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Abstract—Saudi Arabia’s Vision 2030 prioritises digital
transformation (DX) to modernise higher education. However,
despite significant investment, Saudi public universities (SPUs)
face unique challenges in adoption due to a lack of context-
specific frameworks. To address this gap, this study proposes
and validates the novel DXA-SPU framework, an integrated
model that combines the Technology Acceptance Model (TAM)
and the Technology-Organisation-Environment (TOE)
framework. The model was evaluated using survey data from
447 SPU participants, with hypothesised relationships analysed
via Structural Equation Modelling (SEM). The results
supported 12 of the 14 hypotheses. Perceived usefulness and the
institutional skills gap emerged as the most significant drivers of
adoption. In turn, DX adoption was strongly linked to enhanced
institutional performance, administrative efficiency, technical
infrastructure, and teaching effectiveness. The DXA-SPU
framework offers a validated tool for university leaders to assess
DX readiness and align strategic planning with Vision 2030
goals, providing actionable insights for policymakers.

Index Terms—Digital transformation, adoption frameworks,
TAM, TOE, Saudi public universities, Vision 2030, SEM.

1. INTRODUCTION

IGITAL transformation (DX) has become a top priority

across various sectors, including higher education. In
this context, it refers to the use of digital technologies to im-
prove institutional operations, strategic planning and service
quality [1], [2]. DX supports better performance in teaching,
learning, research and administration [3], [4].

In Saudi Arabia, higher education is undergoing a signifi-
cant transformation driven by national strategies, including
Vision 2030 and the National Transformation Program
(NTP). These initiatives aim to improve the quality and effi-
ciency of public services, including universities, by promot-
ing digital innovation [5]. The government's focus on digital
initiatives underscores a national commitment to modernising
higher education.

Despite strong governmental support and significant in-
vestment in digital infrastructure, the public sector still faces
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challenges that hinder DX adoption [6]. This persistence of
obstacles highlights the complexity of implementing DX in
public sector institutions.

Research indicates that DX in the public sector is influ-
enced by more than mere access to technology. Political, so-
cial and institutional factors also play a significant role [7].
However, most existing studies focus on Western countries or
the private sector. As a result, there is limited understanding
of how DX is adopted in public universities in Saudi Arabia.
Thus, a context-specific framework is necessary to address
the unique challenges of DX adoption in Saudi Public Uni-
versities (SPUs).

This study introduces the DXA-SPU framework, Digital
Transformation Adoption in Saudi Public Universities, a
framework that integrates the Technology Acceptance Model
(TAM) and the Technology-Organisation-Environment
(TOE) framework to explore and evaluate the factors influ-
encing DX adoption and its institutional impacts. The re-
search addresses the following questions:

1. What organisational, technological, and environ-
mental factors influence DX adoption in SPUs?

2. How does DX adoption impact institutional out-
comes, such as performance and efficiency?

3. How can a tailored framework support SPUs leaders
in aligning DX with Vision 20307

Using a mixed-methods approach, the study first employs
Structural Equation Modelling (SEM) to test hypothesised re-
lationships using survey data from university participants.
This paper presents the quantitative results and the theoretical
underpinnings of the framework.

II. LITERATURE REVIEW

Digital transformation has become a global imperative,
compelling organisations to fundamentally rethink their oper-
ating models and value propositions. In the realm of higher
education, this transformation is not merely about adopting
technology but involves a profound cultural and strategic shift
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that redefines teaching, research, and administrative pro-
cesses [8]. The COVID-19 pandemic acted as an unprece-
dented accelerator, forcing higher education institutions
(HEIs) worldwide into a period of "emergency remote teach-
ing" and compelling a digital transition at a scale and pace
previously unimagined [9], [10].

However, research shows that digitalisation in HEISs is of-
ten fragmented. [11] describe this as "dual digitalisation": the
unintegrated, parallel development of top-down administra-
tive systems (like Learning Management Systems, or LMS)
and bottom-up, subject-specific digital tools used by academ-
ics. This fragmentation creates a disjointed experience, pre-
venting the formation of a cohesive digital learning space.
Consequently, technology use in HEIs often remains superfi-
cial, with LMS platforms frequently used as simple content
repositories for administrative convenience rather than as
tools for innovative education [12], [13]. Many universities
launch digital initiatives as isolated projects without an over-
arching, integrated strategy, which limits their impact and re-
turn on investment [14].

