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Abstract 
The integration of Artificial Intelligence (AI) in higher education has 
revolutionized academic performance monitoring through predictive analytics. 
This study investigates the impact of AI-based predictive analytics on improving 
academic performance in Pakistani universities, with digital literacy as a 
moderating factor. A quantitative research design was employed, collecting 
primary data from 300 students across multiple disciplines using a structured 
questionnaire. Data analysis was conducted using Partial Least Squares 
Structural Equation Modeling (PLS-SEM). Results indicate that AI-based 
predictive analytics significantly enhances academic performance by providing 
personalized learning insights and early interventions. Furthermore, digital 
literacy strengthens this relationship, suggesting that students with higher digital 
competencies can better utilize AI tools for improved learning outcomes. The 
findings contribute to the literature on AI adoption in education and emphasize 
the importance of integrating digital literacy programs to maximize the benefits 
of AI-driven academic interventions. Practical implications for educators and 
policymakers include designing AI-supported learning environments and 
promoting digital skill development to foster student success. 
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INTRODUCTION 
The rapid advancement of digital technologies has 
significantly transformed the global education 
sector, particularly through the integration of 
Artificial Intelligence (AI) and data-driven 
decision-making tools. Artificial Intelligence–
based predictive analytics has emerged as a 
powerful technology capable of analyzing large 

educational datasets, identifying learning patterns, 
and forecasting students’ academic outcomes. 
Universities worldwide are increasingly adopting 
AI-driven learning analytics systems to monitor 
student progress, personalize learning experiences, 
and support early academic interventions aimed at 
improving student performance and retention 
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(Morales Tirado et al., 2024). These technologies 
utilize machine learning algorithms and 
educational data mining techniques to detect at-
risk students, predict academic success, and 
recommend adaptive learning pathways tailored to 
individual learners.  
The global expansion of AI in education reflects 
the growing demand for personalized and 
technology-driven learning environments. AI-
powered predictive analytics can process vast 
amounts of student data—including attendance, 
assessment scores, engagement levels, and online 
learning activities—to generate actionable insights 
for instructors and administrators. Such analytics 
enable universities to develop proactive strategies 
that enhance learning outcomes and institutional 
effectiveness. Empirical studies have shown that 
AI-integrated learning systems can significantly 
improve academic performance by providing 
adaptive learning materials and personalized 
feedback, enabling students to learn at their own 
pace and address individual knowledge gaps 
(Ahmed et al., 2025).  
In higher education, predictive analytics also plays 
a critical role in learning analytics and institutional 
decision-making. By analyzing historical and real-
time educational data, AI systems support 
academic advisors and faculty members in 
identifying students who may be at risk of poor 
performance or dropout. For instance, research 
conducted in Pakistani universities found that AI-
based learning analytics significantly improved 
student academic outcomes and enhanced 
institutional decision-making processes by 
enabling data-driven planning and resource 
allocation (Bukhari et al., 2025). 
Despite the growing global adoption of AI 
technologies, the integration of AI-based 
predictive analytics in Pakistani universities 
remains at an early stage. Studies indicate that 
although approximately 72% of university 
stakeholders are aware of AI technologies, only 
about 22% of institutions have implemented AI 
applications, often limited to pilot initiatives 
rather than fully integrated systems. Key barriers 
include limited financial resources, inadequate 
technological infrastructure, and insufficient 
technical expertise among academic staff. (These 

