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Abstract:

This study investigated how Artificial Intelligence (AI) influences academic achievement
among university students in Klang Valley, Malaysia, with time management skills as a
mediating factor. Grounded in Zimmerman’s Self-Regulated Learning (SRL) model, it
explored the relationships between the frequency, familiarity, and duration of Al use and
students” academic performance. A quantitative design was employed using 313 valid
responses from three private universities. Data were collected through a structured
questionnaire and analysed using SPSS version 30 with multiple regression and Hayes
PROCESS MACRO mediation tests. The findings revealed that frequent, familiar, and
prolonged Al use enhanced academic performance. Time management skill mediated the
relationships between Al familiarity and duration with academic performance, but not
between frequency and academic performance. The study bridges theoretical and
practical gaps by showing that self-regulatory behaviours strengthen the educational
value of Al It recommends integrating Al literacy with structured time management
skills to optimize learning outcomes.
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1. Introduction

The higher education sector in Klang Valley is rapidly embracing artificial intelligence
(Al) across teaching, assessment, and student support systems. This transformation raises
important questions about how Al engagement influences academic performance within
Malaysian universities. Existing studies demonstrate that AI enhances educational
outcomes through adaptive feedback, intelligent tutoring, and personalized analytics
(Bond, 2024; Dong et al., 2025; Vieriu et al., 2025).

Students increasingly integrate Al into their study habits and time-management
skills, reshaping how learning is organized (Kelly, 2024). National initiatives such as Al
governance frameworks and dedicated learning centres further promote responsible
technological adoption (Ministry of Finance Malaysia, 2023; UNESCO, 2024).

However, realizing these benefits depends on institutional readiness, ethical
awareness, and resource adequacy (Bond, 2024, UNESCO, 2024). Given Malaysia’s
diverse academic landscape, localized evidence is essential. This study, therefore,
investigates how Al use affects academic performance among university students in
Klang Valley within Malaysia’s evolving digital education context.

1.1 Research Problem Statement

Artificial Intelligence (AI) has become integral to higher education but the mechanisms
through which it shapes students’ academic performance remain insufficiently explored.
Studies by (Abbas et al., 2023; Abubakar et al., 2024; Ahmad et al., 2022; Hu et al., 2024)
have highlighted that frequent and duration of Al use improves learning efficiency,
motivation, and adaptability. Likewise, familiarity with Al enhances students” ability to
plan, monitor, and regulate their learning behaviours (Chan & Hu, 2023; Xie, 2023).
However, contrasting evidence by (Abuzaid et al., 2022; Zhang, S. et al., 2024; Klimova et
al., 2023) shows that excessive dependence on Al may undermine self-regulated learning,
reduce creativity, and weaken time-control skills. These inconsistencies reveal a crucial
research gap concerning how Al engagement transforms into tangible academic
performance.

Grounded through the Self-Regulated Learning (SRL) model (Zimmerman, 1989),
this study addresses that gap by examining the mediating influence of time management
skills on the relationship between AI use (frequency, familiarity, and duration) and
students” academic performance. Past studies by (Al-Yami et al., 2021; Hidayat & Hasim,
2023; Woods et al., 2024) have indicated that time management skills facilitate cognitive
organization, task prioritization, and academic persistence, but few have investigated
their mediating role within Al-based learning environments.

In Malaysia’s Klang Valley, where online and Al-assisted learning has become
widespread (Huang et al., 2021; Namjoo et al., 2023; Xia et al., 2023), understanding this
interaction is significant. Without such evidence, educational institutions risk
emphasizing technological adoption over behavioral regulation. Conversely, confirming
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this mediation could guide universities in designing curricula that integrate Al use with
self-regulatory training, promoting responsible technology use and sustainable academic
achievement.

1.2 Research Questions

RQ1: Is there a significant relationship between frequency of Al use and students’
academic performance?

RQ2: Is there a significant relationship between familiarity with Al and students’
academic performance?

RQ3: Is there a significant relationship between duration of Al use and students’
academic performance?

RQ4: Is there a significant relationship between frequency of AI use and time
management skills?

RQ5: Is there a significant relationship between familiarity with Al and time management
skills?

RQ6: Is there a significant relationship between duration of Al use and time management
skills?

RQ?7: Is there a significant relationship between time management skills and students’
academic performance?

RQ8: Is there a significant mediating role of time management skills in the relationship
between frequency of Al use and students” academic performance?

RQO9: Is there a significant mediating role of time management skills in the relationship
between familiarity with Al and students” academic performance?

RQ10: Is there a significant mediating role of time management skills in the relationship
between duration of Al use and students’” academic performance?

1.3 Research Objectives

RO1: To examine the relationship between frequency of Al use and students” academic
performance.

RO2: To examine the relationship between familiarity with Al and students’ academic
performance.

RO3: To examine the relationship between duration of Al use and students” academic
performance.

RO4: To examine the relationship between frequency of Al use and time management
skills.

RO5: To examine the relationship between familiarity with Al and time management
skills.

RO6: To examine the relationship between duration of Al use and time management
skills.

RO7: To examine the relationship between time management skills and students’
academic performance.
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RO8: To examine if time management skills mediate the relationship between frequency
of Al use and students” academic performance.

RO9: To examine if time management skills mediate the relationship between familiarity
with Al and students” academic performance.

RO10: To examine if time management skills mediate the relationship between duration
of Al use and students” academic performance.

2. Literature Review

The following sections provide the underpinning theory, literature review and
hypothesis development.

2.1 Underpinning Theory

This study is grounded in the Self-Regulated Learning (SRL) Model developed by
(Zimmerman, 1989), which outlines how learners manage their study processes to
achieve academic success. The SRL model is increasingly relevant as students incorporate
Artificial Intelligence (AI) tools to enhance their learning effectiveness.

The SRL model consists of three phases: the forethought phase, performance
phase, and self-reflection phase. In the forethought phase, students prepare for learning
by setting goals and planning strategies. This phase is critical as it guides subsequent
learning activities. Al tools like Grammarly and ChatGPT support students in this phase
by helping them evaluate academic requirements and structure their assignments,
thereby improving their academic outcomes (Huang et al., 2021).

During the performance phase, students monitor their progress and adjust their
strategies in real-time. Al tools provide essential feedback, enabling students to enhance
their writing and problem-solving skills (Namjoo et al., 2023). Continuous assessment
with Al assistance helps students stay focused and manage their time effectively,
preventing procrastination (Youn, 2025).

The self-reflection phase involves students evaluating their performance and
learning experiences to identify areas for improvement. Al chatbots facilitate this
evaluation process, allowing students to analyse their goal attainment and the
effectiveness of their strategies (Xia et al., 2023). This phase fosters lifelong learning as
students learn from both successes and setbacks, ultimately enhancing their ability to
manage their learning independently (Almusaed et al., 2023).