In Saudi Arabia, DX is a cornerstone of the nation's strate-
gic roadmap, Saudi Vision 2030, which aims to diversify the
economy and build a thriving, knowledge-based society [15].
The government has invested heavily in establishing a sophis-
ticated digital infrastructure and has launched initiatives like
the "Future Gate" project to digitise curricula and empower
learning [10], [15]. The pandemic response further high-
lighted this commitment, as the Ministry of Education rolled
out platforms like "Madrasti" and provided extensive support
to ensure educational continuity [15].

Despite this strong governmental support and investment,
SPUs face a distinct set of challenges that hinder the success-
ful adoption of DX. A primary obstacle lies in human and cul-
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tural factors. [16] found that for instructors, the most signifi-
cant barriers are attitudinal, including resistance to and fear of
change, coupled with a lack of experience. This is com-
pounded by a persistent digital skills gap among both faculty
and students [17]. For DX to succeed, faculty require training
that goes beyond mere tool usage to encompass new digital
pedagogies, and the traditional reliance on rote learning must
be replaced with methods that foster critical thinking and dig-
ital literacy [15].

From an organisational perspective, rigid institutional rou-
tines can inhibit the flexibility needed for transformation [18].
Successful DX requires clear leadership, a supportive organi-
sational culture, a well-defined strategy, and adequate re-
sources, factors often identified as lacking or underdeveloped
in HEIs [17], [19]. Technically, while the national infrastruc-
ture is robust, challenges remain in ensuring reliable access
for all, managing the explosion of institutional data through
effective data governance, and addressing cybersecurity and
privacy concerns [16], [20].

This complex landscape demonstrates that generic DX
models are insufficient. There is a clear need for a context-
specific framework tailored to the unique regulatory, cultural,
and institutional conditions of SPUs. Such a framework must
address the multifaceted challenges of human readiness, or-
ganisational agility, and strategic alignment with Vision
2030. This study proposes and validates the DXA-SPU frame-
work to support SPUs' leadership in the strategic implemen-
tation of their university's DX.

I1I.

This study proposes the DXA-SPU framework to investi-
gate the adoption of DX in SPUs, as illustrated in Fig. 1. The
framework integrates two established models: the TAM and
TOE frameworks. Together, they offer a combined view of
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individual and institutional influences on technology adop-
tion. The aim is to identify the key factors shaping adoption
and evaluate how DX is expected to impact university opera-
tions and performance.

A. Technology Acceptance Model (TAM)

The TAM posits that individuals are more likely to adopt a
technology if they perceive it as useful and easy to use [21].
These core constructs, perceived usefulness and perceived
ease of use, are central to predicting technology adoption be-
haviour. In this context, Saudi public university faculty, ad-
ministrators and staff may support DX if it helps them work
more efficiently and is accessible without added complexity.

However, TAM primarily focuses on individual-level per-
ceptions and does not account for the broader institutional or
environmental factors critical for analysing DX in universi-
ties. To address this, TAM is extended in this study to link the
intention to adopt DX directly with perceived institutional im-
pacts, such as performance and administrative efficiency,
consistent with TAM's original structure connecting inten-
tion, behaviour, and outcomes [21]. The study examines
whether this intention is associated with positive perceptions
of institutional outcomes (H11-H14), using survey data to as-
sess these links.

B. Technology-Organisation-Environment (TOE)
Framework

The TOE framework provides a broader view of technol-
ogy adoption by including factors from three domains [22]
(see Table I):

Technological context: Characteristics of the technology it-
self, such as system complexity, ease of use and security.

Organisational context: Internal features of the institution,
including leadership, planning, available resources and coor-
dination across departments.

Environmental context: External influences like govern-
ment policy (e.g., Vision 2030), regulatory pressures and
competition from other universities.

The TOE complements the TAM by addressing the broader
institutional and external conditions that affect adoption. Such
perspectives are essential in public universities, where DX is
shaped not only by individual preferences but also by policy,
leadership, and organisational readiness.