challenges highlight the need for a deeper 
understanding of the factors that influence the 
successful adoption and effectiveness of AI-based 
educational technologies in the Pakistani higher 
education context. 
One critical factor that may influence the 
effectiveness of AI-driven predictive analytics is 
digital literacy. Digital literacy refers to 
individuals’ ability to effectively access, evaluate, 
and utilize digital technologies for learning, 
communication, and problem-solving. In the 
context of AI-enhanced education, students with 
higher digital literacy are more capable of 
interpreting analytics-driven feedback, interacting 
with AI-enabled learning platforms, and utilizing 
digital tools to improve their academic 
performance. Conversely, limited digital literacy 
may restrict students’ ability to fully benefit from 
AI-based educational systems, thereby reducing 
their impact on learning outcomes. 
Recent educational technology research highlights 
that the effectiveness of AI-driven learning systems 
depends not only on technological availability but 
also on users’ competencies and readiness to 
engage with digital tools. Students’ technological 
skills and digital confidence influence how 
effectively they interact with AI platforms, 
interpret predictive insights, and adopt 
personalized learning strategies. Therefore, digital 
literacy may serve as an important moderating 
factor that strengthens or weakens the relationship 
between AI-based predictive analytics and 
academic performance. 
Given the increasing digital transformation of 
higher education and the emerging adoption of AI 
technologies in Pakistan, it is essential to 
investigate how AI-based predictive analytics can 
enhance student academic performance and what 
contextual factors influence this relationship. This 
study aims to examine the impact of Artificial 
Intelligence–based predictive analytics on 
academic performance in Pakistani universities, 
while also exploring the moderating role of digital 
literacy in shaping this relationship. By addressing 
this research gap, the study contributes to the 
growing literature on AI in education and 
provides practical insights for policymakers, 
university administrators, and educators seeking 
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to leverage predictive analytics to improve 
educational outcomes in developing countries. 
Problem Statement 
The rapid integration of digital technologies in 
higher education has created new opportunities 
for improving learning outcomes through 
Artificial Intelligence (AI)–based predictive 
analytics. AI-driven educational systems can 
analyze large volumes of student data to identify 
learning patterns, predict academic risks, and 
provide personalized recommendations that 
enhance student performance. Globally, 
universities are increasingly adopting predictive 
analytics tools to support data-driven decision-
making and improve academic success rates. 
However, the adoption and effective utilization of 
these technologies in Pakistani universities remain 
limited and uneven. 
Although several universities in developed 
countries have successfully implemented AI-
powered learning analytics systems, many higher 
education institutions in Pakistan still rely on 
traditional methods of monitoring student 
performance. This gap limits the ability of 
universities to detect early academic difficulties, 
provide timely interventions, and optimize 
learning strategies. Moreover, even when AI-based 
educational tools are introduced, their 
effectiveness may vary depending on students’ 
ability to understand and interact with digital 
technologies. 
One key factor influencing the success of AI-
enabled learning systems is digital literacy, which 
refers to the ability to access, evaluate, and 
effectively use digital technologies for learning 
purposes. Students with higher levels of digital 
literacy are more capable of interpreting predictive 
feedback, utilizing digital learning platforms, and 
applying AI-generated recommendations to 
improve their academic performance. Conversely, 
limited digital literacy may reduce the effectiveness 
of AI-based predictive analytics by restricting 
students’ engagement with these systems. 
Despite the growing importance of AI 
technologies in education, empirical research 
examining the relationship between AI-based 
predictive analytics and academic performance in 
the context of Pakistani universities remains 

scarce. Furthermore, limited attention has been 
given to the moderating role of digital literacy in 
influencing the effectiveness of AI-driven 
educational tools. Therefore, this study aims to 
examine the impact of Artificial Intelligence–
based predictive analytics on improving academic 
performance in Pakistani universities while 
investigating the moderating role of digital literacy 
in this relationship. 
 
Research Questions 
1. How does Artificial Intelligence–based 
predictive analytics influence academic 
performance in Pakistani universities? 
2. To what extent does AI-based predictive 
analytics support data-driven learning and 
academic improvement among university 
students? 
3. What is the role of digital literacy in 
enhancing students’ ability to utilize AI-based 
predictive analytics systems? 
4. Does digital literacy moderate the 
relationship between AI-based predictive analytics 
and academic performance in Pakistani 
universities? 
 