Overall, the SRL model's phases align with this study in terms of usage of Al tools,
which enhance students' self-regulation and improve learning outcomes (Huang et al.,
2021; Namjoo, 2023). The study highlights the importance of integrating AI into
educational practices to support self-regulated learning.
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2.2 Academic Performance of Students

Artificial Intelligence (AI) possesses significant potential to enhance student performance
in educational environments. Based on the studies by (Almusaed et al., 2023; Liu et al.,
2022) Al can revolutionise teaching and learning methodologies by providing
personalised and adaptive educational experiences tailored to individual learning
requirements. Nonetheless, achieving these advantages necessitates tackling
implementation hurdles, including integration difficulties and sufficient teacher
preparation. The expanding framework, adaptability, and availability of digital
education have significantly improved overall student involvement and success,
especially among female students in IT and computer science.

The integration of Al in educational systems has significantly impacted teaching
methodology, mentorship strategies, and curriculum development (Gao, 2022).
Moreover, according to (Tanjga, 2023) the integration of AI with contemporary e-learning
systems can provide all educational stakeholders with intelligent, adaptable, and
customised services. Additionally, (Kuleto et al., 2021) emphasised that Al, previously
limited to data processing, has developed into revolutionary technologies that are
reshaping the education industry via personalised learning applications tailored to
specific student requirements. On the other hand, (Huang et al., 2021) warned that the
full integration of AI in education is constrained, since institutions, educators, and
students encounter considerable problems in adjusting to Al-driven settings.

In both developing and developed countries, investigations into Al's impact on
higher education have proliferated, demonstrating its capacity to enhance learning
engagement, customise instruction, and optimise academic administration (Youn, 2025).
Nonetheless, this trend is less evident in poorer regions, where significant research
deficiencies endure. Rectifying these gaps is crucial to guarantee equitable educational
progress across various situations. The potential of Al technologies is in their ability to
improve academic achievement by increasing learning efficiency, fostering cooperation,
and broadening access to educational resources (Huang et al., 2021). As Al applications
proliferate, their role in enhancing learning outcomes becomes increasingly apparent.
Integrating Al into academic settings offers chances to improve student performance via
more dynamic, responsive, and data-driven learning systems (Xia et al., 2023).

2.3 The Relationship Between Frequency of AI Use and Students’” Academic
Performance

The frequency of artificial intelligence (AI) use has been increasingly recognized as a
contributing factor to improved academic performance, although its impact depends on
the depth of integration and the learning context. Studies by (Abbas et al., 2023; Ezeoguine
& Eteng-Uket, 2024) have shown that consistent engagement with Al tools enhances
student performance by promoting personalized learning, increasing motivation, and
improving engagement with course materials. Moreover, according to (Abubakar et al.,
2024; Ahmad et al., 2022), frequent interaction with Al applications can also foster
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adaptive learning, where systems adjust to students” individual progress and provide
timely feedback, leading to measurable academic gains. Furthermore, Al-driven
innovations in education management have been found to enhance both teaching quality
and student training, demonstrating significant improvement in higher education
outcomes (Zhang, 2024). In recent research by (Amer et al., 2025) also indicates that
frequent use of Al chatbots positively influences students’” academic achievement,
particularly when supported by positive attitudes toward technology, suggesting that
technophilia strengthens while technophobia weakens academic outcomes. This aligns
with the automation—-augmentation perspective that argues Al use can enhance, rather
than replace, human cognition, helping students process information more effectively
and perform better academically (Raisch & Krakowski, 2021). Similarly, (Ahmad et al.,
2022) mentions that Al applications that support efficient grading and assessment reduce
teacher workload and create more time for active learning, indirectly improving students’
performance through better instructional quality. In addition, (Hu et al., 2024) discovered
that Al-facilitated smart learning techniques have been shown to encourage curiosity and
a desire for knowledge, which together drive students toward higher academic
achievement.

However, the relationship between frequency of Al use and academic
performance is not universally positive, as several studies have identified potential
drawbacks. Excessive dependence on Al may lead to a decline in students’ critical
thinking and engagement, especially when the technology is used without adequate
guidance or understanding (Abuzaid et al., 2022). Moreover, overreliance on Al can
interfere with social interactions and emotional development, as frequent use of Al
technologies has been linked to reduced interpersonal skills and weaker peer
relationships (Puteri et al., 2024; Lai et al., 2023). Moreover, ethical and psychological
challenges have also emerged, including concerns about data privacy, algorithmic bias,
and emotional disconnection between learners and instructors, which can hinder
meaningful learning experiences (Klimova et al., 2023). Additionally, (Zhang, 2021)
mentions that ineffective implementation of Al systems and a lack of data protection
mechanisms have been reported to compromise both educational quality and student
trust in technology. These findings suggest that while frequent Al use can support
academic success when appropriately structured, it can also undermine learning if not
balanced with human-centered approaches and proper oversight.

Therefore, the frequency of Al use contributes positively to academic performance
when combined with adequate training, ethical practices, and a supportive educational
environment. When applied effectively, frequent AI engagement can enhance
personalized learning, efficiency, and motivation. On the other hand, when Al is
overused or poorly implemented, it may weaken social, emotional, and ethical
dimensions of education. Therefore, effective integration requires not only technological
proficiency but also strong pedagogical strategies that allow students to use Al
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purposefully rather than dependently. These dissimilarities in findings reveal a gap in
the literature, which led to the formation of hypothesis H1.

H1: There is a significant relationship between the frequency of Al use and students’
academic performance.

24 The Relationship Between Familiarity with AI and Students’” Academic
Performance

Familiarity with artificial intelligence (AI) has increasingly been recognized as a key
determinant of students” academic performance, as it shapes their capacity to navigate
modern learning environments with confidence and adaptability. Research consistently
suggests that students who are more familiar with Al tools display greater engagement,
motivation, and learning efficiency. Studies by (Chan & Hu, 2023; Wu & Yu, 2023)
mention that exposure to adaptive platforms, intelligent tutoring systems, and chatbots,
students benefit from personalized feedback and real-time support that strengthen
comprehension and retention. Moreover, (Kwak et al., 2022; Al-Roomi et al., 2024) found
that in medical and professional education, higher familiarity with Al has been associated
with improved self-efficacy and readiness to integrate technology into practice, reflecting
a deeper understanding of its role in enhancing both theoretical knowledge and applied
skills. Similarly, (Akavova et al., 2023; Xie, 2023) elucidated that Al-driven inquiry and
adaptive learning models have been shown to foster autonomy and self-regulated
learning by tailoring educational content to individual needs.

Despite these advantages, contrasting findings reveal that familiarity alone does
not guarantee improved academic outcomes. Study by (AlZaabi et al., 2023) indicate that
inadequate training, inconsistent exposure, or shallow understanding of Al can hinder
students from effectively applying these tools in academic settings. Moreover, excessive
reliance on AI may reduce critical thinking and creativity, leading to academic
dependency, misinformation, and diminished self-efficacy (Zhang, S. et al., 2024).
Moreover, (Zhang, Y. et al., 2021) mentions that variations in AI’s impact across
disciplines also suggest that its benefits depend on the quality of implementation and
pedagogical context.