C. DXA-SPU Framework Overview

Both the TAM and TOE frameworks are widely used for
technology adoption. However, their application in isolation
often falls short in complex environments like Saudi Public
Universities [8].

TAM emphasises individual perceptions. This focus im-
plies that it does not fully capture external forces, such as gov-
ernmental policies or funding structures, that profoundly in-
fluence the adoption of DX in public institutions. Conversely,
TOE addresses broader organisational and environmental fac-
tors. For example, it has been applied in specific regional con-
texts like Vietnam's creative industries [23]. However, TOE

TABLE L.

DXA-SPU HYPOTHESES GROUPING SUMMARY

Group Hypotheses Focus

H1-H4

Internal
institutional
factors: effective
strategy,
collaboration &
coordination,
funding &
resources.

Organisational
Context

Technological H5-HS8

Context

Technology-related
factors:
complexity, ease of
use, usefulness and
security.

H9-H10 External
influences:
regulatory
environment,
competitive
pressure, and skills
gap

Institutional
outcomes:
institutional
performance,
administrative
efficiency,
technical
infrastructure and
teaching &
learning
effectiveness.

Environmental
Context

Impacts of DX H11-H14

Adoption

has been criticised for overlooking the crucial role of individ-
ual user perceptions and behavioural intention. These factors
are strongly emphasised in technology acceptance models
like TAM. They are also critical in digital learning adoption
[24].

In universities, both levels are paramount. Faculty and staff
exhibit varying levels of digital readiness and literacy. Insti-
tutional change is significantly shaped by national agendas
like Vision 2030 [15], [25].

Recognising these limitations, the DXA-SPU framework
integrates the strengths of both TAM and TOE. This provides
a more comprehensive understanding of DX in this unique
context. Various technology adoption models have been ap-
plied in sectors like e-learning, healthcare, and public admin-
istration. However, these models often suit general contexts
or developed nations. They overlook the specific interplay of
national policies and centralised governance in Saudi public
education [15], [19], [20].

Critically, previous Saudi-focused studies have often been
limited to specific applications, such as online learning or
cloud systems. They often neglect holistic DX or key factors
such as skills gaps. In contrast, the DXA-SPU framework ex-
plicitly incorporates constructs like 'Skills Gap' and 'Regula-
tory Environment'. These constructs are tailored to address
the evolving digital literacy needs and policy alignment chal-
lenges in the Saudi higher education landscape. By integrat-
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ing user and institutional perspectives, and explicitly account-
ing for regulatory pressures, funding dependencies, and digi-
tal skills deficiencies prevalent in Saudi Arabia, this frame-
work offers a more effective approach for studying DX adop-
tion in SPUs.

The DXA-SPU framework is designed to identify factors
influencing DX adoption and evaluate its institutional impacts
in SPUs. It integrates TAM to assess user perceptions and be-
havioural intention, and TOE to capture technological, organ-
isational, and environmental influences.

Key constructs include ease of use, strategic alignment, and
regulatory support, while outcome areas include institutional
performance, administrative efficiency, technical infrastruc-
ture, and teaching effectiveness.

While this section outlines the structure and provides a de-
tailed breakdown of hypotheses, constructs appear in later
sections. Validation is performed using SEM.

D. Development of Hypotheses

Based on the TAM and TOE frameworks, the following
hypotheses have been developed to explore the relationships
between these factors and DX adoption in SPUs:

Organisational Context

The successful implementation of DX within a university
is contingent upon key internal factors. These factors include
an effective institutional strategy, robust inter-departmental
collaboration, and the allocation of adequate resources.

a) Effective Strategy (ES)

A well-defined DX strategy ensures that technological ini-
tiatives are aligned with institutional goals and educational
priorities. DX is not merely a standalone IT project but a
cross-functional initiative that must integrate academic, ad-
ministrative, and technological planning [26]. Multiple forms
of strategy, including IT, change management and business
strategy, must be synchronised to support successful digital
initiatives [27]. When strategic alignment is lacking, institu-
tions face fragmented efforts, inefficiencies and resistance to
change [28]. In the context of higher education, a clear DX
strategy enhances coordination, promotes long-term adapta-
bility, and increases the likelihood of adoption success.