Research Objectives 
1. To examine the impact of Artificial 
Intelligence–based predictive analytics on 
academic performance in Pakistani universities. 
2. To analyze the effectiveness of AI-driven 
learning analytics in improving students’ academic 
outcomes. 
3. To investigate the role of digital literacy in 
students’ interaction with AI-based educational 
technologies. 
4. To evaluate the moderating effect of 
digital literacy on the relationship between AI-
based predictive analytics and academic 
performance. 
 
Significance of the Study 
The integration of Artificial Intelligence (AI)–
based predictive analytics in higher education has 
the potential to transform traditional learning 
systems by enabling data-driven academic decision-
making and personalized learning environments. 
This study is significant because it contributes to 
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the growing body of research on AI in education, 
particularly within the context of Pakistani 
universities, where the adoption of advanced 
educational technologies remains relatively 
limited. By examining the relationship between 
AI-based predictive analytics and students’ 
academic performance, this research provides 
valuable insights into how universities can leverage 
intelligent systems to enhance learning outcomes 
and institutional effectiveness. 
First, this study contributes to the academic 
literature on educational technology and learning 
analytics by exploring how AI-driven predictive 
systems can identify learning patterns, forecast 
student performance, and provide early academic 
interventions. Learning analytics tools allow 
universities to analyze large datasets from learning 
management systems, attendance records, and 
assessment results to predict academic success and 
support at-risk students. Such analytics provide 
instructors with actionable insights that enable 
timely feedback and targeted support, thereby 
improving academic performance and reducing 
dropout rates.  
Second, the study offers practical implications for 
policymakers, university administrators, and 
educators in Pakistan. The findings can guide 
universities in developing strategies for integrating 
AI-driven predictive analytics into teaching and 
learning processes. By understanding how 
predictive systems influence academic 
performance, educational institutions can design 
more effective digital learning environments, 
improve student monitoring systems, and allocate 
institutional resources more efficiently. 
Third, this study highlights the importance of 
digital literacy as a moderating factor in the 
successful implementation of AI-based 
educational technologies. Digital literacy enables 
students to interact effectively with AI systems, 
interpret predictive insights, and utilize digital 
learning tools to enhance their academic 
performance. Research indicates that students 
with stronger AI and digital literacy skills 
demonstrate higher engagement, better usability 
perceptions, and improved learning outcomes 
when using AI-powered educational tools.  

Fourth, the study provides policy-level 
implications for the digital transformation of 
higher education in Pakistan. As universities 
increasingly adopt digital learning platforms and 
AI-based educational technologies, understanding 
the factors that influence their effectiveness 
becomes crucial. The findings of this research can 
support national initiatives aimed at promoting 
digital education, strengthening technological 
infrastructure, and developing digital 
competencies among students and educators. 
Finally, this research contributes to the sustainable 
development of higher education systems by 
highlighting the role of AI-driven analytics in 
improving academic performance and 
institutional efficiency. As AI technologies 
continue to reshape educational environments 
worldwide, this study offers empirical evidence 
that can assist universities in developing evidence-
based strategies for AI adoption, ultimately 
enhancing the quality and competitiveness of 
higher education in Pakistan. 
 
Literature Review 
Artificial Intelligence in Higher Education 
Artificial Intelligence has rapidly emerged as a 
transformative technology in higher education, 
enabling innovative approaches to teaching, 
learning, and academic management. AI 
technologies such as machine learning, intelligent 
tutoring systems, and predictive analytics allow 
universities to analyze large volumes of 
educational data and generate insights that 
support student learning and institutional 
decision-making. Recent studies indicate that AI-
driven educational tools have significantly 
improved academic innovation by providing 
personalized learning experiences, adaptive 
content delivery, and automated feedback 
mechanisms (Younas & El-Dakhs, 2025).  
The global adoption of AI in education has 
accelerated in recent years due to rapid 
technological advancements and the digital 
transformation of educational institutions. AI-
based systems are increasingly used to monitor 
student engagement, track learning progress, and 
recommend personalized learning strategies that 
enhance academic outcomes. Furthermore, AI 
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technologies are capable of analyzing complex 
datasets that traditional educational systems often 
struggle to interpret, enabling more effective 
decision-making in academic institutions.  
 
