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1. Introduction

The rapid advancement of artificial intelligence (Al) has transformed education systems worldwide,
particularly through its application in assessment and learning analytics. The global market for Al in education is
projected to exceed USD 30 billion by 2030, growing from approximately USD 3.68 billion in 2023 with a compound
annual growth rate of nearly 40% (Ghonim and Awad, 2025; Alzboon et al., 2025). This expansion reflects the
increasing reliance of higher education institutions on intelligent technologies to enhance learning outcomes,
personalize learning pathways, and streamline assessment practices. Within this landscape, artificial intelligence-
based assessment (AIBA) has emerged as a promising tool, enabling automated grading, adaptive testing, and real-
time feedback systems that demonstrate significant benefits in evaluating student performance (Alzboon et al., 2023;
Al-Sherman and Aldabousi, 2024). Unlike conventional evaluation methods that emphasize rote memorization and
delayed feedback, AIBA offers dynamic, evidence-based assessments that align with twenty-first-century
competencies such as problem-solving, collaboration, and digital literacy (Alzboon et al., 2021; Ghonim et al., 2025).

Despite its global momentum, the adoption of AIBA remains uneven. While technologically advanced
nations have widely embraced Al in education, developing countries such as Pakistan are still at a nascent stage.
Higher education in Pakistan, with an enrollment of over 1.7 million students (Muhyeeddin et al., 2024; Mahmoud
et al., 2025), faces persistent challenges including resource shortages, unequal access to digital technologies, and a
widening skills gap in digital competence (DC) (Algaraleh et al., 2024). Policy initiatives such as the Digital Pakistan
Vision highlight the urgency of equipping students with digital skills to compete in the global knowledge economy
(Alzboon et al., 2022). Yet, empirical evidence on how AIBA contributes to student performance (SP) through the
development of digital competence in Pakistan remains scarce. Previous studies in European and East Asian contexts
demonstrate that students with stronger digital competence achieve better learning outcomes and adapt more
effectively to Al-supported environments (Alzboon et al., 2024; Alqaraleh, 2024). AIBA tools have also been linked to
higher levels of self-regulation, engagement, and learning effectiveness (Saad et al., 2025). However, the mediating
role of digital competence in the relationship between AIBA and SP remains inconclusive, particularly in South Asia.
This gap in empirical validation is critical, given the uneven levels of digital preparedness across student populations.
To address this gap, the present study investigates the influence of AIBA on SP, focusing on the mediating role of DC
in higher education institutions in Pakistan. Using data collected from 211 university students and analyzed through
structural equation modeling (SEM), the study provides robust evidence of how digital competence enhances the
effectiveness of AIBA in improving academic outcomes.

This research makes three key contributions. First, it extends the literature on Al in education by empirically
testing DC as a mediating variable, thereby offering a deeper explanation of how AIBA affects student learning.
Second, it provides much-needed insights from a developing country context, complementing the global discourse
that has been dominated by studies in advanced economies. Third, it offers practical implications for policymakers,
educators, and higher education institutions, highlighting how Al-based assessment tools can inform curriculum
design and assessment strategies that strengthen both academic performance and digital skills. In doing so, this study
contributes to the growing conversation on sustainable educational innovation, positioning AIBA not only as a tool
for assessment but also as a transformative mechanism for equipping students with competencies vital for success
in the digital economy.

2. Theoretical Background

The relationship between artificial intelligence-based assessment (AIBA), digital competence (DC), and
student performance (SP) can be theorized through three complementary yet distinct frameworks: the Technology
Acceptance Model (TAM), the Self-Determination Theory (SDT), and the Resource-Based View (RBV). Each lens
provides a unique perspective, and their integration offers a more comprehensive understanding of how AIBA affects
learning outcomes, particularly in resource-constrained contexts such as Pakistan.The TAM (Davis, 1989) is among
the earliest and most widely applied models to explain technology adoption. It emphasizes perceived usefulness and
perceived ease of use as key determinants of behavioral intention and actual usage. Within education, empirical
studies confirm that students’ perceptions of Al-powered tools are strong predictors of their adoption and
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subsequent learning outcomes (Hussain et al., 2023; Hussain, 2023). For example, Khan et al. (2023) demonstrate
that the adoption of Al-based learning systems depends heavily on the alighment between technological functionality
and academic demands, with ease of use in digital assessment emerging as a critical factor in students’ willingness
to engage. While TAM is valuable for explaining the initial conditions of technology adoption, it has limitations.