H1: An effective DX strategy positively influences the in-
tention to adopt DX in SPUS.

b) Collaboration and Coordination (CC)

Collaboration among stakeholders, faculty, administrators
and students is essential for the successful adoption of DX in
universities. Research shows that engaging academic users
helps ensure technologies are meaningfully integrated into
teaching and learning [29]. Collaboration improves feedback,
enhances digital literacy, and supports access to appropriate
tools, which are often barriers to DX adoption [30]. Coordi-
nated efforts across departments and governance levels also
promote shared ownership of digital strategies and smooth
implementation [31]. A collaborative environment increases
acceptance and strengthens institutional readiness for DX.
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H2: Strong collaboration and coordination among stake-
holders positively influence the intention to adopt DX in
SPUs.

c) Funding and Resources (FR)

Successful DX depends on access to sufficient financial,
technical and human resources. Investments in infrastructure,
software and skilled personnel form the foundation for sus-
tainable implementation [32]. When funding is limited, insti-
tutions may struggle to upgrade systems or provide staff train-
ing, which delays adoption [33]. Training programs and digi-
tal tools also require ongoing investment to remain effective,
making resource availability a long-term concern [34]. Thus,
ensuring adequate support for DX projects is crucial to facil-
itating adoption across the university.

H3: Sufficient funding and resources positively influence
the intention to adopt DX in SPUs.

Technological Context

Beyond organisational considerations, the intrinsic charac-
teristics of the technology itself are instrumental to the suc-
cess of DX. The adoption of these new digital tools is directly
influenced by their complexity and security, as well as their
perceived usefulness and ease of use.

a) Complexity (CX)

Technological complexity is a significant barrier to DX, es-
pecially when modern systems must integrate with legacy in-
frastructure. Incompatibility between platforms can lead to
data silos, operational disruptions and increased transition
costs [36]. Complex implementation processes can disrupt
workflows and reduce staff willingness to adopt new tools
[37]. Without clear integration pathways, institutions may
face delays, increased risks and unmet goals. Reducing com-
plexity helps build user confidence and simplifies institu-
tional decision-making.

H4: Lower complexity in integrating digital technologies
with existing systems and processes positively influences the
intention to adopt DX in SPUs.

b) Security (SC)

As universities become more reliant on digital platforms,
concerns over cybersecurity and data protection have grown.
The use of cloud services, online portals, and connected de-
vices introduces multiple risks, including data breaches and
ransomware attacks [38]. Without strong security measures,
universities may face legal, operational and reputational con-
sequences [39]. A secure digital environment builds trust
among users and reduces resistance to adopting new digital
technologies. Therefore, confidence in data security is a criti-
cal enabler of DX adoption.

HS: A higher level of digital security positively influences
the intention to adopt DX in SPUs.
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c) Ease of Use (EU)

According to TAM, ease of use is a core predictor of tech-
nology adoption [21]. When digital tools are perceived as in-
tuitive and user-friendly, individuals are more likely to ex-
plore and apply them in their work. Ease of use also influ-
ences trust and satisfaction, both of which contribute to long-
term engagement [40]. In the context of higher education,
simple interfaces reduce learning curves for faculty and staff
and encourage quicker adoption.

H6: The perceived ease of use of DX solutions positively
influences the intention to adopt DX in SPUs.

d) Usefulness (UF)

Perceived usefulness is among the strongest predictors of
technology adoption in the TAM framework. In higher edu-
cation, digital tools are more likely to be adopted if users be-
lieve they improve teaching, learning and administrative effi-
ciency [41]. Technologies that support personalised instruc-
tion and streamline processes are especially valued, as they
contribute to both student outcomes and institutional perfor-
mance [42]. When users recognise the practical benefits of
DX, they are more motivated to support its adoption.

H7: The perceived usefulness of DX positively influences
the intention to adopt DX in SPUs.