Therefore, familiarity with AI enhances academic performance when
accompanied by structured training, reflective learning, and ethical integration. Without
these, it risks fostering dependence rather than empowerment, emphasizing the
importance of balanced Al literacy that nurtures both technological competence and
independent intellectual growth. These difference reveals a gap in the literature which
led to the formation of hypothesis H2.
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H2: There is a significant relationship between familiarity with Al and students” academic
performance.

2.5 The Relationship Between Duration of AI Use and Students’ Academic
Performance

The duration of artificial intelligence (AI) use has emerged as a critical determinant of
academic performance, reflecting how sustained interaction with technology can shape
students’ cognitive and behavioral learning outcomes. Evidence from recent studies by
(Deng & Yu, 2023; Khan & Irfan, 2025; Mishra, 2025) suggests that extended exposure to
Al tools contributes to improved academic performance through cumulative
engagement, personalized feedback, and adaptive learning experiences. In line with this
(Abdullahi, 2025; Lai et al., 2025) discovered that students who consistently utilize Al-
enhanced platforms over longer periods develop stronger problem-solving abilities,
improved analytical reasoning, and higher motivation, as continuous feedback
mechanisms reinforce self-regulated learning behaviors. Moreover, (Drouet et al., 2024;
Kawatra, 2024) mention that sustained Al use is also shown to increase satisfaction and
cognitive development, as learners benefit from iterative interaction with intelligent
tutoring systems that adapt to their evolving academic needs. In higher education
contexts, such prolonged engagement not only fosters greater academic persistence but
also enables educators to allocate more time to interactive instruction, thereby enhancing
both student participation and overall achievement (Faridoon et al., 2025).

Despite these positive indications, contrasting evidence underscores that extended
use of Al does not always guarantee improved learning outcomes. Meta-analytic studies
report inconsistent findings, with some showing stronger effects for short interventions
rather than long-term exposure (Sun & Zhou, 2024; Shah et al., 2025). Additionally,
(Aproda et al., 2024; Rienties et al., 2024) found that excessive or unguided use can lead to
reduced creativity, ethical complacency, and overreliance on automated assistance,
undermining critical thinking and academic integrity. Moreover, research by (Kharis et
al., 2024; Umaiba, 2025; Amal et al., 2024) highlights concern about data privacy,
inadequate user training, and disparities in technological access that may limit the
educational value of sustained Al interaction.

Thus, while prolonged Al use enhances academic performance when guided by
structured pedagogical strategies, its success depends on balance and reflective practice.
Meaningful integration must emphasize ethical awareness, human oversight, and
continuous evaluation to ensure that extended use strengthens learning rather than
fostering dependence. These disparities in previous findings reveal a gap in the literature,
which led to the formation of hypothesis H3.

H3: There is a significant relationship between duration of Al use and students” academic
performance.
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2.6 The Relationship Between Frequency of Al Use and Time Management Skills
Frequent use of Al applications has been consistently linked with better time-
management skills among students and educators. According to (Meron & Araci, 2023;
Dhulipala, 2025) regular engagement with AI tools helps users save time, reduce
workload, and complete academic tasks more efficiently by automating routine processes
and structuring learning schedules. In higher education settings, students who frequently
interact with Al systems report improvements in organizing study sessions, setting
priorities, and adhering to academic deadlines. These benefits arise from intelligent
scheduling functions, adaptive feedback, and personalized learning recommendations
that guide students in distributing study time effectively (Bhatnagar & Raja, 2025; Fauzi,
et al., 2023). Moreover, (Addae & Brown, 2025) found that frequent Al use also contributes
to lower stress levels and greater academic confidence, suggesting that the technology
supports cognitive efficiency and self-regulation when used appropriately. Additionally,
(Ullah et al., 2024; Onal et al., 2025) studies demonstrate that both students and teachers
benefit from Al-based systems that optimize planning and administrative workload,
leading to more structured and productive learning environments, enabling them to
manage time effectively.

However, not all findings converge on this positive pattern. A parallel line of
research reveals that excessive or uncontrolled use of Al and digital technologies can
erode time-management abilities by fostering dependency and distraction (Han et al.,
2023; Yas et al., 2021). Furthermore, according to (Chen et al., 2021) high-frequency Al
users often experience increased procrastination, fragmented attention, and lower
persistence in completing tasks, particularly when Al usage becomes habitual rather than
goal-driven. Similarly, (Alotaibi et al., 2022) suggests that Al overuse undermines
productivity, organization, and mental well-being, especially among university students.
Hence, frequency of Al use enhances time-management when applied strategically
within guided academic frameworks. Conversely, when unmonitored or excessive,
frequent interaction can impair self-discipline and scheduling habits. Therefore,
balancing Al engagement with intentional planning and digital literacy remains essential
for sustaining productive time-management practices. These differences in previous
findings reveal a gap in the literature, which led to the development of hypothesis H4.

H4: There is a significant relationship between frequency of Al use and time management
skills.

2.7 The Relationship Between Familiarity with Al and Time Management Skills

Familiarity with artificial intelligence is increasingly recognized as an important factor in
developing students’ time-management abilities. Studies by (AL-Tkhayneh et al., 2023;
Dacholfany et al., 2023) suggest that when learners understand how Al tools function,
they can integrate them effectively into their learning routines. This enables them to
experience measurable improvements in planning, monitoring, and task organization.
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Additionally, (Trisnawati et al., 2023) found that familiarity with Al systems enhances
self-regulation and allows students to schedule their studies more efficiently, manage
workloads, and sustain attention on complex assignments. Moreover, according to (Xing,
2023; Guo et al., 2023) this relationship is often mediated by educational management
efficiency, as students who are more adept at using Al tools report higher engagement,
improved learning outcomes, and greater control over time management skills. Beyond
individual performance, Al literacy also strengthens collaborative learning and
classroom organization, where familiarity with intelligent systems supports both
students and educators in optimizing time through automated scheduling, feedback
loops, and adaptive learning environments (Zhang et al., 2024). Additionally, further
studies by (Ranieri et al., 2025; Jingyu et al., 2024; Kostas & Manousou, 2025) confirm that
Al literacy contributes to better academic well-being and time management skills, as
familiarity encourages the effective use of digital tools for information management and
self-directed learning.

Nonetheless, contrasting evidence indicates that familiarity alone may not
guarantee improved time-management. Studies by (Sulton, 2024; Tartuk, 2023)
discovered that students” knowledge of Al concepts does not significantly translate into
better organization or task prioritization, especially in early or secondary education
contexts. Moreover, (Beig & Qasim, 2023; Gonzdlez-Rico & Sintes, 2024) reported that
while familiarity enhances technological awareness, it does not strongly influence
behavioral outcomes related to time management skills. Research on cognitive offloading
further warns that growing comfort with Al may foster overreliance on external prompts,
weakening metacognitive control and independent planning without improving time
management skills (Sun et al., 2024).