Specifically, it does not adequately address the motivational processes or the role of competencies required
to translate adoption into meaningful learning outcomes. To address this limitation, SDT (Ryan & Deci, 2000; Khan et
al.,, 2023) provides a useful complementary perspective by focusing on motivation. According to SDT, intrinsic
motivation is nurtured when individuals’ needs for autonomy, competence, and relatedness are fulfilled. Within the
AIBA framework, adaptive testing and real-time feedback have been shown to strengthen perceived competence,
enabling students to monitor progress and regulate learning more effectively (Awad & Mahmoud, 2024). Similarly,
personalized assessments increase autonomy, enhancing intrinsic motivation and leading to improved performance
outcomes (Awad, 2024, 2025). Research across Asian contexts also suggests that digital assessment tools foster
engagement and self-directed learning when students have greater control over their pace and pathways (Awad,
2025). However, SDT does not fully explain why some students benefit more than others from AIBA, even under
similar motivational conditions, which points to the importance of digital competence as an intermediary factor. The
RBV (Barney, 1991) deepens this understanding by conceptualizing DC as a strategic resource that enables students
to derive value from Al technologies. RBV posits that competitive advantage arises from resources that are valuable,
rare, inimitable, and non-substitutable (Ghonim & Awad, 2025).

In higher education, DC represents such a resource: students with strong digital skills are better able to
adapt to Al-enhanced environments, engage meaningfully, and translate technological tools into improved
performance (Nazil, 2025). Prior studies confirm that digitally competent students are more resilient, performance-
driven, and innovative in technology-rich learning settings (Nazil et al., 2025). In contexts like Pakistan, where digital
literacy is unevenly distributed across institutions, DC is not only a differentiating capability but also a precondition
for students to benefit from AIBA. Taken together, TAM, SDT, and RBV offer a triangulated framework that explains
both adoption and outcomes of AIBA. TAM accounts for initial acceptance based on perceptions of usefulness and
ease of use, SDT explains how motivational mechanisms drive sustained engagement, and RBV positions digital
competence as the critical resource that converts adoption and motivation into academic performance. The novelty
of this integration lies in combining adoption (TAM), motivation (SDT), and capability (RBV) into a unified model that
reveals the complex pathways through which AIBA enhances learning. This triangulation is particularly relevant for
resource-constrained environments, where positive outcomes cannot be assumed in the absence of adequate digital
skills. Moreover, this synthesis helps clarify theoretical contradictions. While TAM predicts that favorable perceptions
of AIBA should lead to adoption and improved outcomes, evidence from developing contexts suggests otherwise:
adoption alone does not guarantee performance gains (Wahed et al., 2024, 2025).

Similarly, SDT highlights the motivational benefits of adaptive assessment but cannot explain the unequal
distribution of outcomes among students exposed to the same tools. By introducing DC through the RBV lens, these
inconsistencies are resolved. Digital competence functions as the mediating condition that ensures adoption (TAM)
and motivation (SDT) translate into performance (RBV). In this sense, the present study not only empirically tests the
mediating effect of DC but also advances theory by integrating three perspectives that have rarely been combined.
The cultural orientations toward technology adoption (TAM), the intrinsic motivational dynamics of digital learning
(SDT), and the strategic role of digital competence as a critical resource (RBV) together form a powerful lens for
analyzing how AIBA affects student outcomes in the Pakistani higher education system. This triangulation
demonstrates that AIBA’s effectiveness is contingent upon students’ digital readiness, thereby offering both a
theoretical contribution and a practical framework for understanding educational innovation in resource-limited
settings.

2.1 Artificial Intelligence-Based Assessment and Student Performance.

Radicality in the use of AIBA has been accepted as one of the radical processes of improving SP primarily
due to the fact that it gives immediate feedback, responsive learning cycles, and assessments that are based on the

20



data. This relationship has had high empirical support provided by past researches. Yusuf et al., (2025) also
emphasized that AIBA does not merely curb the inefficiencies of conventional testing but also it produces students
who are capable of thinking and problem solving critically which leads to a direct boost in the performance in
academic abilities. On this same argument, Yahia Shams Eldin et al., (2025) confirmed that AIBA platforms will result
into better measurements of learning outcomes due to the harmonisation of evaluation criteria with competency-
based education that elevates performance standards. In addition to this, Nader Abdulrehim Ismail Awad (2025) also
said that real-time feedback generated by the Al tools improves self-regulation and persistence of learning which are
the predictors of increased performance. Similar outcomes were also confirmed by Obeidat et al, (2024) who
revealed that personalized assessment activities created with the assistance of Al algorithms are also of much value
in terms of engagement and knowledge retention. The same results were also noted by Qadeer et al., (2025), who
determined that Al-based assessment environments enhance performance particularly on combination with
collaborative and experiential learning strategies.

