties
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The rapid development of GenAl tools and their adoption in education have
shown promising potential to personalize learning experiences. However, their
effectiveness is influenced by factors such as familiarity, frequency of use, and
the impact on self-learning. This study investigates the undergraduate students’
familiarity with Generative Al (GenAl) tools, their frequency of use, and the
perceived impact of GenAl on self-learning, with particular consideration of
differences between students with and without learning difficulties. Prompt
engineering is also included as a secondary aspect of students’ GenAl experience.
The research employed a quantitative survey design, utilizing validated scales to
measure familiarity, usage experience, and perceived learning impact. Reliability
and validity of the measurement model were established using Confirmatory
Composite Analysis in SmartPLS. The study involved undergraduate students
(N = 78) enrolled in GenEd courses, aged 17-21 (M = 18.5, SD = 0.86).
Descriptive results showed that students reported low to moderate familiarity
with GenAl tools, but they frequently engaged with them for academic
purposes. Despite limited formal training, most participants rated the impact of
GenAl on their self-learning positively, particularly in terms of communication
skills, time efficiency, and confidence. A smaller portion of students indicated
negative impacts, reflecting concerns about over-reliance and reduced critical
engagement. Structural modeling further demonstrated significant positive
relationships between GenAl familiarity, frequency of use, and perceived impact.
These findings highlight a pattern of utility-driven adoption, in which students
benefit from GenAl despite having a limited foundational understanding. The
study highlights the importance of institutions strengthening Al literacy, providing
structured pedagogical guidance, and integrating GenAl responsibly to support
meaningful and ethical learning practices.

KEYWORDS
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Introduction

The rapid advancement of Artificial Intelligence (AI) is reshaping educational
practices, offering new possibilities for enhancing learning in higher education (Chen
et al., 2023). As universities adapt to the evolving needs of a diverse and globally
connected student population, Al-powered tools present a promising solution to some
of the persistent challenges in traditional teaching methods (Popenici and Kerr, 2017).
The ability to craft structured prompts, also known as prompt engineering, enables users
to guide AI responses, ensuring tailored content and personalized feedback (Chen et al.,
2023). This approach is particularly valuable in General Education (GenEd) courses, where
students from diverse disciplines and backgrounds engage with a broad range of subjects.
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Although prompt engineering is acknowledged as one way students
may interact with GenAl tools, the primary focus of this study is on
students’ overall experience with GenAl, including their familiarity,
frequency of use, and perceived impact on self-learning. In this
context, prompt engineering is treated as an optional component
of GenAl use rather than a central instructional intervention.
Instructors can craft effective prompts to help students navigate
complex topics, refine their analytical skills, and develop self-
directed learning habits. Unlike previous studies that emphasize
only the adoption or frequency of GenAl tool use, this research
advances the discussion by examining how GenAl can support
metacognition and inclusivity, especially for students with learning
difficulties, making AI-generated content more accessible, relevant,
and engaging (Afshar et al, 2024). The UAE context further
adds originality, as GenEd courses draw together linguistically
and culturally diverse students. Investigating how students with
learning difficulties engage differently with GenAl, provides
insights rarely captured in international literature.

One of the key strengths of Al-powered tools in GenEd
courses is their ability to scale and adapt to students” individual
needs. For example, AI-based writing assistants can provide instant
feedback on assignments, helping students improve their academic
writing and critical thinking skills (Tu et al., 2024; Vatsal and
Dubey, 2024). Additionally, Al-generated interactive summaries
and tailored explanations can enhance content comprehension,
especially for students who may struggle with traditional learning
formats (ElSayary, 2023, 2024). Beyond personalized learning,
GenAl fosters both cognitive and metacognitive development,
encouraging deeper engagement and reflective learning experiences
(Afshar et al., 2024). Students from diverse linguistic and cultural
backgrounds, who may face academic challenges or language
barriers, particularly benefit from AI-driven adjustments in content
presentation (Mello et al., 2023; Wang et al., 2023). The exploration
of learning difficulties in the context of GenAl and prompt
engineering adds a critical layer of understanding to how different
groups of students can benefit from these tools (Hamdan, 2024).

However, while GenAl presents exciting opportunities, it
also raises challenges, particularly in ensuring that Al-generated
content is culturally sensitive and language-inclusive and used
ethically and effectively. The UAE’s higher education system
is characterized by a diverse student population, with learners
from various linguistic and cultural backgrounds, which presents
both opportunities and challenges in ensuring equitable learning
experiences. Furthermore, a common misuse of AI tools occurs
when students rely on the system to provide direct answers
rather than using it as an aid for deeper learning (Chen et al,
2023). Instead of utilizing AI to assist with problem-solving
and enhancing their understanding, students often treat the AI-
generated output as the final product, bypassing critical thinking
and engagement with the material. This misuse is often linked
to a limited understanding of how to interact effectively with
GenAl. As discussed in the literature (Afshar et al., 2024; Chen
et al.,, 2023; Hidayat et al.,, 2022), students can struggle to craft
meaningful prompts because they do not fully understand how
to interact with GenAl, resulting in suboptimal use of Al-driven
tools. This issue is especially prevalent in students who experience
learning difficulties, as they often require more personalized
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and adaptive learning experiences. Without a grasp of how Al
functions and how to use it effectively as an assistive tool, students
may experience limited engagement and a missed opportunity
for deeper learning. Another critical consideration is the ethical
implications of integrating GenAl into education (Wang et al,
2023). Institutions must establish guidelines to protect student
data and ensure transparency in how Al systems are used (Wang
et al,, 2023). To fully realize the potential of GenAlI in GenEd
courses, higher education institutions in the UAE must develop
a comprehensive strategy that includes faculty training, student
engagement, consideration of students’ learning difficulties, and the
implementation of robust ethical safeguards.

Although a growing body of literature explores the general
use of GenAl in higher education (Almassaad et al., 2024; Chang
et al,, 2023), a notable gap exists in understanding how these tools
are adopted and perceived by students with learning difficulties
compared to their peers. Much of the current research either treats
the student population as a monolith or focuses on the potential
of Al as an assistive technology without empirically investigating
its actual use and impact across different student groups. This
study contributes to the field by directly addressing this gap. It
provides a comparative analysis of GenAl familiarity, frequency of
use, and perceived impact on self-learning between students with
and without learning difficulties in the diverse higher education
context of the UAE. By doing so, this research offers crucial
insights for educators, policymakers, and instructional designers on
how to foster more equitable and effective Al-integrated learning
environments that cater to the needs of all students. These gaps in
skills and understanding represent significant barriers to realizing
the full potential of GenAl in higher education. Therefore, this
study aims to investigate undergraduate students’ familiarity with
GenAl tools, their frequency of use, and the perceived impact of
GenAl on self-learning, with particular consideration of differences
between students with and without learning difficulties. Prompt
engineering is included as a secondary aspect of students’ GenAl
experience rather than as a core feature of the instructional design.
Accordingly, the following question was formulated to guide
this study: How does learning difficulty impact undergraduate
students’ familiarity with GenAlI tools, frequency of use, and impact
on self-learning?

1. How familiar are undergraduate students with Generative Al
tools, and how frequently do they use them for self-learning?

2. How do students perceive the impact of Generative Al on
their self-learning?

3. Are there significant differences in GenAl familiarity, frequency
of use, or perceived self-learning impact between students with
and without learning difficulties?