Thus, familiarity with Al tends to improve students’ time management when
coupled with guided application, reflective practice, and institutional support. However,
without pedagogical frameworks that link Al literacy to practical self-management
strategies, its potential impact on students’ organization and efficiency may remain
underrealized. These dissimilarities in previous outcomes reveal a gap in the literature,
which led to the creation of hypothesis H5.

H5: There is a significant relationship between familiarity with Al and time management
skills.

2.8 The Relationship Between Duration of AI Use and Time Management Skills

The length of exposure to Al in learning environments is frequently linked with stronger
time-management capabilities because repeated use allows students to routinize
planning, monitoring, and task execution. According to (Bahroun et al., 2023; Tapalova &
Zhiyenbayeva, 2022) studies across higher education shows that when Al tools are used
over sustained periods, learners receive ongoing feedback, automated supports, and
adaptive prompts that streamline study routines, which in turn supports scheduling
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discipline and efficient allocation of effort. Furthermore, (Strzelecki, 2023; Xu et al., 2024)
suggest that continued interaction strengthens intention to use and normalizes Al within
daily study practices can translate into better organization and follow-through.
Institutional and policy perspectives converge on a similar point. When universities
integrate Al across courses and assessments, the accumulated use facilitates personalized
teedback loops, faster progress tracking, and leaner administrative processes, all of which
can free time for higher-order work and reduce coordination costs (Chan, 2023; Onesi-
Ozigagun et al., 2024; Kuleto et al., 2021). Likewise, reviews and field studies by (Fitria,
2023; Ebrahimi, 2023; Nikolopoulou, 2024; Herath, Ode, & Herath, 2025) add that longer
Al use within intelligent tutoring and self-directed settings helps students align tasks
with learning needs, refine self-designed plans, and complete assignments more
efficiently. Similarly, (George & Wooden, 2023; Calatayud, Espinosa, & Roig-Vila, 2021)
report that extended Al adoption can improve operational efficiency while supporting
students” time-management through tailored pathways and just-in-time support.

On the other hand, the relationship between duration of Al use and time
management skills is not uniformly positive. Studies by (Wang et al., 2025; Delcker et al.,
2024) do not find a direct link between duration of use and time-management. They argue
that time management skills depend on complementary skills, motivation, and targeted
training. Moreover, (Hua, 2023; Yim & Wegerif, 2024) emphasize that duration alone may
not shift behavioral outcomes when implementation barriers persist or when ethical and
infrastructural supports are weak. Broader organizational research also cautions that
longer adoption cycles demand significant change management and that outcomes can
vary when the surrounding work ecosystem is not aligned (Einola & Khoreva, 2022).

Therefore, the literature suggests that extended Al use most reliably improves
time-management when it is embedded within coherent pedagogy, transparent policies,
and user training that convert repeated exposure into deliberate, self-regulatory routines.
Hence, these dissimilar views reveal a gap in the literature, which led to the development
of hypothesis H6.

Hé: There is a significant relationship between duration of Al use and time management
skills.

2.9 The Relationship Between Time Management Skills and Students’ Academic
Performance

Time management has long been regarded as a crucial academic competency that
strengthens learning and achievement. Research by (Al-Yami et al., 2021; Abass &
Shalaby, 2021) demonstrates that students who master the ability to plan, prioritize, and
regulate their study schedules tend to perform significantly better in academic settings.
Moreover, studies by (Mariano et al., 2022; Muslim & Wahyuni, 2023) consistently reveal
that learners who manage their time efficiently achieve higher grade point averages, meet
deadlines more effectively, and experience lower stress levels compared to those who
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lack structured time-use strategies. Additionally, according to (Elmahdy & Anwer, 2023;
Hidayat & Hasim, 2023) state that improved time-management skills not only enhance
productivity but also reduces procrastination and cognitive overload, thereby promoting
consistent engagement and performance quality across diverse disciplines. Furthermore,
research by (Woods et al., 2024) highlights that effective time-management skills
contribute to the development of broader academic dispositions, such as self-discipline
and perseverance, which lead to academic performance. Empirical evidence also
supports that students who balance organizational responsibilities and academic
commitments tend to maintain stronger performance outcomes, suggesting that time-
management skills serve as a transferable skill applicable across both academic and
professional contexts (Syofyan, 2023; Ghafar, 2023).

Nevertheless, past literature also presents contrasting findings that moderate the
strength of this relationship. Studies by (Aeon et al., 2021; Ariarta et al., 2024) indicate that
time-management skills do not consistently predict academic outcomes, particularly
when confounding factors such as self-regulation, social support, and learning quality
are inadequately addressed. According to (Ngo, 2024; Aryal, 2024; Suan, 2023) students
acknowledge the importance of managing time but perceive its impact on performance
as secondary to motivation, reflection, or emotional well-being. Evidence from discipline-
specific analyses even suggests that time-management skills may have limited predictive
power in certain subjects, such as mathematics, where conceptual mastery and cognitive
aptitude exert stronger influences (Ganzon & Edig, 2022).

Therefore, while effective time-management remains a foundational academic
skill, its influence on performance appears contingent upon contextual, motivational, and
disciplinary variables that either amplify or attenuate its impact. These disparities reveal
a gap in the literature, which led to the realisation of hypothesis H7.

H7: There is a significant relationship between time management skills and students’
academic performance.

2.10 Time Management Skills Mediate the Relationship between Frequency of AI Use
and Students’ Academic Performance

Studies suggest that time-management skills help mediate frequent Al use into tangible
academic gains because they shape how students plan, prioritize, and follow through.
Evidence from higher education contexts indicates that students who organize their
study time while using AI report clearer progress monitoring, better assignment
completion, and stronger outcomes. This points to the mediating effect of time
management skills between Al use frequency and academic performance elucidated by
(Capinding & Dumayas, 2024; Akavova et al., 2023). Moreover, (Abbas et al., 2023; Tiwari,
2023; Onesi-Ozigagun et al., 2024) found that personalization and timely feedback
improve workflow discipline, so students who adopt structured routines benefit more
from their regular Al engagement. Related work on learner—instructor interaction with
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Al systems by (Seo et al., 2021) noted that careful design helps students coordinate tasks
and communications, which reinforces the time-management skills pathway to academic
achievement. Studies of motivation and attitudes around Al tools by (Ali et al., 2023;
Amer et al., 2025) offer a complementary view, since positive orientations appear to
channel frequent Al use into productive behaviours that include planning and pacing.
This strengthens the indirect route from Al use frequency to academic performance.
Scoping and predictive reviews by (Buchanan et al., 2021; Fazil et al., 2024) in professional
programs likewise anticipate that structured time management skills will condition the
academic benefits of Al adoption across courses and competencies.