Environmental Context

The external environment, heavily influenced by govern-
ment directives such as Vision 2030, is a primary driver of
DX in SPUs. National policies create a direct regulatory pres-
sure for modernisation, while competitive dynamics between
institutions also foster innovation. At the same time, the
evolving Saudi labour market demands graduates with ad-
vanced digital skills. This pressure for skilled graduates, com-
bined with the need for internal faculty and staff to be digitally
competent, creates a significant challenge for universities to
address the overall skills gap.

a) Regulatory Environment (RE)

The regulatory environment plays a vital role in enabling
or restricting DX in public institutions. In Saudi Arabia,
higher education policies and budgetary frameworks strongly
influence the scope and pace of DX adoption. Supportive gov-
ernment policies, such as Vision 2030, encourage investment
in digital tools, infrastructure and human capital [43]. Effec-
tive regulation helps create the conditions for innovation,
whereas rigid or unclear policies can limit institutional flexi-
bility [23]. A favourable regulatory climate increases confi-
dence and motivates universities to invest in digital initiatives.

H8: 4 flexible and supportive regulatory environment pos-
itively influences the intention to adopt DX in SPUs.

b) Competitive Pressure (CP)

Competitive pressure is a key external factor that drives in-
novation in higher education. When universities compete for
rankings, visibility or recognition, they are more likely to
adopt advanced digital tools to enhance teaching, research and
administration [44]. Institutions that seek to differentiate

themselves invest more in technology, which can improve
student outcomes and faculty productivity [45]. In Saudi Ara-
bia, competition among public universities creates momen-
tum for DX, pushing institutions to modernise quickly to re-
main relevant.

H9: Higher competitive pressure among universities posi-
tively influences the intention to adopt DX in SPUs.

c) Skills Gap (SG)

A major challenge facing DX in higher education is the
skills gap among students, faculty and staff. As digital tools
become central to education and work, institutions must ad-
dress deficits in both technical and soft skills to ensure readi-
ness for transformation [46]. Employers increasingly expect
digital fluency, critical thinking and adaptability, which are
not always part of traditional curricula [47].

Universities that align their teaching and training with
evolving workforce needs will be better positioned to adopt
digital technologies successfully. Addressing the skills gap
enhances both institutional effectiveness and graduate prepar-
edness [48], [49]. Thus, bridging this gap is essential to en-
suring DX efforts can be successfully implemented and sus-
tained.

H10: Addressing digital skills gaps positively influences
the intention to adopt DX in SPUs.

E. The Impact of DXA on SPUs

This study extends the TAM to link the intention to adopt
DX with its perceived impacts on university outcomes. These
impacts are framed as expected outcomes within a mixed-
methods approach, where the quantitative phase tests the hy-
pothesised relationships using survey data.

The hypotheses aim to investigate how various technolog-
ical, organisational and environmental factors influence the
intention to adopt DX, and how this intention relates to out-
comes such as institutional performance, administrative effi-
ciency, technical infrastructure and teaching and learning ef-
fectiveness.

The DXA-SPU framework, by combining the TAM and
TOE, offers a robust model for understanding the drivers of
DX in SPUs. It captures both individual perceptions and
broader institutional dynamics, making it a comprehensive
tool for analysing adoption behaviour and its anticipated im-
pacts. These hypotheses were tested to assess the relationships
between influencing factors, adoption intentions and institu-
tional outcomes, which are described below.

Institutional Performance (IP)

Digital transformation plays a growing role in enhancing
institutional performance across universities globally, includ-
ing Saudi public institutions. Studies in Saudi Arabia confirm
that DX can improve efficiency, leadership, research produc-
tivity and stakeholder engagement. For example, [50] shows
that DX supports academic and financial performance and
promotes sustainability through digital learning. Reference
[18] highlights the role of internal processes and routines in
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shaping transformation outcomes, while [51] connects lead-
ership styles to DX success. Data governance, as emphasised
by [20], is also essential for institutional performance. More-
over, as in [19], the study links DX to broader social and aca-
demic outcomes, including student engagement and well-be-
ing. Collectively, these studies indicate that DX contributes to
performance through operational, human and technological
improvements.

H11: Adopting DX in SPUs is expected to positively en-
hance institutional performance.