4. Does learning difficulty moderate the relationship between
FE/FUE and perceived impact?

Context of the study
The United Arab Emirates (UAE), with its commitment to

technological innovation and transformative education, serves
as an intriguing case study for exploring the potential of AI
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(UAE Ministry of State for Artificial Intelligence, 2022) in
General Education (GenEd) courses. These courses, which form
the foundation of higher education and cover a wide range of
disciplines, stand to benefit from the personalized support and
instant feedback provided by Al-driven tools. In the GenEd
courses, students engage in a flipped classroom approach where
they prepare for class independently. After their self-preparation,
students use Al tools to assess their understanding of statistical
concepts, clarify misconceptions, and practice problem-solving.

The use of Al provides personalized feedback, helping students
solidify their grasp of key ideas before coming to class for
deeper discussions and collaborative activities. This approach
aims to enhance self-directed learning and critical thinking while
utilizing Al to support students’ mastery of statistics. This research
project aims to understand how learning difficulty affects students’
familiarity with GenAlI tools, including creating effective prompts,
frequency of use, and its impact on self-learning. In face-to-face
lab sessions, an innovative method was introduced where students
learn the art of ‘prompt engineering.’” This technique involves
crafting prompts that effectively guide students in exploring and
understanding new concepts, thereby preparing them for their
upcoming online classes.

The key objective is to encourage students to engage in self-
study, especially for complex problems and ideas. This, in turn, is
expected to positively impact their participation and performance
in online sessions, as well as in course assignments and projects.

The UAE’s focus on becoming a leader in education technology
aligns with the potential uses of prompt engineering in improving
learning outcomes across these core courses. This focus is in
direct alignment with the UAE National Agenda, particularly its
goals related to Education and Innovation (United Arab Emirates
Cabinet, 2023a). The UAE seeks to create a world-class education
system by fostering advanced digital learning environments
(United Arab Emirates Cabinet, 2023b) and incorporating Al into
educational practices. Furthermore, the research is in line with
the Sustainable Development Goal (4), Quality Education, Part
of the 2030 Agenda for Sustainable Development. This goal aims
to ensure inclusive and equitable quality education and promote
lifelong learning opportunities for all (UAE National Committee on
SDGs, 2017).

Literature

Conceptual framework

To address the complex interactions between students and
generative Al this study is grounded in a conceptual framework
that integrates Al literacy, prompt engineering, and self-learning.
This section defines these core concepts and clarifies their
operationalization within the research. AI literacy is broadly
understood as the set of competencies that enable individuals
to effectively and critically understand, use, and evaluate Al
technologies (Ng et al, 2021). Rather than a monolithic skill,
it encompasses a range of abilities. Ng et al. (2021) proposed
a comprehensive framework for AI literacy that includes four
key dimensions: (1) knowing and understanding AI concepts
and technologies; (2) using and applying Al tools in various
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contexts; (3) evaluating Al systems and creating with them; and (4)
understanding and navigating the ethical issues surrounding Al In
this study, Al literacy is operationalized primarily through the first
two dimensions, measured by students’ self-reported familiarity
with GenAlI tools and their frequency of use for academic tasks.
This approach allows for an assessment of students’ foundational
engagement with Al in their educational environment. Within the
broader scope of Al use, prompt engineering has emerged as a
critical skill for effectively interacting with generative AI models.
It can be defined as the “steering mechanism by which users of
GenAl craft their prompts to generate more desirable outcomes” (Lee
and Palmer, 2025, p. 7). This process is not merely about asking
a question but involves strategically designing and refining inputs
to guide the GenAl toward producing outputs that are accurate,
relevant, and applicable to the user’s specific needs. Although
prompt engineering is a teachable skill with significant potential
to enhance learning, its integration into student practice is still in
its early stages of development. Therefore, in this study, prompt
engineering is operationalized as a secondary component of GenAI
use. It is not treated as a systematically manipulated variable but is
instead measured through specific survey items that gauge students’
awareness and basic application of crafting prompts. The ultimate
goal of integrating educational technologies like GenAl is to
enhance students’ capacity for self-learning. The concept is closely
aligned with self-directed learning (SDL), which “entails individuals
taking initiative and responsibility for their own learning” (Loeng,
2020, p. 2). In an SDL model, learners are empowered to set their
own goals, identify resources, and evaluate their progress, which
fosters greater autonomy and lifelong learning habits (Charokar
and Dulloo, 2022). In the context of this research, self-learning is
operationalized as students’ perceived impact of GenAl on their
learning processes. This is measured through survey questions that
ask about improvements in communication skills, time efficiency,
and academic performance resulting from the use of GenAl.

GenAl to support self-regulated learning

The integration of GenAl tools in higher education offers
significant opportunities to support Self-Regulated Learning
(SRL), a framework where learners autonomously manage their
educational paths (Lee et al, 2024). SRL involves cycles of
forethought (setting goals), performance (applying strategies), and
self-reflection (evaluating outcomes), and GenAlI can play a role in
each phase. Effective interaction with GenAl fosters deeper student
engagement by encouraging them to actively participate in the
learning process, think critically, and apply their knowledge to
various scenarios (Tu et al., 2024). The impact of Al tools on self-
learning is a critical area of focus, with studies showing positive
outcomes in areas such as communication skills enhancement,
time efficiency, and academic performance. Students reported
improvements in communication skills and greater efficiency in
concept clarification when using GenAl for learning purposes
(Tu et al, 2024). This aligns with the broader literature that
highlights the effectiveness of Al-driven tools in facilitating
interactive learning experiences where students receive real-time,
personalized feedback (Ayouni et al, 2021). Furthermore, the
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ability to interact effectively with GenAl enhances self-directed
learning by fostering autonomy, motivation, and competence
(Gervacio, 2024), which can lead to increased academic success
as students become more prepared and engaged in their learning
process (Mollick and Mollick, 2023). Another study in Saudi
Arabia found that students who frequently use GenAlI tools report
improved academic performance, with a weak to moderate positive
correlation between Al tool usage and improved grades (Wiredu
et al., 2024). A study highlighted that students who use GenAl
tools for tasks such as defining concepts, generating ideas, and
summarizing academic literature tend to develop better self-
directed learning skills (Almassaad et al.,, 2024). However, while
the results indicate positive academic impacts, some students noted
negative effects on their academic performance, suggesting that the
effectiveness of GenAlI tools can vary depending on how students
use them (Afshar et al., 2024). Another study in Ghana found
that while 72% of students reported an improved understanding
of course material through the use of GenAl, 75% cited academic
integrity as a primary concern (Wiredu et al., 2024). Additionally,
overreliance on GenAl tools can impede critical thinking and
problem-solving skills, as noted in a study conducted in Saudi
Arabia (Alnaim, 2024). This discrepancy highlights the importance
of providing students with sufficient training and support in
utilizing these tools, as improper use can result in suboptimal
outcomes. This highlights the importance of scaffolding GenAI use
within a structured learning process to ensure it supports, rather
than replaces, students’ cognitive engagement.