Contrarily, not all studies observe this mediating role. Some researchers argue that
Al affects performance directly through engagement or content support, without passing
through time-management improvements (Ezeoguine & Eteng-Uket, 2024; Crompton &
Song, 2021; Pinzolits, 2023). Additionally, analyses by (Sullivan et al., 2023; Dergaa et al.,
2023; Enriquez et al, 2025, Wang & Li, 2024) emphasize alternative explanatory
mechanisms, such as academic integrity concerns, stress, and readiness, that overshadow
planning behaviours or render them statistically insignificant. Moreover, surveys in
medical and technical education also report substantial Al interest alongside uneven skill
development, which complicates the translation from frequent use to better time
allocation (Stewart et al., 2023; Mehta et al., 2021; Yeadon & Hardy, 2024; Nguyen et al.,
2022).

Hence, the balance of evidence supports a conditional mediation story that
frequent Al use is more likely to yield higher academic performance when institutions
and courses explicitly cultivate time-management routines that harness personalization,
teedback, and task structuring. But when these routines are absent, the pathway weakens
or is overtaken by other factors. These differences in past breakthroughs reveal a gap in
the literature, which led to the development of hypothesis HS.

HS: There is a significant mediating role of time management skills in the relationship
between frequency of Al use and students” academic performance.

2.11 Time Management Skills Mediate the Relationship between Familiarity with Al
and Students” Academic Performance

Research increasingly recognizes that familiarity with AI can enhance students” academic
performance, but this relationship often operates indirectly through self-regulatory
behaviours such as time management skills. Studies by (Raisch & Krakowski, 2021;
Tabesh, 2021) indicate that students who are both knowledgeable about Al and capable
of organizing their time effectively tend to integrate these tools more productively into
their academic routines, which leads to better academic performance. According to
(Capinding & Dumayas, 2024; Fazil et al., 2024) familiarity with AI allows learners to
capitalize on automation, personalized feedback, and adaptive systems. However,
without structured time management skills, these benefits may remain underutilized.
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Empirical evidence shows that time management skills act as a behavioral bridge,
enabling students to convert theoretical AI knowledge into sustained academic
productivity, particularly when they apply scheduling, monitoring, and prioritization
strategies to their learning activities (Jingyu et al., 2024; Song, 2025). Furthermore, studies
on Al literacy and educational design by (Nazari et al., 2021; Almaraz-Lopez et al., 2023;
Kouam, 2024) reveal that combining familiarity with AI and disciplined time
management skills enhances decision-making and motivation, which fosters a
continuous learning culture in digital classrooms.

Contrarywise, not all research confirms this mediating relationship. Investigations
by (Crompton & Burke, 2023; Bahroun et al., 2023; Grassini, 2023) report that time
management skills do not significantly influence how familiarity with Al translates into
academic performance. This suggests that AI competence may exert a direct or context-
specific impact. Moreover, studies by (Wang, 2022; Sukor ef al., 2021; Shehri et al., 2023;
Li & Lin, 2025) highlight that emotional, motivational, and contextual variables such as
engagement, self-efficacy, or prompt-engineering ability can overshadow time
management skill's mediating role. Additionally, according to (Ghalia et al., 2024; Curtis,
2023), familiarity with Al may improve academic outcomes independently when learners
intuitively adapt technology to their needs, even without deliberate scheduling or time
management skills.

Thus, the evidence from the literature suggests that time management skills
strengthen the academic benefits of Al familiarity by converting awareness into effective
performance behaviours. At the same time, its influence is conditional, and evident when
students are both Al literate and capable of self-regulating their study time within
structured and technology-supported learning environments. These variances in
previous findings reveal a gap in the literature, which led to the realisation of hypothesis
HO.

H9: There is a significant mediating role of time management skills in the relationship
between familiarity with Al and students” academic performance

2.12 Time Management Skills Mediate the Relationship between Duration of AI Use
and Students” Academic Performance

Evidence from recent literature suggests that time management skills can play a pivotal
role in enhancing the positive effects of prolonged AI use on academic performance.
Several studies demonstrate that students who effectively manage their study schedules
while using Al tools tend to experience higher academic achievement, as they can balance
the advantages of technology with disciplined learning behavior. Research by (Zhang &
Zhang, 2022; Bahroun et al., 2023) shows that efficient time management skills not only
mitigate procrastination but also help students use Al technologies to optimize their
learning pace and task completion. This improves their grades and reduces stress.
Moreover, (Hong et al., 2021; Yu, 2023; Fazil et al., 2024) emphasize that time management
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skills serve as a critical mediator that amplifies the benefits of extended AI use. This
allows students to sustain focus, set realistic goals, and engage with Al-driven tasks more
strategically. Furthermore, findings from higher education by (Lodge et al., 2023; Al-
Abdullatif, 2023) reveal that consistent Al engagement, when coupled with structured
time allocation, can enhance students’ metacognitive regulation and performance
efficiency. Therefore, leading to improved academic outcomes.

In contrast, several studies reveal that time management skills do not significantly
mediate the relationship between Al use duration and academic performance.
Researchers (Mariano et al., 2022; Noraini et al., 2023; Makarenko et al., 2024) argue that
prolonged Al use produces mixed outcomes that are largely independent of students’
time management skill abilities. According to them, factors such as digital literacy, ethical
awareness, and cognitive load may play a more decisive role in determining academic
performance. Additionally, (Cayir, 2023; Xing, 2023; Begum, 2024) find that Al's
educational impact often occurs directly, bypassing the moderating influence of self-
regulatory behaviours like time management skills. This suggests that its effectiveness
depends more on instructional design and integration quality.

Therefore, the reviewed past studies indicate that time management skills mediate
the relationship between Al use duration and academic performance only when students
maintain discipline and intentional engagement. Conversely, its mediating influence
appears conditional. It functions effectively only when Al use is structured, ethically
guided, and aligned with learner self-regulation strategies. These contradictory findings
reveal a gap in the literature, which led to the formation of hypothesis H10.

H10: There is a significant mediating role of time management skills in the relationship
between duration of Al use and students’ academic performance.

2.13 Proposed Conceptual Framework

The purpose of this study is to examine how students’ interaction with artificial
intelligence, particularly in terms of frequency, familiarity, and duration of use,
influences their academic performance. Time management functions as a mediating
factor in this study. The proposed conceptual framework in Figure 1 is grounded in
Zimmerman's Self-Regulated Learning theory (Zimmerman, 1989), which emphasizes
how learners plan, monitor, and evaluate their study activities to achieve better
performance. When students manage their time effectively, they can organize their
learning processes, maintain focus, and use Al tools more strategically. Through
consistent self-regulation, effective time management transforms AI usage into
meaningful learning behaviours that contribute to improved academic performance.
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Independent Variables Mediating Variable Dependent Variable

Time Management Skills

Frequency of Al Use

Student’s Academic
Performance

Familiarity with Al

Duration of Al Use

Figure 1: Proposed Conceptual Framework
3. Methodology

This study adopted a quantitative research design to examine how the frequency,
familiarity, and duration of Al tool use affect students” academic performance, with time
management serving as a mediating variable. The target population comprised of
students enrolled in three private universities located in Klang Valley, Selangor,
Malaysia, with an estimated total population of 9,000 students. Using (Krejcie & Morgan,
1970) tabulation, a sample size of approximately 368 respondents was determined as
sufficient to ensure reliability and statistical validity. Convenience sampling was
employed due to accessibility and time considerations, targeting students from business,
engineering, health science and social science majors. A total of 700 questionnaires were
distributed, and 341 responses were received. As some were incomplete, only 313
responses provided the data for analysis.