Administrative Efficiency (AE)

Digital transformation supports more efficient university
operations by streamlining workflows, integrating digital
tools, and enhancing stakeholder engagement. Research from
Saudi universities shows that knowledge management sys-
tems and cloud-based solutions can enhance administrative
agility and service quality [53], [54]. DX allows institutions
to reduce technical errors, improve decision-making, and
strengthen accountability through real-time data access [55],
[56]. Studies by [57], [58] show that user engagement, trust
and service efficiency improve when universities adopt digi-
tal public administration tools. These technologies also enable
the modernisation of resource management and coordination,
which is essential for competitiveness and institutional effec-
tiveness.

H12: Adopting DX in SPUs is expected to positively en-
hance administrative efficiency.

Technical Infrastructure (TI)

The shift toward DX has accelerated infrastructure devel-
opment in SPUs. Institutions have expanded their Information
and Communication Technology (ICT) capabilities, espe-
cially in response to the COVID-19 pandemic, which under-
scored the need for resilient e-learning platforms and remote
service access [59], [60]. Hence, robust infrastructure is criti-
cal for sustaining digital tools across academic and adminis-
trative systems [45], [61]. Moreover, Supportive ICT policies
and resource availability influence the digital readiness of
universities and their ability to scale technologies effectively
[62]. Therefore, investing in reliable and flexible infrastruc-
ture is essential for enabling long-term transformation.

H13: Adopting DX in SPUs is expected to positively en-
hance technical infrastructure.

Teaching and Learning Effectiveness (TLE)

Digital transformation significantly shapes the effective-
ness of teaching and learning in higher education. In SPUs,
DX enables more interactive, student-centred learning envi-
ronments, especially through online platforms and blended
learning methods [63]. Investments in digital hardware, con-
tent and staff training have improved e-learning quality and
digital literacy [64]. Studies also show that DX positively in-
fluences student engagement, professional development and
learning continuity during crises [65]. While DX introduces
new challenges, such as digital well-being and emotional ad-
justment, its benefits in learning outcomes and instructional
quality are well-documented [66]. Overall, DX supports a
more flexible, engaging and effective teaching and learning
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environment that meets evolving student and institutional
needs.

H14: Adopting DX in SPUs is expected to positively en-
hance teaching and learning effectiveness.

IV. STUDY METHODOLOGY

A. Approach and Sample

This study uses a mixed-methods approach to evaluate the
DXA-SPU framework. The quantitative phase tests relation-
ships using survey data, while a subsequent qualitative phase
is planned to explore contextual interpretations through inter-
views with IT managers.

The survey focused on three groups within SPUs: faculty
members, who include academic teaching and research staff;
administrators, who hold strategic or managerial positions
with university-wide decision-making authority; and staff,
which encompasses all other non-faculty employees, includ-
ing support and technical personnel. A stratified sampling
strategy was applied to ensure role-based representation. Ac-
cording to the General Authority for Statistics, the target pop-
ulation comprises approximately 134,000 members [67],
[68]. Using a 95% confidence level and 5% margin of error,
the minimum required sample size was 384. In 2024, the sur-
vey link was distributed to a random sample, yielding 447
valid responses, exceeding the threshold for robust analysis.

B. Survey Implementation

The primary objective of the survey was to examine the re-
lationships between the DXA-SPU framework constructs and
the intention to adopt DX in SPUs. The questionnaire con-
sisted of three parts: Part I (7 questions) gathered demo-
graphic and contextual data, Part II (40 questions) assessed
ten influencing factors (e.g., Collaboration and Coordination,
Ease of Use), and Part III (16 questions) evaluated four impact
constructs (e.g., Teaching and Learning Effectiveness). Each
construct was measured with five Likert-scale questions to
support reliable statistical analysis. The survey instrument is
accessible for review online at [Survey for SPU].

A pilot study was conducted prior to the main survey to test
the clarity and reliability of the questionnaire. The pilot in-
volved a small group of university stakeholders, targeting 20
responses, with 25 responses received. Feedback led to minor
adjustments in wording and layout to enhance clarity, but no
substantive changes to the questions were required.

The main survey was conducted from August 15 to No-
vember 15, 2024, using an online survey platform. The instru-
ment was developed in English and translated into Arabic to
accommodate participant preferences. Over 700 question-
naires were randomly distributed to faculty, administrative,
and staff members across SPUs. Of these, 551 questionnaires
were completed, but only 447 (81%) responses were accurate
and suitable for analysis, while 104 (19%) were deemed inva-
lid.