Factors influencing GenAl adoption:
familiarity and frequency of use

The effective use of GenAlI for self-learning is contingent on
students’ familiarity with these tools and their frequency of use.
Familiarity with Al tools such as GenAl and prompt engineering
is crucial for their effective use in education. Research indicates
that while many students are aware of GenAlI tools, their comfort
and confidence in using these tools vary. For instance, a study
conducted in Saudi Arabia found that 78.7% of students frequently
use GenAl tools, with ChatGPT being the most widely used
(Almassaad et al., 2024). On the other side, the results of a study
by Mello et al. (2023) highlight that familiarity with these tools
is low, with many students having little or no experience with
GenAl This lack of familiarity can be a significant barrier to the
adoption of GenAlI in higher education (Afshar et al., 2024; Lee
et al.,, 2024). As indicated in the literature, effective interaction
with GenAlI is not only about designing effective prompts but also
about understanding how Al systems process information and how
users can manipulate prompts to get meaningful outputs (Vatsal
and Dubey, 2024). Indeed, the quality of user interaction has been
shown to directly impact the depth and accuracy of Al-generated
responses (Rodriguez-Donaire, 2024), reinforcing the need for
more than just surface-level familiarity. Learning difficulties have
a role in shaping familiarity and students’ perceptions of GenAl
tools. For example, students who struggle with traditional learning
methods may find GenAl tools more accessible and engaging,
leading to higher familiarity and comfort. Conversely, students who
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prefer structured, human-led instruction may feel less comfortable
with the autonomous nature of GenAlI tools (Hamdan, 2024; Neji
et al,, 2023). This dichotomy highlights the complex relationship
between learning difficulties and familiarity with GenAlI tools.

The frequency of GenAI tool usage among undergraduate
students is also influenced by various factors, including learning
difficulties. The results of a study by Chang et al. (2023) show
varying usage patterns among participants, with some using GenAI
frequently while others use it less often, which can directly impact
their learning outcomes. AI tools, when used frequently and
effectively, have been shown to enhance students’ understanding
of complex concepts and support self-regulated learning (Afshar
et al,, 2024). Students who face challenges in traditional learning
environments often turn to GenAl tools as a supplementary
resource. For instance, a study in the Philippines found that
students primarily use GenAlI tools for homework, idea generation,
and research, with 72% reporting an improved understanding
of course material (Miranda et al., 2024; Wiredu et al., 2024).
However, the same study noted that socioeconomic factors, such as
financial constraints and limited access to paid Al tools can hinder
frequent use, particularly among students from lower-income
backgrounds. Additionally, students’ self-perceived experience with
GenAl is also a contributing factor to their frequency of use.
Those who have higher self-perceived experience are more likely
to use GenAl for educational purposes, while students with limited
experience or challenges using the tool tend to underutilize its
capabilities (Heston, 2023).

Learning difficulty and Al integration in
education

A central aspect of this study is understanding how students
with learning difficulties engage with GenAl, as they represent
a group that could uniquely benefit from adaptive technologies.
Learning difficulty has long been recognized as a barrier
to academic success, influencing how students interact with
educational tools, including AI technologies. Learning difficulties,
such as dyslexia or ADHD, can affect students” ability to process
information efficiently, making it challenging for them to fully
benefit from traditional teaching methods (Hamdan, 2024). For
example, a study focusing on students with learning difficulties
found that while these students appreciate the assistive capabilities
of AI tools, they are also cautious about overreliance and the
potential for academic dishonesty (Korea and Alexopoulos, 2024).
This approach may result in less frequent use compared to their
peers without learning difficulties. Furthermore, the learning curve
associated with using GenAlI effectively can be a major concern,
particularly for students with learning difficulties (Afshar et al.,
2024). This highlights the need for targeted interventions to help
students build proficiency with GenAlI tools and integrate them
more consistently into their learning practices (Chen et al., 2023).

However, the integration of Al-driven tools offers new
opportunities to support these students by providing personalized,
adaptive learning experiences (Wang et al, 2023). Learning
difficulty, in this study, refers to the challenges some students
face in processing information, organizing their thoughts, or using
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cognitive strategies effectively. These difficulties can significantly
influence how students interact with Al tools in educational settings
(Hamdan, 2024). Al can cater to individual learning needs by
tailoring content to the student’s pace and level, thus reducing the
cognitive load and providing additional scaffolding (Huang et al.,
2022). Despite the promising potential, learning difficulties may
still influence the extent to which students can effectively use these
tools, making it essential to understand how learning difficulties
impact familiarity, frequency of use, and the perceived effect of AI
tools like GenAlI on self-learning.

Although the
opportunities for improving self-learning, significant challenges

integration of GenAlI offers substantial
remain. The effectiveness of these tools can be undermined if
students fail to understand how to interact with them properly
or misuse them as a shortcut for learning (Popenici and Kerr,
2017). To fully realize the potential of GenAl, higher education
institutions must invest in training and support systems for
both students and educators. Furthermore, ensuring that AI
tools are inclusive and free from bias is essential to promote
equitable learning outcomes across diverse student populations,
especially in multicultural contexts like the UAE (Mello et al,
2023). Institutions must also address ethical concerns related to
data privacy, algorithmic biases, and equitable access to technology
to ensure that all students can benefit from Al-enhanced learning
opportunities (Wang et al., 2023).

Methodology

The study was reframed to focus on students GenAl
familiarity, frequency of use, and perceived impact on self-learning.
Prompt engineering was treated only as a secondary experiential
component rather than as a structured intervention.

Participants

The initial sample size intended was 151 undergraduate
students enrolled in the General Education department at a
federal university in the UAE. However, a random sample
was selected from three different courses, 78 participants
aged 17-21 years were selected (M = 18.5, SD = 0.86). A
comprehensive demographic breakdown of the sample is presented
in Table 1. Learning difficulties were defined as students’ self-
reported diagnosed or perceived challenges affecting reading,
writing, attention, processing speed, or comprehension, aligned
with institutional accommodation categories in UAE higher
education. These demographic attributes suggest the findings are
primarily applicable to young, local, and predominantly female
undergraduate learners in the UAE. The high proportion of
local participants (96.2%) and gender imbalance (82.1% female)
may reduce the generalizability of the results to more diverse
or international student populations. Similarly, the relatively low
percentage of students reporting learning difficulties (21.79%)
might not reflect more inclusive or neurodiverse educational
environments. Consequently, while the study provides valuable
insights into the use of ChatGPT in this context, its external validity
for broader, heterogeneous academic settings may be limited.
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TABLE 1 Demographic breakdown of participants.

Variable Category n %
Gender Female 64 82.10%
Male 14 17.90%
Nationality UAE National 75 96.20%
Non-UAE National 3 3.80%
Learning approach preference Teacher-centered 39 50.00%
Balanced (Teacher- 33 42.30%

and Student-centered)

Student-centered 6 7.70%
Learning difficulties No 54 69.20%
Yes 17 21.80%
Prefer not to answer 7 9.00%

Instrument

A web survey was developed and administered to students.
It started with demographic information to ask students about
their age, gender, nationality, learning difficulties, and learning
approach. Those questions were closed-ended with multiple-choice
answers. The second part of the survey was categorized according to
the framework of the study to include Familiarity with using GenAI
(6 items), Frequency with using GenAlI (3 items), and Impact of
using GenAl on self-learning (10 items), using a 5-point Likert
scale. The survey was sent to two experts for content validity
to check the appropriateness of the items and their alignment
with the purpose of the study. The recommendations received
are to enhance the language for students’ understanding, which
was addressed and sent back to experts for their confirmation.
Cronbach’s Alpha reliability test was conducted to assess the
internal consistency among survey items. The reliability coeflicient
was found as follows: familiarity (@ = 0.832), frequency of use («
= 0.699), and impact on self-learning (o = 0.899), showing highly
reliable and considered suitable for the study.