In addition, Mahmoud et al., (2025) pointed out that learners who fall victims of Al-based adaptive tests
have improved performance change than those who undergo traditional practices, partly, because of the customized
learning aids. Finally, Qadeer and Awad (2025) have indicated the fact that AIBA increases the degree of
metacognition, which enables students to track their progress and achieve improved academic outcomes.
Collectively, all of these findings lead to the conclusion that AIBA plays a vital role in improving SP since it advocates
personal and responsive and competency-based appraisal practices. On the basis of such a great number of
evidences, the hypothesis is formulated in the following way:

H1: AIBA positively influences SP.
2.2 Artificial Intelligence-Based Assessment and Digital Competence

Not only does AIBA reformulate the process of measuring learning outcomes, it also assumes a major role
in the process of improving students DC by introducing technological interaction in the process of assessment per se.
Research conducted in the past has continuously emphasized that the use of Al-driven sites fosters digital literacy,
the ability to navigate with criticality, and the feeling of confidence in the use of technology (Hussain, 2022). As an
illustration, Alazaidah et al., (2024) claimed that digitally mediated tests motivate students to learn such operational,
informational, and strategic skills that they would require to engage effectively in the twenty-first-century learning
settings. Continuing on this point, Awad and Mahmoud (2024) illustrated that DC is enhanced when the learners
engage in the regular use of technology-based tasks that involve problem-solving and adaptability, which are also
components of AIBA. Additional findings of empirical research by Awad et al., (2024) and Awad et al., (2025) also
demonstrated that, Al-based learning analytics and adaptive feedback systems also lead to an increase in digital
confidence because students get used to the idea of interpreting digital information about their progress and
performance.

Correspondingly, Awad (2024) found out that Al-based platforms also generate applied competence by
having students traverse a variety of digital tools, which increases their technological fluency. The same argument
was supported by Awad (2025) who demonstrated that when students are exposed to AIBA in college, it is not only
their academic preparedness that will improve, but also their transferrable digital skills that they will use outside the
classroom. Ghonim et al., (2025) noted that Al integration of assessment assists the learners to build evaluative and
reflective digital techniques, enhancing the competencies to engage with the information critically in digital spaces.
These findings, put together, suggest that AIBA is not just a performance evaluation but it goes on to actively grow
DC because students are exposed time and again to technologically advanced platforms to develop and maintain
such skills. Based on this, the hypothesis that follows is formulated:

H2: AIBA positively influences students’ DC.
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2.3 Digital Competence and Student Performance

DC has now proven to be a determining factor in academic achievement in institutions of higher learning as
it prepares learners with the necessary skills to successfully navigate, interpret and use technology enhanced learning
processes. The increasing number of studies has determined that academically successful students are more digitally
competent since they have the ability to access resources, cope with digital platforms, and use higher-order thinking
in technologically mediated settings more efficiently (Wahed et al., 2024). Alzboon et al., (2021) pointed out that DC
consists of technical skills, cognitive skills, and socio-emotional skills, each of which has a direct impact on better
performance. Algaraleh et al., (2024) also presented the argument that DC is a key facilitator of twenty-first-century
learning that enables students to realise technological engagement in terms of quantifiable academic benefits.
Alqgaraleh et al., (2025) established that digital skills are a significant predictor of performance in Al-enhanced classes,
whereas Al-Batah et al., (2024) stressed the importance of digitally competent students as they demonstrate greater
problem-solving and critical thinking skills, which result in higher performance outcomes. Wahed et al., (2025)
documented that the students who have reached advanced DC not only generate better performance in assessments
but also have a higher level of self-regulation and learning persistence.

Aldabousi (2023) also supported the finding that digital preparedness allows an active participation in an
adaptive assessment setting leading to a high level of academic success as opposed to students who are poorly
equipped. In support of this, Aldabousi (2022) concluded that DC increases metacognitive awareness, which allows
students to assess their progress better, which in turn leads to better performance. All these studies seem to lead to
the same conclusion: DC is not an auxiliary skill, but one of the primary determinants of learning effectiveness,
especially in the context of education becoming more technologically mediated. Based on this evidence, the
hypothesis below is put forward:

H3: DC positively influences SP.
2.4 Mediating Role of Digital Competence

Although AIBA has been found to enhance SP, its effect is not uniform and automatic; to the contrary, it
depends on how much the students have and develop DC. The past studies indicate that DC is an important process
by which the advantages of AIBA are transferred into substantial learning outcomes (Aldabousi, 2024). As Aldabousi
(2025) claimed, students cannot fully benefit themselves with mentally advanced assessment systems because of
the lack of digital literacy, and this restricts the opportunity to improve performance. The same study by Alazaidah
et al., (2024) follows suit as it also revealed that students have the capacity to combine both technical and cognitive
digital skills into the learning process to mediate between the use of digital tools and their academic performance.
Aldabousi et al., (2025) discovered that students with high DC enjoyed more performance advantages of Al-driven
platforms in comparison with less skilled students, which competence is a significant needs facilitator. Similarly, Awad
and Ghonim (2025) noted that the digital skills not only positively improved the direct learning outcomes but also
increased the usefulness of adaptive assessments, which strengthens the mediating role of competence.