Participants were informed of the study’s purpose, and con-
fidentiality was assured prior to participation. Ethical ap-
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proval was obtained from the university research ethics com-
mittee, and informed consent was secured from all partici-
pants. No personal identifiers were collected, and data were
securely stored for academic research purposes only.

The quantitative data were analysed using SEM with IBM
AMOS 29, incorporating Confirmatory Factor Analysis
(CFA) to evaluate the measurement model. Internal con-
sistency was assessed using Cronbach’s Alpha, convergent
validity using Composite Reliability (CR) and Average Vari-
ance Extracted (AVE), and discriminant validity using Maxi-
mum Shared Variance (MSV). Model fit was evaluated
through indices such as y*df (CMIN/DF), Comparative Fit
Index (CFI), Root Mean Square Error of Approximation
(RMSEA), and Standardised Root Mean Square Residual
(SRMR).

V.STUDY RESULTS

A. Data Collection and Screening

Table II. details the demographic profile of the respond-
ents, which shows a diverse group from SPUs. Most partici-
pants were female (53.2%), while males made up 45.4%. A
small number (1.3%) preferred not to state their gender. The
largest age group was 31-45 years (73.2%), followed by those
aged 18-30 (19.7%).

Regarding education, 49.7% held a master’s degree and
36.2% held a doctorate. This suggests that most respondents
were well educated. Regarding their roles, 67.3% were faculty
members, 16.8% were staff, and 15.9% worked in administra-
tion. Almost half (49.0%) had over ten years of experience at
their university. Others had 5-10 years (27.0%) or 1-4 years
(21.0%) of experience.

A majority (66.7%) were aware of national DX programs
such as the Vision 2030 NTP. Similarly, 69.1% were familiar
with their university’s DX efforts.

Many participants viewed DX as effective. Approximately
34.7% reported that it was very effective, and 29.5% consid-
ered it moderately effective. Satisfaction levels were also
high. Around 41.9% were somewhat satisfied, while 12.0%
were extremely satisfied.

Overall, the respondents were experienced, informed, and
qualified to provide feedback on the adoption of DX.

Data screening confirmed the dataset's suitability for anal-
ysis. The Z-score analysis revealed no significant outliers, and
the skewness and kurtosis values fell within +2.0, indicating
normality. Missing values were below 10%, requiring no im-
putation [69]. These checks validated the integrity of the da-
taset for SEM analysis.

B. Measurement Model Assessment

Confirmatory Factor Analysis was used to assess the valid-
ity and reliability of the measurement model. All standardised
factor loadings exceeded 0.50, indicating that the items
aligned with their respective constructs.

Table III shows that internal consistency was verified using
Cronbach’s Alpha and CR, with all values above the 0.70

TABLE II.

DEMOGRAPHIC STATISTICS FOR THE PARTICIPANTS

Gender N %
Male 203 45.4%
Female 238 53.2%
Prefer not to say 6 1.3%
Age N %
18-30 88 19.7%
31-45 327 732%
46 - 60 28 6.3%
60+ 4 0.9%
Position N %
Administrator 71 15.9%
Faculty 301 67.3%
Staff 75 16.8%
Years of Experience N %

1-4 94 21.0%
5-10 121 27.0%
10+ 221 49.0%
Education Level N %
Diploma 13 2.9%
Bachelor 50 11.2%
Master 222 49.7%
Doctorate 162 36.2%
DX Impact N %
Not effective at all 40 8.9%
Slightly effective 68 15.2%
Moderately effective 132 29.5%
Very effective 155 34.7%
Extremely effective 52 11.6%
DX Awareness N %
Yes 309 69.1%
No 138 30.9%
Approach Satisfaction N %
Extremely 19 4.3%
Somewhat 71 16.1%
Neither satisfied nor dissatistied 72 16.4%
Somewhat satisfied 184  41.2%
Extremely satisfied 54 12.1%

threshold. Convergent validity was supported through AVE,
with values exceeding 0.50. Discriminant validity was estab-
lished as all constructs showed AVE values greater than the
MSV.