Procedure

Participants received an informed consent form prior to the
study, and a comprehensive explanation of the study was provided.
Students were informed that their participation is voluntary and
they are free not to participate if they are not willing to continue.
Students enrolled in the GenEd courses were provided with
instructions about the use of GenAl for self-learning purposes. At
the end of the semester, the survey was sent to students for their
feedback on their experiences. Quantitative data were collected
and analyzed using descriptive statistics (frequency, mean, and
standard deviation) and inferential statistics (One-way ANOVA
and hierarchical regression) with the Statistical Package for the
Social Sciences (SPSS).

Self-reported surveys were chosen as the primary instrument
because the study focused on capturing students’ perceptions,
familiarity, and self-reported use of GenAl, dimensions that cannot
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be adequately measured through performance data alone. This
approach aligns with prior research on educational technology
adoption, which suggests that perceptions and attitudes are central
to understanding usage patterns.

Descriptive statistics were first run, followed by correlation
analysis to examine the relationship between variables (familiarity,
frequency of use, and impact on self-learning) and confounding
variables (learning approach and learning difficulty). Surprising
results were found in the relationship between learning difficulty
and the study variables, while no significance was found between
the learning approach and the study variables. Accordingly, the
researchers decided to include the learning difficulty in the study
analysis. Effect sizes (Cohen’s d for t-tests, n*> for ANOVA, and
standardized B for regression) and 95% confidence intervals
were reported to strengthen statistical interpretation. Assumptions
relevant to parametric analyses (e.g., homogeneity of variances and
absence of multicollinearity) were examined through Levene’s test
and tolerance values, respectively, and no substantial violations
were detected.

Results
Reliability and validity

To validate the measurement model, a Confirmatory
Composite Analysis (CCA) was conducted using SmartPLS,
following the recommended criteria for PLS-SEM (Hair et al,
2021). Three constructs were assessed: Familiarity with GenAl
(FE), Frequency/Use Experience (FUE), and Perceived Impact (P).
All constructs met or exceeded conventional reliability and validity
thresholds. As shown in Table 2, internal consistency reliability was
satisfactory across all scales. Cronbach’s alpha ranged from 0.707 to
0.978, and composite reliability (pc) exceeded the recommended
cut-off of 0.70 for all constructs (pc = 0.807-0.977). These results
indicate strong internal homogeneity among items. Convergent
validity was also supported. Average Variance Extracted (AVE)
values ranged from 0.577 to 0.875, surpassing the 0.50 threshold
and demonstrating that each construct explains more than half
of the variance in its indicators. The FE construct exhibited
particularly strong convergence (AVE = 0.875), while P and FUE
both demonstrated acceptable levels (AVE = 0.577 and 0.589,
respectively). Although the Perceived Impact construct included
one negatively framed indicator (P9), which demonstrated a
low negative loading, this directionality is theoretically consistent
because the item captures the opposing end of the impact spectrum.
Reverse-worded items frequently exhibit weaker loadings due to
cognitive processing differences among respondents; however,
retaining P9 ensures full representation of both positive and
negative academic effects, thereby preserving the constructs
content validity. Importantly, overall construct reliability remained
strong (o = 0.901; pc = 0.918), and AVE exceeded recommended
thresholds, indicating that the inclusion of P9 does not compromise
the psychometric adequacy of the construct. Discriminant validity
was assessed using the inter-construct correlation matrix and
HTMT values. Inter-construct correlations remained below 0.40,
suggesting that the constructs are conceptually distinct. This
supports the discriminant validity of the measurement model and
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TABLE 2 Measurement model assessment (PLS-SEM/CFA equivalent).

Construct/item Factor o pC AVE
loading

Familiarity with 0.978 0.977 0.875

GenAl

FE_1 0.992

FE_2 0.992

FE_3 0.954

FE_4 0.95

FE_5 0.882

FE_6 0.911

Frequency/use 0.707 0.807 0.589

experience

FUE_1 0.759

FUE_2 0.786

FUE_3 0.829

Perceived impact 0.901 0.918 0.577

P_1 0.789

P_2 0.814

P_3 0.841

P_4 0.837

P_5 0.827

P_6 0.815

P_7 0.839

P_8 0.845

P_9 —0.184

P_10 0.738

justifies their use as separate latent variables in the structural model.
Finally, model fit was evaluated using SRMR, d_ULS, and d_G
indices. The SRMR values for the saturated (0.076) and estimated
model (0.099) fall within acceptable limits for PLS-SEM (<0.10),
indicating adequate model fit for the measurement specification.
These results collectively confirm that the measurement model
demonstrates satisfactory psychometric quality and is suitable for
subsequent structural analysis.

Exploratory Factor Analysis (EFA) was conducted to assess the
underlying structure of the items measuring GenAl familiarity,
experience, and perceived impact. EFA was performed to establish
the psychometric adequacy of the instrument. Principal Axis
Factoring with Oblimin rotation was used. Sampling adequacy
was confirmed (KMO = 0.856), and Bartlett’s Test of Sphericity
was significant, x%7g) = 596.54, p < 0.001, indicating suitability
for factor extraction. Three factors emerged with eigenvalues >1,
explaining 70.27% of the total variance. Factor 1 accounted for
48.24%, Factor 2 for 13.16%, and Factor 3 for 8.87% of the variance.
The pattern matrix showed clear loadings for: (1) Perceived
Learning Impact (0.694-0.896), (2) GenAI Familiarity/Experience
(0.621-0.723), and (3) Negative Academic Impact (0.413).
Communalities ranged from 0.478 to 0.768 for all items except
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the negatively framed item (0.187). The weaker loading of this
item in EFA is consistent with its negative framing and supports
the decision to retain it based on theoretical importance rather
than purely statistical criteria. Residuals indicated acceptable fit,
with only 25% exceeding |0.05|. These results support the construct
validity of the measurement items used in the main analysis.

Descriptive statistics

In order to address RQ1 (How familiar are undergraduate
students with Generative Al tools, and how frequently do they
use them for self-learning?), descriptive statistics and correlation
analysis were conducted. Table 3 presents the frequency and
percentage distributions for all familiarity, usage, and perceived
impact indicators.

Regarding the familiarity with GenAl, the distribution of
responses was fairly balanced across low, medium, and high
categories. For example, previous GenAI use was reported as 25.6%
low, 34.6% medium, and 39.7% high, indicating that most students
have at least some prior exposure. Interest in exploring GenAlI was
also high, with 74.4% of students (medium + high) expressing
interest. In contrast, formal training familiarity remained modest,
with only 35.9% reporting high familiarity, suggesting that
structured training opportunities may still be limited.

In terms of frequency of using GenAl, 37.2% of participants
reported that they rarely use it, 32.1% use it moderately, and 30.8%
use it frequently. Participants varied in their responses regarding
the use of GenAl for educational purposes, with 14.1% reporting
that they rarely use it in their studies, 33.3% mentioning that
they moderately use it, and 52.6% using it in their studies. Using
prompt engineering was also another aspect where participants’
responses varied. A few of the participants (28.2%) stated that they
do not have high experience using prompt engineering, 26.9% were
moderately experienced using it, and 44.9% frequently use it.

In order to address RQ2 (How do students perceive the
impact of Generative Al on their self-learning?), frequency and
percentages were measured as shown in Table 3. Students generally
perceived GenAl to have a positive impact on their learning. For
example, 71.8% agreed or strongly agreed that GenAlI improved
their time efficiency in concept clarification. Communication skills
enhancement was also viewed positively, with 47.5% agreeing or
strongly agreeing, although 41.0% remained neutral. Confidence
building showed similarly favorable trends, with 64.1% agreeing or
strongly agreeing. Despite these positive perceptions, a portion of
the sample expressed concerns: 51.3% responded with neutral or
disagree categories regarding negative academic impacts, indicating
mixed views about potential drawbacks.