AI-Based Predictive Analytics in Education 
Predictive analytics is one of the most significant 
applications of AI in higher education. It involves 
the use of statistical algorithms, machine learning 
models, and educational data mining techniques 
to analyze historical and real-time data in order to 
predict future academic outcomes. Predictive 
models can analyze variables such as attendance 
records, learning management system 
interactions, assessment scores, and engagement 
levels to identify students who may be at risk of 
academic failure. 
Studies have demonstrated that predictive 
analytics systems can significantly improve student 
performance by enabling early interventions and 
personalized support mechanisms. By analyzing 
behavioral and cognitive learning indicators, AI-
driven learning analytics platforms can predict 
academic performance and provide actionable 
insights to instructors and administrators.  
Moreover, learning analytics platforms can 
monitor students’ online learning behavior and 
engagement patterns through digital learning 
management systems. These systems generate 
visual dashboards and predictive reports that allow 
instructors to monitor students’ academic progress 
and provide timely feedback. Research indicates 
that analyzing learning management system usage 
data can successfully predict students’ grades and 
academic success.  
Predictive models also help universities implement 
early warning systems that identify at-risk students 
and provide targeted academic support. Research 
has shown that AI-driven student support systems 
can reduce course failure rates and improve 
cumulative grades by identifying academic risks 
and implementing timely interventions.  
 
AI-Based Predictive Analytics and Academic 
Performance 
A growing body of research highlights the positive 
impact of AI-based predictive analytics on 
academic performance. AI-powered learning 

systems provide personalized learning pathways, 
adaptive learning materials, and real-time feedback 
that enable students to improve their academic 
outcomes. These systems allow educators to tailor 
instruction according to individual learning 
needs, thereby enhancing students’ learning 
experiences and academic achievements. 
Research suggests that predictive analytics tools 
can improve academic performance by identifying 
learning difficulties at early stages and 
recommending appropriate academic 
interventions. By providing personalized learning 
recommendations, AI systems help students 
address knowledge gaps, improve learning 
efficiency, and enhance academic success. 
Furthermore, AI-driven analytics enable 
universities to develop data-driven academic 
support strategies, which include tutoring services, 
mentoring programs, and adaptive learning 
platforms. These strategies can significantly 
improve students’ academic performance, 
engagement, and retention rates in higher 
education institutions. 
 
Digital Literacy in AI-Driven Education 
Digital literacy refers to the ability to access, 
evaluate, and utilize digital technologies effectively 
for learning, communication, and problem-
solving. In the context of AI-based education, 
digital literacy plays a crucial role in determining 
how effectively students interact with AI systems 
and utilize predictive analytics insights. 
Students with higher digital literacy levels are more 
capable of understanding AI-generated 
recommendations, interpreting predictive 
insights, and applying them to improve their 
academic performance. Studies have found that 
AI literacy significantly influences students’ 
satisfaction, engagement, and perceived learning 
effectiveness when interacting with AI-powered 
educational systems.  
Recent empirical research also indicates that 
students’ AI literacy positively influences their 
academic performance, self-efficacy, and ability to 
effectively use AI tools in educational 
environments. Students who possess strong digital 
competencies are more likely to benefit from AI-
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based educational technologies and demonstrate 
improved academic outcomes.  
Although numerous studies have examined the 
impact of AI technologies and learning analytics 
on education, limited research has focused on the 
combined relationship between AI-based 
predictive analytics, digital literacy, and academic 
performance in developing countries, particularly 
in Pakistan. Most existing studies concentrate on 
developed countries where digital infrastructure 
and technological readiness are relatively 
advanced. 