Data were collected using a structured, self-administered questionnaire divided
into four sections covering demographic details, Al usage patterns, time management
skills, and academic performance. All items were rated using a five-point Likert scale
adapted from validated instruments. Prior to the main data collection, a pilot test
involving 30 respondents was conducted to assess the reliability of the questionnaire. The
Cronbach’s alpha values for all constructs indicated strong internal consistency.

Data analysis was carried out using SPSS version 30. Descriptive statistics
summarized respondents” demographic characteristics, while inferential techniques such
as multiple regression and mediation analysis (Hayes PROCESS macro) tested the
study’s hypotheses. These methods enabled the evaluation of direct and indirect
relationships among variables, ensuring that the findings were both statistically robust
and theoretically meaningful.
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4. Findings and Interpretation

This section provides the findings of this study.

4.1 Reliability Test
Table 1: Reliability Test (N=30)

Variables ‘ Cronbach’s Alpha No of Items
Independent Variables
Frequency of Al Use 0.892 6
Familiarity With Al 0.881 7
Duration of Ai Use 0.914 7
Mediating Variable
Time Management Skills ‘ 0.936 ‘ 7
Dependent Variable
Students’ Academic Performance ‘ 0.893 ‘ 6

The internal consistency of all constructs was assessed using Cronbach’s Alpha, as
presented in Table 1. The reliability analysis demonstrates that all variables in the study
achieved high internal consistency, indicating that the items used to measure each
construct were reliable and cohesive. As shown in Table 1, Cronbach’s alpha values range
between 0.881 and 0.936, all exceeding the acceptable threshold of 0.70. The mediating
variable, time management skills, recorded the highest alpha value of 0.936, signifying
excellent reliability, while the independent and dependent variables also displayed

strong consistency. These results confirm that the measurement instruments were
dependable, ensuring that subsequent statistical analyses based on these constructs can

be interpreted with confidence and validity.

4.2 Normality Test (Q-Q Plot)

Figure 4.2.1 Frequency of Al Use Figure 4.2.2 Familiarity With Al

Normal Q-Q Plot of IV1_Frequency os Normal Q-Q Plot of IV2_Familiarity
- 5

Expected Normal Value
Expected Normal Value

) as 50
Observed Value Observed Value
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Figure 4.2.3 Duration of Al Use
Normal Q-Q Plot of IV3_Duration

Expected Normal Value

28 30 35 10 45 50 55

Observed Value

Figure 4.2.4 Students’' Academic Performance

o Normal Q-Q Plot of DV_SAP

Expected Normal Value

20 25 30 15 40

Observed Value

Expected Normal Value

Figure 4.2.5 Time Management Skills
Normal Q-Q Plot of MV_TMS

Observed Value

Figure 2: Q-Q Plot Results

The Q-Q plots in Figures 4.2.1 — 4.2.5 demonstrate that the data for all variables
(frequency of Al use, familiarity with Al, duration of Al use, time management skills, and
students” academic performance) are approximately normally distributed. The data
points closely align with the diagonal reference line, indicating minimal deviation from
normality. This linear alignment suggests that the residuals are symmetrically distributed
and that the assumption of normality is satisfied for each variable. As a result, the data
meet the statistical requirements for further parametric analysis, such as correlation and
regression testing, ensuring that the subsequent results are both reliable and valid for

interpretation.
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4.3 Demographic Profile of Respondents

Table 2: Demographic Profiles of Respondents (N = 313)

Categories ‘ Frequency ‘ Percentage
Age

18-24 93 29.7%
25-30 98 31.3%
31-40 114 36.4%
> 40 8 2.6%
Educational Level

Diploma 24 7.7%
Bachelor’s Degree 184 58.8%
Master’s Degree 105 33.6%
Doctorate 0 0.0%
Study Major

Business / Management 124 39.6%
Engineering / Technology 88 28.1%
Health Sciences 9 2.9%
Social Sciences 92 29.4%
Study Mode

Part-time 19 6.1%
Full-time 33 10.5%
Online learning 261 83.4%
Course Completion

1 course 17 5.4%
2 courses 4 1.3%
More than 3 courses 287 91.7%
None 5 1.6%

Table 2 presents the demographic characteristics of 313 respondents. The majority were
aged between 31-40 years old (36.4%). Most participants held a bachelor’s degree (58.8%).
In terms of study major, business and management students comprised the largest group
(39.6%). A significant portion of respondents engaged in online learning (83.4%),
reflecting the growing prevalence of digital education. Moreover, 91.7% had completed
more than three courses, indicating a highly experienced and academically active sample

population.

4.4 Correlation Analysis
To study the correlation between variables, the correlation test is done, and the analysis

is exhibited in Table 3.
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Table 3: Pearson’s Correlation Analysis Among Variables (N=313)

Variables FR FA DU TMS SAP
Frequency of Al use (FR) 1

Familiarity with Al (FA) 0.733 1

Duration of Al use (DU) 0.637 0.505 1

Time management skills (TMS) 0.705 0.539 0.802 1

Students’ academic performance (SAP) 0.709 0.835 0.536 0.550 1

Correlation is significant at the 0.01 level (2-tailed)

The Pearson’s correlation results in Table 3 reveal significant positive relationships
among all variables at the 0.01 level, indicating strong interconnections between Al-
related factors, time management skills, and students” academic performance. Familiarity
with AI shows the strongest association with academic performance (r = 0.835),
suggesting that students who better understand Al tend to perform well academically.
Frequency of Al use also demonstrates a strong correlation with performance (r = 0.709),
while duration of AI use (r = 0.536) shows a moderate link. Additionally, time
management skills correlate positively with all independent variables, emphasizing their
mediating role in enhancing learning outcomes.

4.5 Model Fit, Direct Effect, and Mediation Results
To provide a comprehensive overview of the findings, Table 4 integrates the model fit,
direct effect, and mediation outcome into a single table.