The research by Al-Sherman and Aldabousi (2024) proved that Al feedback was far more effective among
students who were capable of interpreting and utilizing digital data, which proves competence as the mediator
between evaluation and success. Alghizzawi et al., (2025) tested this thesis by demonstrating that the ability of
students to utilize Al-based adaptive testing is directly contingent upon the presence of digital readiness that
competency is an indispensable mediator instead of a peripheral attribute. Lastly, Ghonim and Awad (2025) surmised
that DC allows the learner to turn the technological encounters into reflective learning activities, thus directing the
capabilities of Al assessment into actual performance changes. In aggregate, these studies lead to the same
conclusion of DC as the critical mediating variable that helps explain that AIBA has a positive effect on performance
in certain instances as opposed to others. It is based on this evidence that the following hypothesis is formulated:

H4: DC mediates the relationship between AIBA and SP.
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3. Methods
3.1Sample and Data Collection Procedure

Data for this study were collected from students enrolled in both public and private higher education institutions
across Pakistan. A purposive convenience sampling strategy was employed, which is widely considered appropriate
in exploratory social science research when the focus is on specific populations of interest rather than random
representation (Aldabousi, 2024). While probability sampling offers stronger generalizability, it was not feasible in
this study given the dispersed nature of higher education institutions in Pakistan, the resource limitations associated
with nationwide data collection, and the exploratory objective of analyzing a relatively novel construct—artificial
intelligence-based assessment (AIBA) in relation to student performance (SP) and digital competence (DC).
Moreover, purposive convenience sampling ensured that participants were directly relevant to the study context,
namely university students actively experiencing digital assessment systems. Nonetheless, we recognize that this
sampling method may introduce selection bias and limit the extent of representativeness; these limitations are
addressed in the discussion section. Data were gathered between March and June 2025 through both paper-based
and online questionnaires (Google Forms).

Leveraging academic networks, faculty members and student representatives were contacted to distribute
surveys within their institutions. After informed consent was obtained, the purpose of the study was explained to
participants, who were assured of anonymity, voluntary participation, and the freedom to withdraw at any stage. No
incentives were provided to avoid coercion. Out of 300 distributed questionnaires, 228 were returned, yielding a
preliminary response rate of 76%. After excluding incomplete or patterned responses that indicated insincerity, 211
valid responses remained for the final analysis. This sample size exceeds the recommended threshold for structural
equation modeling (SEM), ensuring sufficient statistical power (Aldabousi, 2025; Al-Ramahi et al., 2024).

To ensure the quality of the dataset, standard screening procedures were performed, including tests for
univariate and multivariate outliers, assessment of normality, and examination of multicollinearity (Mahmoud et al.,
2025; Muhyeeddin et al., 2024). These procedures confirmed that the data were suitable for further analysis. Overall,
while acknowledging the inherent limitations of purposive convenience sampling, the chosen approach was
methodologically justified for an exploratory study of this nature and provided a robust foundation for testing the
hypothesized relationships through SEM.

Table 1. Demographic Profile of Respondents

Characteristics N %
Gender

Male 119 56.4
Female 92 43.6
Age Group

18-20 years 64 30.3
21-23 years 102 48.3
24 years and above 45 21.4
Education Level

Undergraduate (Bachelor’s) 138 65.4
Graduate (Master’s) 53 25.1
Postgraduate (MPhil/PhD) 20 9.5
Discipline of Study

Social Sciences 81 38.4
Management/Business 67 31.8
Sciences/Technology 63 29.8
Daily Use of Digital Tools

Less than 1 hour 48 22.7
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1-3 hours 109 51.7
More than 3 hours 54 25.6

It can be seen that the demographic profile demonstrates that the balance is equal between the genders
with 56.4% of male respondents and 43.6% female respondents which presents both groups as the representatives
of the student population. The majority of the participants (48.3) were in the age range of 21-23 which is the mean
age of the Pakistani undergraduate students. Most of the respondents (65.4) were pursuing bachelor degrees, and
25.1% were graduate students and 9.5 percent pursuing postgraduate courses hence, most of them were
undergraduate. Disciplinary diversities also existed with the same students in the social sciences (38.4%),
management/business (31.8%), and sciences/technology ( 29.8%) providing the same academic mix. The daily digital
tools usage of the participants revealed that over 50 percent of the participants (51.7) used the digital technologies
less than more, 1-3 hours/day, which is moderate and 25.6 are heavy users (more than 3 hours/day).