Furthermore, previous research has largely focused 
on the direct impact of AI technologies on 
learning outcomes, while relatively little attention 
has been given to the moderating role of digital 
literacy in strengthening or weakening the 
effectiveness of AI-based predictive analytics 
systems. Therefore, this study aims to address this 
gap by investigating the impact of AI-based 
predictive analytics on academic performance in 
Pakistani universities and examining how digital 
literacy moderates this relationship. 

 
Conceptual Framework 
 

 
 
Research Hypotheses 
H1: Artificial Intelligence–based predictive 
analytics has a significant positive effect on 
academic performance in Pakistani universities. 
H2: Artificial Intelligence–based predictive 
analytics significantly enhances students’ learning 
efficiency and academic outcomes. 
H3: Digital literacy has a significant positive effect 
on students’ academic performance. 
H4: Digital literacy significantly moderates the 
relationship between AI-based predictive analytics 
and academic performance such that the 
relationship becomes stronger when digital 
literacy is high. 
 
 
 

Methodology 
Research Design 
This study adopts a quantitative research design 
using a cross-sectional survey approach to examine 
the impact of AI-based predictive analytics (AIPA) 
on academic performance (AP) in Pakistani 
universities. The study also investigates Learning 
Engagement (LE) as a mediating variable and 
Digital Literacy (DL) as a moderating variable. A 
cross-sectional design is suitable for assessing 
relationships between variables at a single point in 
time and is widely used in educational and 
management research (Creswell, 2014). 
Population and Sample 
The population consists of students and faculty 
members from public and private universities in 
Pakistan that have implemented AI-based 

https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7030


Spectrum of Engineering Sciences   
ISSN (e) 3007-3138 (p) 3007-312X   
 

https://thesesjournal.com                        | Ali et al., 2026 | Page 173 

predictive analytics tools in academic settings. A 
purposive sampling technique is employed to 
select participants who have at least six months of 
exposure to AI-based predictive systems. Using 
Cohen's (1992) guidelines and G*Power analysis, 
a sample size of 250–300 respondents is 
considered adequate to detect medium effect sizes 
with 0.80 statistical power at a 5% significance 
level. 
 
Data Collection Instrument 
Data is collected using a structured questionnaire 
divided into four sections: 
1. AI-Based Predictive Analytics (AIPA) – 
measured using a 5-item scale adapted from recent 
studies on AI in education (e.g., Wang et al., 
2023), focusing on predictive accuracy, feedback 
timeliness, and system usability. 
2. Learning Engagement (LE) – measured 
using the Utrecht Work Engagement Scale 
adapted for academic contexts (Schaufeli et al., 
2006; Al-Harbi & Almutairi, 2024). 
3. Digital Literacy (DL) – measured using a 
6-item scale assessing students’ and faculty’s 
competency in using digital tools, interpreting AI 
outputs, and technology confidence (Ng, 2012; 
Khan et al., 2022). 
4. Academic Performance (AP) – measured 
using GPA, course grades, or self-reported 
performance indicators validated in prior research 
(Alam & Farooq, 2021; Ahmed et al., 2023). 
All items use a 5-point Likert scale (1 = strongly 
disagree, 5 = strongly agree). 
Pilot Testing and Reliability 
The instrument is pilot-tested with 30 respondents 
to ensure clarity, reliability, and validity. 
Cronbach’s alpha values exceeding 0.70 are 
considered acceptable for internal consistency 
(Hair et al., 2019). 
Data Analysis 
Data is analyzed using Partial Least Squares 
Structural Equation Modeling (PLS-SEM) via 
SmartPLS 4. The analysis involves: 
1. Measurement Model Assessment – 
ensuring convergent validity (AVE > 0.50), 
composite reliability (>0.70), and discriminant 
validity (Fornell-Larcker criterion). 

2. Structural Model Assessment – testing 
direct effects (AIPA → AP), mediating effects 
(AIPA → LE → AP), and moderating effects (DL 
moderating direct and indirect paths). 
Bootstrapping with 5,000 resamples is applied to 
assess significance. 
3. Mediation and Moderation Analysis – 
conducted following Preacher, Rucker, and Hayes 
(2007) to evaluate conditional indirect effects. 
 