One-way ANOVA

RQ3 asked about the differences in GenAl familiarity,
frequency of use, or perceived self-learning impact between
students with and without learning difficulties. Accordingly, a
One-Way ANOVA was conducted to investigate the effects of
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learning difficulty on frequency of use. The analysis revealed a
significant effect of learning difficulty on students’ frequency of
use of GenAl The results of the one-way ANOVA indicated a
statistically significant difference between the groups [F 75 =
3.810, p = 0.027]. This suggests that learning difficulty significantly
influences students’ frequency of using GenAl scores, with at
least one of the groups differing from the others. There were no
significant differences in the effect of learning difficulty on students’
impact on self-learning using GenAl [F(, 75) = 0.886, p = 0.416, °
= 0.023], and familiarity using it [F, 75 = 1.40, p = 0.253, n? =
0.036]. This suggests that learning difficulty neither affects students’
experiences nor their familiarity with GenAl.

Hierarchical regression analysis

A hierarchical multiple regression was conducted to address
RQ4 (Does learning difficulty moderate the relationship between
FE/FUE and perceived impact?). Specifically, it aims to examine
whether GenAl familiarity (FE) and frequency of use (FUE)
predict perceived learning impact (P) beyond the effect of learning
difficulties. In Block 1, learning difficulty status was entered as
the sole predictor. In Block 2, FE and FUE were added to
assess their incremental explanatory power. Results show that
learning difficulty status did not significantly predict perceived
impact, F(;76) = 1.36, p = 0.248, explaining only 1.8% of the
variance (R*> = 0.018). The coefficient for learning difficulties
was non-significant (8 = 0.132, p = 0.248), indicating that,
on its own, LD does not meaningfully differentiate students in
terms of the perceived impact of GenAlI on learning. When
FE and FUE were added in Block 2, the model’s explanatory
power increased to 9.3% (R> = 0.093), with the change in R®
approaching statistical significance, AR* = 0.075, F(5,74) = 2.52,
p = 0.064. Within this adjusted model, frequency of use (FUE)
emerged as a significant positive predictor (B = 0.272, p =
0.024). Students who used GenAI more frequently reported higher
perceived learning impact. Neither learning difficulty status (8 =
0.054, p = 0.641) nor familiarity (FE) (8 = 0.053, p = 0.642)
contributed significantly after FUE was added, suggesting that
usage intensity, rather than perceived familiarity or LD status,
is most closely associated with perceived benefits. These findings
indicate that while learning difficulties do not independently
predict perceived impact, the frequency of GenAlI engagement plays
a meaningful role in shaping students’ learning perceptions (see
Table 4).

Moderation analysis

A hierarchical regression analysis was conducted to examine
whether learning difficulties moderated the relationships between
(a) familiarity with generative AI (FE), (b) frequency of use (FUE),
and students’ perceived academic impact (P). All continuous
predictors were mean-centered prior to analysis, and interaction
terms (FE x LD and FUE x LD) were entered in a second block.
Model 1 (main effects) explained 9.3% of the variance in perceived
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TABLE 3 The frequency (N) and percentage distributions (%) of GenAl familiarity, frequency.

10.3389/feduc.2025.1737928

| Familiarity Low Medium  High |

T have previously used Generative Al tools (e.g., ChatGPT, Microsoft Copilot, 20 (25.6%) 27 (34.6%) 31(39.7%)

Gemini).

T have received training or guidance on how to use Generative Al tools 20 (25.6%) 27 (34.6%) 31(39.7%)

T use Generative Al tools for various academic or personal tasks 19 (24.4%) 32 (41%) 27 (34.6%)

Tam interested in exploring and learning more about Generative Al tools. 20 (25.6%) 30 (38.5%) 28 (35.9%)

My university has provided formal training on how to effectively learning 21 (26.9%) 29 (37.2%) 28 (35.9%)

activities.

T experience challenges when creating effective prompts for Generative Al 19 (24.4%) 32 (41%) 27 (34.6%)

tools.

Frequency of use Low Medium High Very high  Frequency of

use Very low

How frequently do you use Generative Al tools? 7 (9%) 22 (28.2%) 25 (32.1%) 16 (20.5%) 8(10.3%)

I consider myself experienced in using Generative Al tools. 1(1.3%) 10 (12.8%) 26 (33.3%) 30 (38.5%) 11 (14.1%)

I feel confident in my ability to design effective prompts for Generative AL 3(3.8%) 19 (24.4%) 21 (26.9%) 23 (29.5%) 12 (15.4%)

Impact on self-learning Strongly Disagree = Neutral Agree Strongly
disagree Agree

Using Generative Al helps me improve my communication and structure, 4 (5.1%) 5(6.4%) 32 (41%) 24 (30.8%) 13 (16.7%)

tone).

Generative AT helps me clarify difficult concepts more quickly and efficiently 3(3.8%) 4 (5.1%) 15 (19.2%) 23 (29.5%) 33 (42.3%)

than traditional methods.

Using Generative Al for learning requires a lot of effort from me. 5(6.4%) 1(1.3%) 26 (33.3%) 33 (42.3%) 13 (16.7%)

I feel I have received adequate training to use Generative Al effectively for 3(3.8%) 5(6.4%) 26 (33.3%) 31(39.7%) 13 (16.7%)

my learning.

I feel comfortable crafting prompts that help me get useful learning support 4(5.1%) 1(1.3%) 25(32.1%) 33 (42.3%) 15 (19.2%)

from Generative Al

Using Generative Al increases my motivation to engage with my studies. 8(10.3%) 8(10.3%) 20 (25.6%) 23 (29.5%) 19 (24.4%)

Using Generative Al boosts my confidence in completing academic tasks. 4 (5.1%) 4 (5.1%) 20 (25.6%) 28 (35.9%) 22 (28.2%)

Using Generative Al sometimes has a negative impact on my academic 4 (5.1%) 2(2.6%) 24 (30.8%) 29 (37.2%) 19 (24.4%)

performance.

Overall, Generative AI has a positive impact on my academic performance. 16 (20.5%) 24 (30.8%) 27 (34.6%) 7 (9.0%) 4 (5.1%)

I feel confident using Generative Al as part of flipped-learning activities (e.g., 4(5.1%) 3(3.8%) 24 (30.8%) 29 (37.2%) 18 (23.1%)

preparing before class, engaging with pre-class materials).

impact (R> = 0.093, Adj. R*> = 0.056, p = 0.064). Among the
predictors, frequency of use (FUE) emerged as the only significant
positive predictor (8 = 0.272, p = 0.024), indicating that students
who more frequently used ChatGPT reported higher perceived
academic benefits. Neither familiarity (FE) nor learning difficulties
were significant predictors. Model 2 (moderation model) added
the two interaction terms and accounted for 10.0% of the variance
(R* = 0.100, Adj. R> = 0.038). However, this increase was not
statistically significant (AR> = 0.007, p = 0.170). Neither the FE
x LD interaction (8 = 0.115, p = 0.677) nor the FUE x LD
interaction (B = —0.183, p = 0.559) reached significance. The
findings indicate that learning difficulties do not moderate the
relationship between students’” familiarity or frequency of GenAI
use and their perceived academic impact. The results suggest
that frequency of use remains the most consistent predictor of
perceived benefit, independent of learning difficulty status (See
Table 5).
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Sensitivity analysis

To evaluate the robustness of findings involving learning
difficulty status, a sensitivity analysis was conducted by excluding
participants who selected “prefer not to answer” (n = 7). The
analyses were re-run using the remaining sample (n = 71).
The results revealed no substantive changes in the direction,
magnitude, or significance of relationships across the correlation,
ANOVA, and regression models. Specifically, the association
between learning difficulties and frequency of GenAlI use remained
significant, while learning difficulties continued to show no
significant relationship with familiarity or perceived learning
impact. Regression models similarly demonstrated that frequency
of use remained the strongest predictor of perceived learning
impact, and no moderation effects emerged. These consistent
patterns suggest that the inclusion or exclusion of the “prefer
not to answer” group does not significantly impact the study’s
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TABLE 4 Hierarchical regression predicting perceived learning impact.