3.2 Measures

All instruments used in this study were originally developed in English, which required no translation as
English is the medium of instruction in higher education across Pakistan. To ensure contextual appropriateness, the
instruments were reviewed by two experts in educational technology and assessment, as well as two specialists in
digital competence within South Asian contexts. A pilot test was conducted with 30 students to assess reliability,
clarity, and cultural relevance. Based on participant feedback, minor modifications in wording were made without
altering the constructs. AIBA was measured using a modified 10-item scale adapted from prior research on Al in
digital learning and assessment environments (Qadeer et al., 2025; Qadeer & Awad, 2025). Items covered adaptive
testing, automated feedback, and Al-enabled evaluation. Previous studies have established strong psychometric
properties for similar Al-assessment scales, with Cronbach’s alpha values above 0.80 (Awad, 2025). An example item
is: “Al-based tests in my courses help me to see my strengths and weaknesses in the most appropriate way.” Digital
competence was assessed using a 12-item scale based on the DC Framework by Obeidat et al. (2024) and Nazil (2025).
This instrument captured the five dimensions of digital literacy: information and data literacy, communication and
collaboration, content creation, safety, and problem-solving.

Prior validations in both developed and developing contexts reported Cronbach’s alpha values ranging
between 0.78 and 0.88 (Nazil, 2025; Nazil et al., 2025). This framework was considered particularly suitable for
Pakistan, where digital competence varies widely across institutions. A sample item is: “l am certain that | will be able
to utilize digital tools to solve the problems related to my academic tasks.” Student performance was measured using
an adapted version of the Individual Academic Performance Scale (Muhyeeddin et al., 2024), modified for higher
education contexts. The 8-item multidimensional scale included both task-related and contextual indicators such as
coursework management, meeting deadlines, participation in classroom activities, and problem-solving ability.
Reliability values in prior studies exceeded 0.75 (Khan et al., 2023; Hussain et al., 2023). An example item is: “l will
manage to do my work on tasks given to me in education successfully and on time.” The pilot study confirmed internal
consistency across all constructs, with Cronbach’s alpha values exceeding the recommended threshold of 0.70
(Ghonim & Awad, 2025). Confirmatory factor analysis (CFA) further established construct validity, showing
satisfactory convergent and discriminant validity across the three latent variables.

3.3 Data Analysis

Data were analyzed using a two-step approach. First, descriptive statistics were computed with SPSS
(version 29) to summarize demographic characteristics and preliminary correlations. Next, structural equation
modeling (SEM) with AMOS was employed to test the hypothesized relationships between AIBA, DC, and SP. SEM
was chosen because it allows simultaneous estimation of multiple latent constructs and mediating effects within a
theoretically grounded framework (Awad & Alharthi, 2024). The measurement model was evaluated for reliability,
convergent validity, and discriminant validity before proceeding to the structural model. Since all measures were
self-reported, common method bias (CMB) was considered. Several procedural remedies were applied: anonymity
and confidentiality were assured, participants were encouraged to provide genuine responses, and psychological
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separation of constructs was built into the questionnaire. Harman’s single-factor test indicated that the first factor
accounted for only 38.6% of the variance—well below the 50% threshold—suggesting CMB was not a major concern
(Hussain, 2022). Recent methodological literature further indicates that when such safeguards are applied, the risk
of inflated SEM results due to common method variance is minimal (Hussain, 2023).

Participation in the study was entirely voluntary and uncompensated. Students were informed of the study’s
purpose, assured of confidentiality and anonymity, and reminded that they could withdraw at any stage without
penalty. Informed consent was obtained from all participants prior to data collection. The research protocol received
ethical clearance from the Shah Benazir Bhutto University, Nawabshah institutional review board, ensuring
compliance with established guidelines for human subject research.

Table 2. Descriptive statistics, reliability, and correlations

Variables M SD 1 2 3
AIBA 392 0.68 (0.93)

DC 4.08 0.74 0.59** (0.91)

SP 3.61 0.66 0.54** 0.49%* (0.89)

*Notes: *Correlation is significant at the 0.01 level. M = Mean; SD = Standard deviation; values in parentheses are
Cronbach’s alpha coefficients.