Model Equation 
The proposed moderated mediation model can be 
expressed as follows: 
Step 1 – Mediator Model (Learning 
Engagement): 
LEi=α0+β1AIPAi+ε1LE_i = \alpha_0 + \beta_1 
AIPA_i + \varepsilon_1LEi=α0+β1AIPAi+ε1  
 
Step 2 – Dependent Variable Model (Academic 
Performance with Moderation): 
APi=γ0+β2AIPAi+β3LEi+β4(AIPAi×DLi)+β5(LE
i×DLi)+ε2AP_i = \gamma_0 + \beta_2 AIPA_i + 
\beta_3 LE_i + \beta_4 (AIPA_i \times DL_i) + 
\beta_5 (LE_i \times DL_i) + \varepsilon_2APi
=γ0+β2AIPAi+β3LEi+β4(AIPAi×DLi)+β5(LEi
×DLi)+ε2  
Where: 
• AIPAiAIPA_iAIPAi = AI-based predictive 
analytics score for respondent iii 
• LEiLE_iLEi = Learning Engagement score 
• DLiDL_iDLi = Digital Literacy score 
(moderator) 
• APiAP_iAPi = Academic Performance 
• β1,β2,β3\beta_1, \beta_2, \beta_3β1,β2
,β3 = path coefficients 
• β4,β5\beta_4, \beta_5β4,β5 = 
interaction effects representing moderation 
• ε1,ε2\varepsilon_1, \varepsilon_2ε1,ε2 
= error terms 
This model allows testing: 
1. The direct effect of AIPA on AP 
(β2\beta_2β2) 
2. The indirect effect via LE (β1×β3\beta_1 
\times \beta_3β1×β3) 
3. The moderating role of digital literacy on 
both direct and indirect effects (β4,β5\beta_4, 
\beta_5β4,β5) 
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Data Analysis 
Table 1: Demographic Profile of Respondents 

Demographic Variable Category Frequency Percentage (%) 

Gender Male 145 58 
 Female 105 42 

Age (Years) 18–22 90 36 
 23–27 110 44 
 28–32 35 14 
 33+ 15 6 

Experience <1 year 30 12 
 1–3 years 100 40 
 4–6 years 70 28 
 7+ years 50 20 

University Type Public 140 56 
 Private 110 44 

 
The sample shows a balanced representation in 
terms of gender, with a majority in the 23–27 age 
group. The respondents have adequate exposure 

to digital tools, which supports reliable insights 
into AI-based predictive analytics in Pakistani 
universities. 

 
Table 2:Measurement Model Assessment 

Construct 
Cronbach’s 
Alpha 

Composite Reliability 
(CR) 

Average Variance Extracted 
(AVE) 

AI-Based Predictive Analytics 
(AIPA) 

0.882 0.911 0.645 

Learning Engagement (LE) 0.912 0.938 0.702 

Digital Literacy (DL) 0.867 0.901 0.638 

Academic Performance (AP) 0.889 0.915 0.660 

• Cronbach’s alpha > 0.70 indicates high internal consistency. 
• Composite reliability > 0.70 confirms reliability. 
• AVE > 0.50 indicates good convergent validity. 
• Discriminant validity was confirmed using the Fornell-Larcker criterion. 
References: Hair et al., 2019; Schaufeli et al., 2006; Wang et al., 2023. 
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Model Assessment (Direct, Mediation, and Moderation Effects) 
Table 3: Direct and Indirect Path Coefficients 