‘ Predictor

10.3389/feduc.2025.1737928

B SE B t p
Block 1
Constant 3.336 0.205 — 16.264 <.001
Learning difficulties 0.155 0.133 0.132 1.165 0.248
Block 2
Constant 2.248 0.909 — 2.474 0.016
Learning difficulties 0.064 0.136 0.054 0.468 0.641
Familiarity (FE) 0.252 0.54 0.053 0.467 0.642
Frequency of use (FUE) 0.247 0.107 0.272 2.311 0.024

Model 1: R* = 0.018; Model R* = 0.093, AR? = 0.075 (approaching significance), F(74) = 2.520, p =. 0064; N = 78.

TABLE 5 Hierarchical moderation regression predicting perceived impact (P).

‘ Predictor B SE B t Jo) ‘
Model 1
Constant 3.464 0.208 - 16.668 <.001
Learning difficulty 0.064 0.136 0.054 0.468 0.641
FE ¢ 0.252 0.54 0.053 0.467 0.642
FUE_c¢ 0.247 0.107 0.272 2311 0.024*
Model 2 (moderation added)
Constant 3.449 0.221 — 15.59 <.001
Learning difficulty 0.088 0.153 0.075 0.571 0.57
FE_c -.308 1.328 -.064 -.232 0.817
FUE_c¢ 0.402 0.269 0.443 1.496 0.139
FE_LD (interaction) 0.386 0.923 0.115 0.418 0.677
FUE_LD (interaction) -.112 0.191 -.183 -.587 0.559

Model 1: R* = 0.093; Model 2: R* = 0.100.

conclusions, thereby strengthening confidence in the validity of
the findings.

Discussion

This study investigated undergraduate students’ familiarity
with, frequency of use of, and perceived impact of Generative
AT (GenAl) on self-learning, with a particular focus on the
differences between students with and without learning difficulties.
The findings provide a complex view of how students are
engaging with these emerging technologies, revealing patterns
of adoption, significant relationships between key variables, and
crucial differences across student groups.

Familiarity and frequency of GenAl use

The findings of RQ1 (How familiar are undergraduate students
with Generative Al tools, and how frequently do they use them for
self-learning?) reveal notable results in student engagement with
GenAlL The descriptive results showed that a high percentage of
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students reported low familiarity with GenAI tools was generally
low, with most items falling within the low-to-medium range,
reflecting limited prior training and challenges in effectively using
prompt engineering. Conversely, their frequency of GenAl use
for academic purposes was noticeably higher, with a substantial
proportion of students reporting moderate to frequent use. This
contrast, low familiarity but moderate-to-high use, indicates that
students rely heavily on GenAlI tools despite not having strong
foundational knowledge of how they operate. This discrepancy
suggests a pattern of “utility-driven adoption,” where students
engage with GenAl not because of a deep, formal understanding
but because of its immediate practical benefits for completing
academic tasks. This behavior can be understood through the lens
of Self-Determination Theory (SDT), which posits that individuals
are motivated by the need for competence, autonomy, and
relatedness (Xia et al., 2022). In this context, students are satisfying
their need for competence not by mastering the technology, but
by efficiently completing assignments and achieving academic
goals. The tool becomes a means to an end, which explains the
motivation behind this utility-driven approach even in the absence
of formal training. This mode of adoption, driven by perceived
usefulness rather than structured pedagogical integration, aligns

frontiersin.org


https://doi.org/10.3389/feduc.2025.1737928
https://www.frontiersin.org/journals/education
https://www.frontiersin.org

Saleh and ElSayary

with the broader literature that identifies a persistent Al literacy
gap in higher education (Mello et al., 2023; Rathod, 2024). Students
are learning by doing, engaging in a form of informal, just-in-
time learning that is highly effective for task completion but
insufficient for developing a deep conceptual understanding of the
technology itself. However, this informal, utility-driven approach
carries inherent ethical risks. When students use third-party GenAI
tools without a full understanding of their operation, they are
exposed to significant data privacy concerns, as their inputs can
be used for model training without transparent consent (Garcia-
Lépez and Trujillo-Linan, 2025). Furthermore, this pattern of use
makes them vulnerable to the algorithmic biases embedded in
these systems, which can perpetuate stereotypes and inequities,
particularly for students from non-dominant backgrounds (Garcia-
Lépez and Trujillo-Lindn, 2025).

Perceived impact of GenAl on self-learning

The section below discusses the results to respond to RQ2
(How do students perceive the impact of Generative Al on
their self-learning?). Despite low familiarity, a vast majority of
students perceived the impact of GenAl on their self-learning
as overwhelmingly positive. The data indicates that students
primarily value GenAl for its ability to enhance time efficiency in
concept clarification, boost confidence, and improve the overall
quality of their academic work. This aligns with models of Self-
Regulated Learning (SRL), which involves phases of forethought,
performance, and self-reflection (Chiu, 2024). GenAl appears to
be a powerful scaffold, particularly in the forethought phase (e.g.,
by helping to plan and organize ideas) and the performance
phase (e.g., by providing instant feedback and clarifying concepts
on demand). The tool effectively reduces the activation energy
required to start and sustain academic tasks (Afshar et al,
2024). However, the perception of benefit is not without its
drawbacks, as a notable portion of students also reported negative
academic impacts, such as over-reliance or reduced critical thinking
engagement. This duality highlights a critical tension in GenAI
use: the line between using the tool as a supportive scaffold and
using it as a cognitive crutch that undermines deep learning (Tu
et al., 2024). This risk directly impacts student agency, where
over-reliance on GenAI can lead to a passive consumption of
information rather than active knowledge construction (Popenici
and Kerr, 2017). The danger, as noted by Darvishi et al. (2024),
is that students may begin to prioritize the efficiency of getting
an answer over the process of learning itself. This is particularly
detrimental to the self-reflection phase of SRL, as students may fail
to critically evaluate the AD's output or their own understanding,
thereby hindering the development of metacognitive skills.