Table 4: Summary of Regression and Mediation Analyses (N=313)

Model Fit Mediation Path Mediation Path _— Indirect
. X-M Mediation
Predictor (R? for X—>M/ (Time Management X=Y Path M—Y Effect
—
X+M—Y) ¢ Vianageme (Direct Effect) 2 (95% CI)
Skills)
Frequency 0.497 / p=1.026, p=0.780, 5= WAL (([331= —ObonO
of Al Use 0.508 p <0.001 p <0.001 p=0.078 0.295)
=0.084
Familiarity 0.290 / B =0.705, p=0.833, p=0.119, (gl- 0.005
with AT 0.711 p <0.001 p<0.001 p <0001 186)
0.186)
Duration 0.644 / p=0.694, p=0.194, p=0.282, (g; 8(1)22
of AT Use 0.328 p <0.001 p <0.001 p=0001 0321)

Table 4 above examined how time management skills act as a mediator between
frequency, familiarity, and duration of Al use and students” academic performance. The
three models revealed a distinct pattern of influence, reflecting how students” interaction
with Al aligns with the mechanisms proposed in the Self-Regulated Learning (SRL)
framework.
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Firstly, the frequency of Al use model significantly predicted time management
skills (p = 1.026, p < 0.001), accounting for roughly 50% of its variance. When both
predictors were entered, the model explained 51% of the variance in academic
performance (R? = 0.508). Although frequent use of Al strongly improved students’
academic performance (3 = 0.780, p < 0.001), time management showed only a marginal
contribution (8 = 0.083, p = 0.078). The indirect effect was positive but insignificant (8 =
0.086, CI [-0.140, 0.295]). This suggests that frequent Al use enhances academic results
mainly through direct experience and exposure rather than through time-management
skills.

Secondly, in the familiarity with Al model, students” know-how with Al predicted
higher time management skills (3 = 0.705, p < 0.001), explaining 29% of the mediator’s
variance. When predicting academic performance, both familiarity (3 = 0.833, p <0.001)
and time management (3 =0.119, p <0.001) were significant, and the model captured 71%
of the variance. The indirect effect (3 = 0.084, CI [0.005, 0.186]) confirmed partial
mediation. This indicates that students familiar with AI tools not only achieve better
grades directly but also perform well because they plan their study time more efficiently.

Thirdly, in the duration of Al use model, the amount of time spent using Al was a
powerful predictor of time management (3 = 0.694, p < 0.001), explaining nearly 64% of
its variance. When predicting performance, both duration (3 = 0.194, p <0.001) and time
management (3 = 0.282, p < 0.001) remained significant, although the overall variance
explained by the model was lower (R? = 0.328). The indirect effect (3 = 0.196, CI [0.076,
0.321]) was statistically significant, showing that prolonged Al engagement fosters better
performance entirely through improved time management skills. Sustained exposure
likely strengthens organizational discipline and focus, key elements in the SRL model.

Hence, the results illustrate that frequency of Al use exerts a direct effect,
familiarity influences performance both directly and indirectly, and duration enhances
performance primarily through time management. These findings indicate that while
using Al tools can enhance students” academic performance, the benefits are strongest
when paired with good time management skills. These skills align with the principles of
Self-Regulated Learning model (Zimmerman, 1989), which highlights the importance of
students planning, monitoring, and managing their study time effectively. When
students take control of their learning process, they are better able to use Al tools
productively and achieve higher academic performance.

4.6 Summary of the Hypotheses Results
Table 5 below provides a summary of the hypothesis results obtained in this study.
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Table 5: Summary of the Hypotheses Results

No Hypothesis Result

m There is a signific,ant relati‘onship between frequency of Al Sy
use and students’ academic performance.

T There is a 51g,mf1cant r.elatlonshlp between familiarity with Al Supported
and students” academic performance.

H3 There is a signific,ant relati‘onship between duration of Al Sy
use and students’ academic performance.

4 There is a. significant relatlons.hlp between frequency of Al Supported
use and time management skills.

H5 There‘ is a significant relat.ionship between familiarity with Al S
and time management skills.

6 There is é significant relations.hip between duration of Al Supported
use and time management skills.

7 Th.ere isa significaflt relatio.nship between time management Sy sicad
skills and students” academic performance.

8 Time management skills mediate the relationship between Not
frequency of Al use and students’ academic performance. supported
Time management skills mediate the relationship between

H9 e , . Supported
familiarity with Al and students’ academic performance.

H10 Time -management skills mediat’e the rela.tionship between Supported
duration of Al use and students’ academic performance.

The findings in Table 5 show that most of the proposed hypotheses were supported. The
results indicate that frequent, familiar, and prolonged use of Al tools contributes
positively to students’ academic performance. These factors also enhance time
management abilities, suggesting that students who use Al regularly tend to organize
and plan their studies more effectively. The mediation analysis revealed that time
management skills play a significant role in familiarity and duration of Al use, but not
for frequency. Hence, these outcomes suggest that academic performance is achieved
when Al engagement is complemented by effective time management skills.

5. Discussion

This discussion section integrates the findings and analyses to explain how the frequency,
familiarity, and duration of Al use influence students” academic performance through
the mediating role of time management skills. The results confirm that Al engagement
significantly enhances academic performance, but the nature of its effect varies
depending on how often students use Al, how well they understand it, and how long
they have been using it.

The answer for RQ1 and hypothesis H1 demonstrate that the frequency of Al use
significantly predicts students’ academic performance. Frequent engagement with Al
tools yielded a strong direct effect (3 = 0.780, p < 0.001), indicating that students who
consistently use Al achieve higher academic results. This supports the assertions of
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(Abbas et al., 2023; Abubakar et al., 2024), who found that frequent Al use enhances
learning efficiency and motivation. However, the mediation analysis revealed that time
management skills did not significantly mediate this relationship. This implies that
frequent Al users may rely more on immediate technological feedback rather than
deliberate planning. This finding echoes the concern raised by (Abuzaid et al., 2022;
Klimova et al., 2023) that excessive Al reliance may reduce critical thinking and structured
learning habits.

Responding to RQ2 and hypothesis H2, familiarity with Al was found to be a
strong predictor of academic performance. Students who were more familiar with Al
tools achieved better academic performance (8 = 0.833, p < 0.001), which supports the
arguments of (Chan & Hu, 2023; Xie, 2023) that Al literacy enables effective self-regulated
learning. Importantly, the mediation analysis revealed a significant indirect effect
through time management skills (8 = 0.084, 95% CI [0.005, 0.186]), confirming that
familiarity fosters both direct and indirect academic benefits. This implies that students
who understand Al better are not only more capable of using it productively but also
more disciplined in organizing their study schedules. Moreover, this aligns with the
principles of Self-Regulated Learning model (Zimmerman, 1989).

The results addressing RQ3 and hypothesis H3 show that the duration of Al use
significantly predicts academic performance (3 =0.194, p <0.001). This finding aligns with
studies by (Deng & Yu, 2023; Mishra, 2025), which suggest that sustained Al use enhances
problem-solving and analytical reasoning. The mediation effect through time
management skills was significant (8 = 0.196, 95% CI [0.076, 0.321]), demonstrating that
longer Al exposure enhances academic performance primarily by strengthening
students” time-management abilities. This finding supports the view that repeated and
purposeful engagement with Al cultivates self-discipline and structured learning
behaviour.

RQ4 to RQ6 examined the relationships between Al engagement and time
management skills. The results indicate that frequency ( = 1.026, p < 0.001), familiarity
(B =0.705, p < 0.001), and duration (3 = 0.694, p < 0.001) of Al use each have significant
positive effects on time management skills. These findings are consistent with (Meron &
Araci, 2023; Strzelecki, 2023), who observed that frequent and prolonged Al interaction
promotes better organization and scheduling. This reinforces the notion that Al tools can
enhance cognitive regulation when integrated thoughtfully into learning routines.