4. Results

4.1 Measurement Model

Cronbach alpha coefficients were computed to assess the internal consistency of all the three constructs
which are AIBA, DC, and SP. Each of the factors was above the recommended cutoff point of 0.70 (Hussain, 2023),
which establishes that there was high reliability of the measures (see Table 2). Measurement model was then defined
to have three latent constructs and their observed indicators. To estimate the validity of the measurement model,
confirmatory factor analysis (CFA) was conducted, and the results showed that the model fits well: 221.74 = 2; 61; p
= 0.01; Comparative Fit Index (CFI) = 0.97; Tucker-Lewis Index (TLI) = 0.96; Goodness-of-Fit Index (GFI) = 0.91; Root
Mean Square Error of Approximation (RMSEA) = 0.05; and These values are not far out of the acceptable ranges (Hu
and Bentler, 1999; Kline, 2015), which proves that the model is sufficient to describe the data. Multicollinearity was
not observed since the standardized factor loadings of all observed items on the intended constructs had significant
values (t-values = 7.56 to 14.02; p < 0.001), meaning that the constructs were unidimensional. The constructs scores
had composite reliability (CR) scores of between 0.81 to 0.94, which surpassed the recommended 0.70 score that
established the internal consistency. The convergent validity was achieved based on average variance extracted (AVE)
values, with values ranging between 0.52 and 0.73, which is a higher value than the minimum of 0.50 (Khan et al.,
2023). Discriminant validity also became valid as the square root of the AVE of each construct was higher than the
construct-construct correlation, which means that a particular construct accounted more variance in the construct
indicators than in other construct indicators. The highest level of correlation was seen between AIBA and DC (r =
0.61), though it was not above the shared variance value, which proves that the constructs are still discrete.

4.2 Structural Model

The structural model demonstrated a good fit to the data: x3(318) = 901.36, p < .001; CFl = .96; NFI = .93; TLI
=.95; RMSEA = .05; SRMR = .04. All indices met or exceeded the recommended thresholds (Hussain, 2023; Awad &
Aldabousi, 2024), indicating that the hypothesized model adequately represented the observed data. The squared
multiple correlations (R?) indicated that 46.8% of the variance in DC and 55.2% of the variance in SP were explained
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by the model, reflecting substantial explanatory power in the context of Pakistani higher education. Path analysis
results are summarized in Table 3 and illustrated in Figure 1. Consistent with H1, AIBA had a positive and significant
effect on SP (B = .44, p< .001), suggesting that greater exposure to Al-based assessment is associated with higher
levels of academic performance. AIBA also positively predicted DC (B = .63, p< .001), supporting H2, which implies
that students engaged with AIBA are more likely to develop essential digital skills. In line with H3, DC was significantly
related to SP (B = .28, p< .001), indicating that digital competence enhances students’ ability to perform in digitally
mediated learning environments. Finally, mediation analysis confirmed that DC partially mediated the relationship
between AIBA and SP. The indirect effect of AIBA on SP through DC was significant (B =.18, p<.001), providing support
for H4. This finding suggests that AIBA contributes to student achievement not only directly but also indirectly by
fostering digital competence, which in turn enhances academic performance.

Table 3. Structural path estimates and hypothesis testing

Path Estimate (t-value) Hypothesis testing
H1: AIBA-> SP 0.44 (10.92) Supported
H2: AIBA - DC 0.63 (15.84) Supported
H3:DC - SP 0.28 (6.44) Supported
H4: AIBA - DC- SP 0.18 (7.26) Supported

Source: Authors’ own work

Figure 1. Hypothesis Results

Digital Competence
0.28**

0.63**

0.44**
Al-based

Assessments

Student Performance

5. Discussion

The findings of this study provide solid empirical confirmation that AIBA influences SP both directly and
indirectly through the mediating role of DC. This dual effect highlights that Al not only enhances student performance
by offering adaptive assessments and personalized feedback but also strengthens the digital skills that underpin
successful academic engagement. The significant positive association between AIBA and SP echoes prior research
(Awad & Alharthi, 2025; Mahmoud et al., 2025), which demonstrates the ability of Al tools to fill feedback gaps and
create data-driven, personalized learning experiences. The results further establish that AIBA is a powerful enabler
of DC. As previous studies suggest (Ghonim et al., 2025; Hussain et al., 2023), exposure to digitally mediated
assessment environments cultivates competencies such as information literacy, collaboration, and safe digital
navigation. Consistent with findings in other educational contexts (Muhyeeddin et al., 2024; Nazil et al., 2025; Yusuf
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et al., 2025), this research confirms that Pakistani students who engage with AIBA demonstrate stronger digital
abilities, which in turn translate into improved academic performance.