Differential engagement for students with
learning difficulties

In responding to RQ3 (Are there significant differences in

GenAl familiarity, frequency of use, or perceived self-learning impact
between students with and without learning difficulties?), the most
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detailed finding of this study emerged from the comparison
between students with and without learning difficulties. The
results revealed that students with learning difficulties reported a
significantly higher frequency of GenAI use. This suggests that
these students may be utilizing GenAlI as a compensatory tool
to navigate academic challenges. This can be interpreted through
the Social Model of Disability, which suggests that disability
arises from the interaction between an individual’s impairment
and an unaccommodating environment. In this view, GenAl
becomes a tool for students to bridge environmental barriers in
the educational system, such as a lack of personalized support
or inflexible assignment formats (Ahmed et al., 2025). This is
likely because GenAl provides personalized, on-demand support
for executive functions, such as organizing ideas, clarifying complex
texts, or overcoming writer’s block, which can be particularly
challenging for this student population (Hamdan, 2024). This
higher frequency of use did not translate into significantly different
levels of familiarity or perceived impact. There are two main
reasons for this result. First, the learning curve for using GenAl
effectively may be steeper for students with learning difficulties,
who often manage a higher intrinsic cognitive load. They may
therefore require more intensive use to achieve the same level
of benefit as their peers (Afshar et al., 2024). Second, their
engagement may be more instrumental and task-oriented, focused
on immediate problem-solving rather than a broader exploration
of the tool’s capabilities, thus limiting gains in overall familiarity
(Mladenov, 2025). This finding is critical, as it suggests that simply
providing access to GenAl is insufficient to ensure equity; targeted
support and training are also necessary.

The universal benefit of engagement

In discussing the results of RQ4 (Does learning difficulty
moderate the relationship between FE/FUE and perceived impact?),
the moderation analysis provided the most insightful findings of
this study. The results clearly indicate that learning difficulty does
not statistically moderate the relationship between either familiarity
or frequency of use and perceived academic impact. In practical
terms, this means that the positive benefits gained from frequently
using GenAl are consistent for students both with and without
learning difficulties. The interaction term was not significant,
demonstrating that the strength of this relationship does not change
based on a student’s learning difficulty status.

This non-significant finding should not be interpreted as a null
result, but rather as a powerful indicator of GenAIs potential as
a universally beneficial educational tool. This can be understood
through the lens of Universal Design for Learning (UDL), which
posits that tools and pedagogical approaches designed to support
learners with specific needs often benefit all learners (Song, 2024).
Although students with learning difficulties may have used GenAl
more frequently as a compensatory tool, the mechanism through
which that use translates into perceived benefits, such as improved
efficiency and confidence, appears to be universal. This suggests
that GenAI helps reduce extraneous cognitive load for all students,
allowing them to better allocate their cognitive resources to the
learning task itself (Tu et al., 2024).
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Furthermore, this result reinforces the core tenets of technology
acceptance models, which emphasize that perceived usefulness and
ease of use are primary drivers of technology’s positive impact
(Chang et al., 2023). The finding that frequency of use is the most
consistent predictor of positive outcomes, irrespective of learning
difficulty, highlights that the fundamental factor is engagement.
The implication is profound: the challenge is not that GenAI works
differently for these student groups, but that students with learning
difficulties may need to invest more effort (i.e., higher frequency
of use) to activate this same beneficial mechanism (Afshar et al.,
2024). This powerfully argues against a one-size-fits-all approach
to GenAl integration and highlights the dual need for universal
access and training alongside differentiated support for students
who require it (Ahmed et al., 2025).

Proposed framework for GenAl interaction
training

Based on the findings of this study and in response to the
clear need for structured training, a two-branched framework is
proposed for developing GenAlI interaction skills (see Figure 1).
They are often referred to as prompt engineering for both students
and faculty. This framework is designed to be adaptable across
disciplines and institutional contexts. For students, foundational
training should be integrated into first-year experience courses,
general education curricula, or discipline-specific introductory
courses. The primary goal is not to create expert prompt engineers,
but to equip all students with the core competencies of Al literacy

10.3389/feduc.2025.1737928

needed to use GenAl effectively and ethically (Ng et al., 2021).
Such training should begin with a conceptual understanding of how
Large Language Models (LLMs) work, including their strengths
in areas like synthesis and brainstorming, and their weaknesses,
such as the potential for hallucinations and bias (Garcia-Lépez
and Trujillo-Lifidn, 2025). Following this, a simple, memorable
framework for crafting effective prompts should be introduced.
The “Five S” model (Tassoti, 2024), for example, provides a useful
starting point by teaching students to “Set the Scene” by providing
context and assigning a role to the AJ; to “Be Specific” by clearly
defining the task and constraints; to “Simplify Language” by using
clear, direct phrasing; to “Structure the Output” by specifying the
desired format; and to “Share Feedback” by iterating and refining
prompts based on the Al's output. The most crucial component
of this training, however, is teaching students to critically evaluate
GenAl outputs. This is essential to mitigate the risk of over-
reliance and ensure that AI assistance does not supplant the
development of independent learning skills (Darvishi et al., 2024).
This critical evaluation includes fact-checking claims, identifying
potential biases, and understanding that the Al is a tool to assist,
not replace, their own thinking.

Concurrently, faculty should receive training that focuses
on pedagogical integration and advanced applications, enabling
them to model best practices and design meaningful learning
experiences. This can be delivered through faculty development
workshops, departmental training sessions, and online modules.
The curricullum for faculty should emphasize pedagogical
integration, showing them how to align GenAlI use with specific
learning objectives and design assignments that encourage critical
thinking rather than simple content generation. It should also
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provide discipline-specific applications, offering examples of
how GenAl can be used for tasks relevant to their fields, such
as generating case studies in business or debugging code in
computer science. Furthermore, faculty should be introduced to
advanced prompting techniques, such as zero-shot, few-shot, and
chain-of-thought prompting, to elicit more complex and detailed
responses from GenAI models. Finally, this training must equip
faculty with the knowledge to lead discussions on ethical issues and
to develop clear, consistent, and fair policies for GenAl use in their
courses, addressing concerns of academic integrity, data privacy,
and algorithmic bias (Garcia-Lépez and Trujillo-Lifdn, 2025). By
implementing this dual framework, higher education institutions
can move from a reactive to a proactive stance on GenAl, fostering
a campus-wide culture of responsible and effective Al literacy,
which, as Lee and Palmer (2025) note, is essential for aligning the
pragmatic skills of Al interaction with contextual educational goals.

Limitations and recommendations

While this study provides valuable insights into the integration
of GenAl in general education courses, several limitations need
to be acknowledged. First, the study was conducted at a single
institution, which limits the generalizability of the findings to other
educational contexts, especially in diverse cultural and institutional
settings. The sample was also demographically homogenous,
with a high percentage of local students (96.2%) and female
participants (82.1%), which may not fully represent the broader
student population in the UAE or other regions. To increase
the external validity of the results, future research should aim
to replicate this study across multiple universities, both within
the UAE and internationally. Such replication would provide a
more comprehensive understanding of how GenAI and prompt
engineering function across different educational systems, regions,
and student populations.

Second, the sampling procedure warrants clarification. The
study initially targeted a population of 151 students enrolled in
three specific General Education courses. From this population, a
convenience sample of 78 students who voluntarily consented to
participate was obtained. This non-random sampling method was
chosen for its practicality in a real-world educational setting, but it
introduces the possibility of selection bias, as students who chose to
participate may have different characteristics or levels of interest in
GenAl than those who did not.

Third, another limitation concerns the reliance on self-reported
survey measures as the sole source of data. While self-reports are
widely used in educational research because they capture students’
subjective experiences, attitudes, and perceptions (which are critical
for understanding engagement with new technologies), they are
also prone to bias, such as social desirability and inaccurate recall.
This methodological choice was made because the study aimed to
examine perceptions of GenAl use, which are inherently subjective
constructs. However, future research should complement self-
reported data with objective indicators of learning performance, for
example, academic grades, problem-solving tasks, or project-based
evaluations, to provide a more robust account of the impact of
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GenAl tools. Combining subjective and objective measures would
allow for triangulation and increase the validity of the findings.