Hypothesis Path β (Beta) t-value p-value Result 

H1 AIPA → AP 0.298 4.56 <0.001 Supported 

H2 AIPA → LE 0.421 6.12 <0.001 Supported 

H3 LE → AP 0.475 7.04 <0.001 Supported 

H4 AIPA → LE → AP (mediation) 0.200 5.01 <0.001 Partial Mediation 

H5 AIPA × DL → AP (moderation) 0.145 2.89 0.004 Supported 

H6 LE × DL → AP (moderated mediation) 0.098 2.67 0.008 Supported 

 
  H1: AI-based predictive analytics positively 
impacts academic performance (β = 0.298, p < 
0.001). 
  H2 & H3: AIPA significantly enhances learning 
engagement, which in turn positively influences 
academic performance. 
  H4: Learning engagement partially mediates the 
effect of AIPA on performance, suggesting that 

engagement is a key mechanism translating AI 
analytics into higher academic outcomes. 
  H5 & H6: Digital literacy significantly 
moderates both direct and indirect effects, 
indicating that higher digital literacy strengthens 
the positive impact of AI tools on learning 
engagement and academic performance. 

 
Table 4:Coefficient of Determination (R²) and Effect Sizes (f²) 

Dependent Variable R² f² (Effect Size) 

Learning Engagement (LE) 0.177 0.21 (medium) 

Academic Performance (AP) 0.356 0.26 (medium) 

 
  The model explains 17.7% variance in learning 
engagement and 35.6% variance in academic 
performance, reflecting moderate explanatory 
power. 
  Effect sizes confirm practical significance, 
indicating medium strength relationships between 
AIPA, LE, DL, and AP. 
 
Moderation Effect Visualization 
• Students with high digital literacy 
experience stronger positive effects of AIPA on 
engagement and academic performance. 
• Those with low digital literacy gain less 
from AI-based predictive analytics due to limited 
ability to interpret and apply predictive insights 
effectively. 
 
Discussion 
The present study examined the impact of 
Artificial Intelligence-based Predictive Analytics 
(AIPA) on academic performance in Pakistani 

universities, with learning engagement as a 
mediator and digital literacy as a moderator. The 
findings offer both theoretical and practical 
insights for higher education institutions aiming 
to leverage AI technologies to enhance student 
outcomes. 
 
Direct Effect of AI-Based Predictive Analytics on 
Academic Performance 
Consistent with H1, AIPA was found to have a 
significant positive effect on academic 
performance (β = 0.298, p < 0.001). This aligns 
with previous studies that have highlighted the 
role of AI in providing timely and personalized 
insights to students, such as predicting areas of 
difficulty, recommending learning paths, and 
optimizing study plans (Wang, Li, & Chen, 2023; 
Alam & Farooq, 2021). The direct effect suggests 
that integrating predictive analytics into university 
systems can immediately improve students’ ability 
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to monitor progress and take corrective actions, 
enhancing overall performance. 
 
Mediating Role of Learning Engagement 
The study confirmed H2, H3, and H4, showing 
that learning engagement partially mediates the 
relationship between AIPA and academic 
performance. Students exposed to AI-based 
insights demonstrated higher levels of vigor, 
dedication, and absorption in their studies. These 
findings are in line with the Job Demands-
Resources (JD-R) framework, where AI tools act as 
job resources that stimulate motivational 
processes, fostering engagement (Schaufeli et al., 
2006). 
Partial mediation suggests that while AIPA directly 
influences performance, its impact is significantly 
enhanced when students actively engage with the 
learning content. This emphasizes the importance 
of not only providing AI-driven analytics but also 
designing interventions that encourage students to 
utilize these insights effectively. 
 
Moderating Role of Digital Literacy 
Digital literacy significantly moderated both the 
direct and indirect effects of AIPA on academic 
performance (H5 & H6). Students with higher 
digital literacy benefited more from AI tools, as 
they were able to interpret predictive analytics 
outputs, integrate insights into their learning 
strategies, and overcome potential technological 
barriers (Ng, 2012; Ahmed, Khan, & Javed, 2023). 
This finding highlights the conditional nature of 
AI effectiveness in higher education. Universities 
cannot rely solely on implementing AI-based 
systems; they must also ensure that students 
possess adequate digital skills to leverage these 
technologies. This aligns with studies emphasizing 
the critical role of digital literacy in maximizing 
educational technology outcomes (Al-Harbi & 
Almutairi, 2024). 
 