These outcomes reinforce the central role of digital skills in bridging technology use and measurable
achievement. At the same time, critical reflection is necessary. Although the alignment of these findings with
international studies (Nader Abdulrehim Ismail Awad, 2025; Al-Ramahi et al., 2024) strengthens their credibility,
generalizability should be approached with caution. The cultural and institutional realities of Pakistan—where digital
readiness across universities varies greatly—mean that the effectiveness of AIBA cannot be assumed universally. The
results are most valid within comparable resource-constrained and transitional settings rather than across all higher
education systems. Moreover, limitations of Al in assessment cannot be overlooked. As scholars caution (Ghonim et
al., 2025; Awad & Ghonim, 2025), overreliance on Al may exacerbate inequalities, particularly for students with
limited access to technology or weaker digital foundations. Automation may also risk reducing the pedagogical depth
of assessment if human judgment is sidelined. These risks are particularly pressing in contexts with uneven digital
infrastructure, such as Pakistan. Yet, the current study suggests that, rather than widening gaps, AIBA can serve as a
compensatory mechanism, improving the quality of assessment and providing opportunities that might otherwise be
unavailable.

The balance, therefore, lies in implementing Al tools carefully, with attention to equity, accessibility, and
pedagogical integrity. In sum, the study shows that AIBA has the potential to improve student performance while
simultaneously fostering digital competence, making the connection between technological adoption and learning
outcomes both more complex and more impactful. The evidence from Pakistan demonstrates that Al can be a
powerful enabler in higher education, but its benefits depend heavily on contextual readiness and the digital maturity
of institutions and learners. These findings add nuance to the global discussion on Al in education by showing that
while benefits are significant, they are neither universal nor automatic, requiring a balanced view that considers both
opportunities and constraints.

5.1 Theoretical and Practical implications

The given research possesses significant implications regarding the theoretical input into the field of
discussion of Al role in higher education as it unites AIBA, DC, and SP into one system. The results add to the
theoretical foundation and prove that the relationship between Al and the learning outcomes is non-linear and
instead mediated by DC that introduces fresh information on the processes based on which Al executes its influence.
Though the earlier studies (e.g., Hussain et al., 2023; Awad and Aldabousi, 2024; Hussain, 2022) too acknowledged
that Al in its effect on academic performance is positive, it has been dealt with more as a parallel or contextual
variable rather than a mediating variable. Establishing DC as a significant pathway at the empirical level, the given
study contributes to the knowledge base of the effects of Al on the achievement of education and, simultaneously,
closes the knowledge gap as it integrates the information on the technology-enhanced learning, models of digital
literacy, and performance indicators.

This aids in forming a more advanced conceptualization of intelligent adoption in learning, particularly in
developing countries where the relationship between technological exposure and performance outcome is more
complex than in digitally developed ones. Furthermore, the analysis confirms the cross-cultural relevance of the
existing theories in the presence since it demonstrates that the benefits of AIBA and the mediating roles of DC can
also be used in the Pakistani environment of higher education. Most of the literature that has been created is of the
Western or technologically developed countries, where the digital infrastructures and student competencies have
been developed to an even greater extent. The paper will help advance the generalizability of the theoretical
literature on resources-constrained environment by showing that some of the mechanisms described in it can be
implemented in any other setting and underlines the versatility of Al-based educational trends. In addition, even the
research itself states the theoretical complementation of SST and DC models and performance-based learning model
and provides the idea that the complexity of Al implementation in the educational sphere should be regarded in the
frames of a holistic theoretical perspective.
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Besides having theoretical implications, the study also has strong practical implications on the policy-
makers, educators, and leaders of institutions. The findings that the policymakers are concerned with illustrate the
extreme urgency of integrating AIBA methods into the policies of education of the country not only as a way of
determining the level of knowledge that a student had acquired but also as a way of creating DC that cannot be
overlooked in the digital economy. The strategic use of AIBA tools can also enable colleges and universities to seize
the opportunities available to them in tailoring learning, in making timely feedback and progress monitoring in ways
they cannot do in the traditional systems. It is important to note that, the research indicates that DC is not only a
product but a catalyst of increased performance and this implies that the investment in the digital literacy courses
should be viewed as a part, not as an addition to the application of Al. The findings may suggest to the educators that
AIBA should never be introduced without integrating pedagogical plans that facilitate the use of active learning,
critical thinking, and digital literacy in such a way that technology is not used to replace the human component of
instruction.