Fourth, the absence of objective measures of learning (such as
academic grades or performance-based assessments) means that
self-reported improvements are not substantiated by independent
data. While the study found a positive correlation between GenAI
use and perceived academic impact, this does not confirm a
causal link to actual performance. Future research should aim
to incorporate objective measures to validate these self-reported
perceptions and provide a more complete picture of GenAIs
educational effectiveness.

Furthermore, while this study focused on the immediate impact
of GenAl on self-learning, it does not address the long-term
effects of using GenAl tools on students’ academic outcomes
and cognitive development. Future research should explore the
longitudinal impact of GenAlI usage, especially for students with
learning difficulties, to determine whether the positive effects on
self-regulated learning, confidence, and academic performance are
sustained over time. This will help in understanding whether the
integration of Al tools leads to lasting improvements or whether
their benefits diminish once students are no longer exposed to
them regularly.

Based on these findings and limitations, several key
recommendations for future research and practice can be
made. First, educational institutions should invest in structured,
systematic training programs for both students and faculty to
enhance the effective use of GenAlI tools, particularly focusing on
prompt engineering. This would help students, especially those
with learning difficulties, to overcome the barriers to using Al tools
effectively, such as a lack of familiarity and challenges in interacting
with them meaningfully. Training programs should not only focus
on the technical aspects of GenAl but also address pedagogical
strategies for integrating AI into learning environments to
maximize its benefits for diverse student populations.

Furthermore, research should continue to explore the
integration of GenAl in the context of inclusive pedagogy,
especially for students with learning difficulties. Investigating how
GenAl can be customized to meet the unique needs of students
with disabilities, such as dyslexia or ADHD, could provide valuable
insights into creating more personalized and adaptive learning
experiences. Moreover, additional studies should investigate
the role of GenAl in promoting motivation and self-efficacy,
particularly among students who may feel marginalized by
traditional educational methods. Exploring these aspects can help
refine the design and implementation of Al tools in educational
settings to ensure that they are accessible and beneficial for all
learners, regardless of their cognitive or academic background. A
further limitation stems from the operationalization of “learning
difficulties” as a single, self-reported variable. This approach treats
a highly diverse group of students as a homogenous category,
masking significant heterogeneity within the population of
learners who experience academic challenges. The term “learning
difficulties” can include a wide range of conditions, from formally
diagnosed specific learning disabilities (e.g., dyslexia, ADHD) to
more general, undiagnosed academic struggles. Consequently,
the findings may not be generalizable to any specific subgroup
within this population. Furthermore, this self-report method
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introduces a risk of misclassification. Students with undiagnosed
disabilities may have been misclassified into the “No” group, while
others may have self-identified as having a learning difficulty
without a formal diagnosis, potentially diluting the true effect
size. Future research should employ more granular measures,
such as distinguishing between formally diagnosed disabilities and
self-perceived challenges, to allow for a more nuanced analysis.

Lastly, future research should aim to assess the ethical
implications of using AI tools in higher education, particularly
in relation to student privacy, data security, and the potential
for algorithmic biases. As Al tools become increasingly integrated
into educational practices, it is crucial to ensure that their use
aligns with ethical standards and fosters equitable access to
learning opportunities for all students. This includes developing
transparent policies for Al use, safeguarding student data, and
mitigating any biases that may inadvertently affect marginalized
groups. Addressing these ethical concerns will be vital in ensuring
that the integration of GenAl tools in education fosters a fair,
inclusive, and empowering learning environment. A critical next
step for research in this area is to move beyond self-reported
data and establish a clearer connection between GenAl use and
actual academic outcomes. Although the present study provides
valuable insights into students’ perceptions, it does not empirically
validate these perceptions against objective performance metrics.
Future studies should therefore aim to incorporate quantitative
data, such as course grades, assignment scores, or performance
on standardized assessments, to analyze the correlation between
the frequency and quality of GenAl interaction and students’
academic achievement. Such research could employ a mixed-
methods approach, combining log data from GenAI platforms
with academic records and qualitative interviews to build a more
robust and detailed understanding of how these tools truly impact
learning. This would enable the field to shift from documenting
perceived benefits to identifying causal links and developing
evidence-based best practices for leveraging GenAl to achieve
measurable improvements in student performance.

Conclusion

This study investigated the landscape of Generative AI (GenAl)
adoption among university students in the UAE, examining how
factors such as familiarity, frequency of use, and the presence of
learning difficulties influence its perceived impact on self-learning.
By integrating theoretical frameworks like Self-Regulated Learning
(SRL), the Social Model of Disability, and Universal Design for
Learning (UDL), the research sought to understand if students
use these tools, and to what effect, particularly for learners who
face additional academic challenges. One of the study’s primary
findings is the significant, positive relationship between students’
familiarity with and frequency of GenAl use and its perceived
positive impact on their self-learning. This suggests that sustained
engagement is key to unlocking the educational benefits of these
tools, a conclusion that supports existing literature on the role of
Al in fostering self-regulated learning (Afshar et al., 2024; Chang
et al.,, 2023). However, a key differential finding emerged: students
with learning difficulties reported significantly lower frequency of
GenAl use compared to their peers without learning difficulties,
pointing to a critical equity gap in adoption. Interestingly, the
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moderation analysis revealed that the presence of a learning
difficulty did not significantly alter the relationship between GenAI
usage and its perceived impact. This suggests that although students
with learning difficulties use these tools less often, when they do,
they derive a similar level of perceived benefit as their peers. This
detailed finding highlights the importance of focusing on equitable
access and training rather than assuming a differential impact.
By explicitly analyzing this group within the UAE’s culturally and
linguistically diverse GenEd context, the study adds to international
scholarship by foregrounding inclusivity and equity as essential
dimensions of Al integration in higher education. The study also
confirmed a generally low level of familiarity with GenAI across the
entire sample, highlighting a university-wide gap in Al literacy that
likely hinders effective adoption (Mello et al., 2023). This finding
reinforces the urgent need for structured training. As proposed in
the Discussion, such training must move beyond basic technical
skills to encompass critical evaluation, ethical use, and discipline-
specific pedagogical strategies, empowering both students and
faculty to utilize GenAl as a tool for deeper learning. Finally,
it is important to acknowledge that the study relied solely on
self-reported survey data. While this approach captured students’
perceptions, a critical dimension for understanding how learners
experience new technologies, it also limits the strength of the
findings. The limitations were further compounded by the use
of a single-institution convenience sample and the absence of
objective outcome measures. Future research should incorporate
objective measures such as grades, problem-solving performance,
or project-based outputs to triangulate results and strengthen
validity. Furthermore, longitudinal and experimental designs are
needed to establish causality and track the long-term effects of
GenAl integration on student learning trajectories. Overall, this
study provides valuable insights into the complex dynamics of
GenAl adoption in higher education. The findings highlight the
need for targeted interventions to bridge the gap in students’
familiarity and training with these technologies, with a particular
focus on ensuring equitable access for students with learning
difficulties. Future research should further explore the long-term
effects of GenAl use on student outcomes, particularly for students
with learning difficulties, to determine whether the positive impacts
observed in this study are sustained over time. Additionally,
institutions should prioritize ethical considerations related to Al
tool usage, ensuring that these tools are accessible, equitable, and
inclusive for all students, regardless of their backgrounds.
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