Answering RQ7 and hypothesis H7, time management skills significantly
predicted academic performance (3 = 0.282, p < 0.001), aligning with previous research
by (Al-Yami et al., 2021; Woods et al., 2024), who emphasized that effective planning and
prioritization improve academic outcomes. This relationship illustrates that Al tools
achieve their full potential when combined with learners’ self-regulatory abilities.

The mediation results related to RQ8-RQ10 reveal distinct patterns. Time
management skills did not mediate the relationship between frequency of Al use and
performance (3=0.086, 95% CI [-0.140, 0.295]). This shows a direct, rather than an indirect
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effect. However, mediation was evident in the relationships involving familiarity (8 =
0.084, 95% CI [0.005, 0.186]) and duration (8 = 0.196, 95% CI [0.076, 0.321]). These
outcomes confirm that students’ understanding and sustained use of Al influence
academic success most strongly when coupled with strong time management practices.
This is consistent with the findings by (Capinding & Dumayas, 2024; Zhang & Zhang,
2022), who observed that structured time regulation transforms Al interaction into
effective academic behaviours.

Thus, the results affirm that frequency, familiarity, and duration of Al use
significantly contribute to students’ academic performance, although the underlying
mechanisms differ. Frequency of use exerts a direct influence, while familiarity and
duration operate through both direct and mediated pathways. The findings collectively
validate the Self-Regulated Learning model by (Zimmerman, 1989). This proves that Al-
enhanced education is most effective when students actively plan, monitor, and reflect
on their learning through sound time management skills. This study, therefore,
contributes empirical evidence that supports the integration of Al literacy and self-
regulation training in higher education, particularly in Malaysian universities where
online learning is becoming increasingly prevalent. By developing structured time
management habits alongside Al adoption, students can achieve more sustainable and
meaningful academic growth.

6. Conclusion

This study's primary objective lies in investigating the relationship between AI
engagement (frequency, familiarity, and duration) and students” academic performance
in higher education. The aim of this study is also to explore the mediating effect of time
management skills on these relationships.

The first research objective RO1 explored how the frequency of Al use affects
students” academic performance. The results revealed that regular interaction with Al
tools improved academic outcomes by enhancing engagement and learning efficiency, as
highlighted by (Abbas et al., 2023; Abubakar et al., 2024). This study therefore confirms
that repeated Al use can support the performance phase of the SRL model (Zimmerman,
1989), where learners monitor and adjust their learning strategies. However, the
insignificant mediating effect of time management skills suggests that frequent Al use
may influence performance directly rather than through deliberate behavioural control.
This narrows the literature gap noted by (Abuzaid et al., 2022; Klimova et al., 2023), who
questioned whether habitual technology use enhances or undermines academic self-
regulation.

The second research objective RO2 examined the relationship between familiarity
with AI and academic performance. The findings showed that students with higher Al
familiarity achieved stronger academic outcomes, aligning with the works of (Chan &
Hu, 2023; Xie, 2023). The results also confirmed a partial mediation through time
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management skills. This result implies that understanding AI tools not only enables
better task execution but also fosters greater autonomy in learning. This supports the
forethought phase of the SRL model (Zimmerman, 1989), where knowledge and planning
influence motivation and goal setting. The outcome bridges the earlier research divide by
showing that Al familiarity leads to effective academic behaviours when students are
trained to apply it reflectively rather than dependently, a position debated by (AlZaabi
et al., 2023; Zhang et al., 2024).

The third research objective RO3 investigated the duration of Al use in relation to
academic performance. Prolonged Al engagement was found to improve academic
performance. This supports the findings of (Deng & Yu, 2023; Mishra, 2025). The results
indicated that extended AI exposure enhances students” academic achievements. This
confirms that consistent and structured interaction with Al nurtures persistence and self-
discipline, in line with the SRL model (Zimmerman, 1989). This finding addresses the
ambiguity noted by (Sun & Zhou, 2024; Shah et al., 2025), who observed inconsistent
outcomes regarding long-term Al use, by clarifying that meaningful duration yields
benefit when guided by reflective learning practices.

The fourth, fifth, and sixth research objectives (RO4 — RO6) focused on the
relationship between Al engagement and time management skills. The results confirmed
that frequent, familiar, and prolonged AI use each contributed positively to students’
ability to plan and manage their time effectively. This supports (Meron & Araci, 2023;
Bhatnagar & Raja, 2025). Therefore, this reinforces the proposition that Al can serve as a
cognitive foundation that aids students in structuring their academic routines. However,
it also validates the caution raised by (Han ef al., 2023) who warned that overuse of Al
without guidance may weaken self-regulatory behaviour. By revealing the balance
between efficiency and dependency, the study narrowed the theoretical uncertainty
about whether Al improves or undermines time-control strategies.

The seventh research objective (RO7) investigated the relationship between time
management skills and students” academic performance. The results supported previous
tindings by (Al-Yami et al., 2021; Woods et al., 2024), who confirm that well-developed
time management skills enhance academic performance. Within the SRL framework
(Zimmerman, 1989), this finding reflects the learner’s ability to translate goal setting and
progress monitoring into consistent academic achievement. It also reconciles conflicting
observations by (Aeon et al., 2021; Ariarta et al., 2024), who suggested that contextual
factors may weaken this relationship.

The final three research objectives (RO8 — RO10) explored the mediating effect of
time management skills on the relationships between AI variables and academic
performance. The findings revealed that time management skills mediated the effects of
Al familiarity and duration but not frequency. This demonstrates that while frequent use
produces direct learning benefits, familiarity and sustained engagement improve
outcomes through organized study behaviours. These results support (Capinding &
Dumayas, 2024; Zhang & Zhang, 2022), who observed that self-regulatory skills
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transform Al use into measurable academic performance. The mediation findings
provide a critical theoretical contribution by linking technological engagement with
behavioural regulation. This clarifies how SRL processes by (Zimmerman, 1989) interact
with Al-supported learning environments.

Hence, this research contributes to the growing body of evidence that Al
engagement must be coupled with self-regulatory capacity to yield sustainable academic
performance. It strengthens the Self-Regulated Learning model (Zimmerman, 1989) by
showing that Al tools can function as instruments of autonomy rather than dependency
when integrated with disciplined time management skills. Additionally, this research
bridges existing theoretical gaps by demonstrating that academic performance is not
determined solely by access to technology but by how students strategically manage their
learning processes within Al-mediated environments. Consequently, universities in
Malaysia can benefit from adopting educational frameworks that integrate Al literacy
with structured self-regulation training. This will foster a generation of learners who are
both technologically skilled and behaviourally self-directed.

7. Limitations and Future Research

This study focused on wuniversity students in Klang Valley, limiting broader
generalization. Future research could explore larger or cross-regional samples, include
qualitative insights, and examine additional mediating or moderating variables such as
motivation, self-efficacy, or digital literacy to better understand how artificial intelligence
enhances academic achievement across diverse learning contexts.
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