Theoretical Implications 
1. The study extends the JD-R framework to 
the context of AI-based educational technologies 
in developing countries. AI tools act as resources 
that enhance engagement and performance when 
combined with sufficient student capabilities. 

2. The research demonstrates the 
importance of moderated mediation in 
educational technology studies, emphasizing that 
student characteristics like digital literacy 
influence the strength and effectiveness of AI 
interventions. 
3. By integrating AI adoption, engagement, 
and digital literacy, this study provides a holistic 
model that explains the mechanisms through 
which technological innovations can enhance 
academic outcomes. 
 
Practical Implications 
1. Universities should invest in AI-driven 
predictive systems that can track student 
performance and provide actionable insights. 
2. Digital literacy programs are essential to 
ensure students can effectively utilize AI insights. 
Workshops, tutorials, and online courses can help 
bridge this gap. 
3. Learning engagement strategies should be 
incorporated alongside AI tools, such as 
interactive dashboards, gamified learning paths, 
and personalized feedback, to maximize student 
motivation and absorption. 
4. Policymakers should recognize that AI 
adoption alone is insufficient; student readiness 
and engagement are critical for successful 
implementation in higher education contexts. 
 
Contextual Implications for Pakistani 
Universities 
In Pakistan, where higher education institutions 
are increasingly adopting AI technologies, these 
findings are particularly relevant. The study 
suggests that universities must simultaneously 
develop technological infrastructure and enhance 
digital skills to improve academic performance. 
Neglecting either component may reduce the 
potential benefits of AI interventions. 
 
Limitations 
1. The study is cross-sectional, limiting 
causal inference. Longitudinal studies could 
provide stronger evidence of the effects of AI tools 
over time. 
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2. Data were collected from select 
universities, potentially limiting generalizability to 
all Pakistani higher education institutions. 
3. Self-reported measures may introduce 
response bias, especially in academic performance 
assessments. Future studies could incorporate 
objective performance data. 
 
Conclusion 
This study examined the impact of Artificial 
Intelligence-based Predictive Analytics (AIPA) on 
academic performance in Pakistani universities, 
considering learning engagement as a mediator 
and digital literacy as a moderator. Findings reveal 
that AIPA positively influences academic 
performance both directly and indirectly through 
increased student engagement. Moreover, digital 
literacy enhances the effectiveness of AI tools, 
indicating that students’ ability to interpret and 
apply AI-generated insights is crucial for achieving 
better learning outcomes. The results highlight 
that successful AI integration in higher education 
depends not only on technology adoption but also 
on fostering engagement and digital skills among 
students. 
 
Recommendations 
Universities should invest in AI-driven predictive 
systems to monitor performance and provide 
personalized learning insights. At the same time, 
digital literacy programs are essential to equip 
students with the skills to utilize AI effectively. 
Encouraging learning engagement through 
interactive dashboards, gamified feedback, and 
personalized guidance can further enhance 
outcomes. Faculty training and adequate 
technological infrastructure are also vital to 
maximize the benefits of AI adoption. Integrating 
AI insights into academic support services can 
help identify at-risk students and provide targeted 
interventions, ensuring that AI contributes 
meaningfully to student success. 
 
Future Directions 
Future research could explore the long-term effects 
of AI on academic performance through 
longitudinal studies, as well as sectoral and 
regional comparisons across Pakistani universities. 

Additional moderators, such as motivation, self-
efficacy, or institutional support, can be examined 
to better understand AI’s impact. Cross-country 
studies may provide insights into best practices for 
AI integration in higher education. Moreover, 
analyzing specific AI functionalities—like 
predictive alerts, adaptive learning, or feedback 
analytics—can help determine which tools most 
effectively improve engagement and performance. 
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