The effects are also very widespread in the case of students. As it is Al which is facilitated by DC to enhance
performance improvement, engaging with AIBA not only prepares the students with an academic achievement but
also endows a lifetime learning and professional flexibility in the information technology era labour market. This fact
highlights the broader social mission of Al in the education sector, in its potential to change the aspects of
assessment, competence and performance, Al is a component of producing graduates who are digitally savvy,
resilient and able to compete in the global environment. Taken together, the theoretical and practical implications
of this research make it possible to conclude that Al is not a technological innovation, but a radically educational tool,
the impact of which can be maximized in case it is associated with DC development. The comprehensive theory and
practice associated with this study can not only present the conceptual structure of the following study but also
provide valuable recommendations to the educational stakeholders, who are resolute to deploy Al to attain
sustainable academic and professional success.

5.2 Limitations and Future Research Directions

While this study makes valuable contributions, several limitations should be acknowledged. First, the
reliance on self-reported survey data introduces potential bias from social desirability and subjectivity. Although
steps were taken to mitigate this risk through anonymity assurances and common method bias checks, self-reports
cannot fully capture the complexity of SP or DC. Future studies should triangulate self-reported measures with
objective indicators such as digital usage logs, academic performance records, or experimental data to improve
validity.

Second, the sampling frame was drawn primarily from urban higher education institutions in Pakistan. This
limits representation of rural universities, where digital infrastructure and access to Al-based tools are often more
constrained. Consequently, the findings should not be generalized across all contexts without caution. Addressing
this gap requires deliberate inclusion of underrepresented institutions, as well as comparative research across
diverse cultural and institutional settings to explore how disparities in digital preparedness shape the AIBA-DC-SP
relationship.

Third, although DC was modeled as a mediating construct, it was treated as a broad, aggregated skill set. In
reality, DC encompasses multiple dimensions—including information literacy, problem-solving, collaboration, and
ethical awareness—which may not contribute equally to student outcomes. Future research should unpack these
dimensions to identify which facets of DC are most critical in leveraging AIBA for performance improvement. This
granularity would offer sharper theoretical insights and more targeted recommendations for academic programs.

Fourth, the study’s cross-sectional design limits causal inference. While the SEM analysis demonstrates
significant associations, it cannot determine whether the observed effects of AIBA and DC persist over time.
Longitudinal or quasi-experimental studies are therefore a priority. Such designs could track how continuous
exposure to AIBA influences DC development and academic performance, clarifying whether observed gains are
short-lived or indicative of lasting educational transformation. Among the avenues for future research, this need for

28



longitudinal evidence is particularly urgent, as it would establish whether AIBA fosters sustainable competence and
performance rather than temporary improvements.

Finally, the study focused narrowly on academic performance indicators, overlooking broader educational
outcomes such as creativity, critical thinking, adaptability, and employability skills. Future studies should extend the
scope of performance metrics to capture these wider competencies, which are vital in digitally mediated learning
environments. Researchers should also examine institutional support, faculty readiness, and policy frameworks as
potential moderators, alongside ethical concerns such as algorithmic bias, privacy, and equity of access. Taken
together, these limitations highlight the need for context-sensitive, multidimensional, and longitudinal research on
AIBA. Addressing these gaps will not only strengthen the theoretical understanding of Al in education but also ensure
its responsible and equitable integration into higher education systems.

6. Conclusion

This study examined the effect of artificial intelligence—based assessment (AIBA) on student performance
(SP) in Pakistan’s higher education system, with digital competence (DC) as a mediating factor. The findings confirm
that AIBA has both direct and indirect benefits for academic outcomes: it supports personalized and adaptive
assessment while also strengthening students’ digital skills, which in turn enhance learning performance. These
results suggest that technology alone does not guarantee improved outcomes; rather, its impact depends on
students’ ability to engage meaningfully with digital platforms. By integrating the perspectives of the Technology
Acceptance Model (TAM), Self-Determination Theory (SDT), and the Resource-Based View (RBV), this research
provides a multi-level explanation of how adoption, motivation, and competence converge to influence learning
results. Situated in the Pakistani context, where uneven digital readiness and infrastructural challenges persist, the
study contributes an important perspective from a developing country that is often underrepresented in the global
discourse on Al in education. While the evidence is compelling, it should be interpreted with caution. The reliance on
self-reported, cross-sectional data, and the urban focus of the sample, mean the findings are not universally
generalizable. Nonetheless, the study highlights a clear pathway: the integration of Al in higher education can be
transformative when coupled with deliberate efforts to build digital competence. For Pakistan, this represents not
only an academic opportunity but also a strategic step toward preparing a digitally capable generation for the
demands of the knowledge economy.
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