Model fit indices also indicated an acceptable model fit:

o ?/df=1.445
e CFI=0.968
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TABLE III.

CONSTRUCT VALIDITY AND RELIABILITY

Constructs (C;;)(:)I:}l;a&l;) CR AVE MSV
ES 952 0.952 0.833 0.130
CcC 923 0.923 0.751 0.045
FR 816 0.817 0.528 0.123
CcX .872 0.877 0.643 0.130
SC .902 0.903 0.701 0.102
EU 910 0.910 0.717 0.264
UF 914 0.915 0.730 0.308
RE 938 0.939 0.793 0.088
Cp .907 0.907 0.709 0.278
SG 931 0.931 0.772 0.306
1P 918 0.918 0.737 0.585
AE 925 0.925 0.755 0.555
TI .920 0.921 0.744 0.585
TLE 916 0.919 0.741 0.575
ES 952 0.952 0.833 0.130

e RMSEA =0.032
e NFI=0.902

These results indicate that the measurement model is robust
and well-constructed.

C. Structural Model Assessment

The structural model tested the hypothesised relationships
between the factors influencing the intention to adopt DX and
the perceived impacts of adoption. Path coefficients and sig-
nificance levels were estimated using SEM.

Table IV presents the results of the structural model.
Among the adoption factors (HI1-H10), Effective Strategy
(ES) showed a significant positive effect on DX adoption (B
=0.121, p=0.001). However, Collaboration and Coordina-
tion (CC) showed no significant effect on DX adoption ( = -
0.009, p =0.773). This unexpected result may stem from lim-
ited cross-departmental structures in SPUs, as bureaucratic si-
los could hinder collaborative efforts [70]. In addition, the
measurement of the CC construct might not fully reflect the
dynamics among stakeholders. This indicates that future stud-
ies may benefit from developing more refined survey items.

Moreover, Complexity (CX) had a significant positive ef-
fect (B=0.181, p <0.001), suggesting that manageable com-
plexity supports adoption. Funding and Resources (FR) was
also significant (B = 0.184, p = 0.002), showing the im-
portance of institutional support. Security (SC) (B =0.131, p
= 0.003) and Ease of Use (EU) (B = 0.103, p = 0.047) both
had significant positive impacts. Usefulness (UF) was the
strongest predictor (B =0.272, p <0.001), highlighting its sig-
nificant role. Regulatory Environment (RE) was also signifi-
cant (§ =0.091, p=0.009).
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TABLE V.

RESULTS OF ANALYSIS OF HYPOTHESIS PATH FOR THE
DXA-SUPS FRAMEWORK

Standar

e Strucwral (S d L
sis Weight (S.E.) (CR) e
HI  DX<—ES .21 037 3256 001
H2 DX<—CC  -009 031 -288 773
H3 DX «— FR 184 .059 3.099 .002
H4 DX—CX .18l 054 3364 ek
HS DX<SC .31 044 2995 003
H6 DX «— EU .103 .052 1.983 .047
H7 DX« UF 272 049 5.539 ok
H8 DX<—RE .09 035 2613 .00
HY DX<CP  .100 055 1822 068
HI0 DX<—SG 239 052 4601 e
HIl P DX 629 043 14491 ®e
HI2 AE<DX 753 047 16.004 e
HI3  TI— DX 683 046 14990  ***
HI4 TLE<DX  .639 049 13.165  ***

NOTE: (“**<SIGNIFICANCE AT THE 0.001 LEVEL”)

Likewise, Competitive Pressure (CP) approached signifi-
cance (B = 0.100, p = 0.068). While not statistically signifi-
cant at the conventional 0.05 level, this finding suggests a
marginal influence. The Skills Gap (SG) showed a strong pos-
itive effect (B = 0.239, p < 0.001), underscoring the role of
digital competencies.

All four impact hypotheses (H11-H14) were supported. /n-
stitutional Performance (IP) was significantly predicted by
DX adoption (f = 0.629, p < 0.001), followed by strong ef-
fects on Administrative Efficiency (AE) (B=0.753,p <
0.001), Technical Infrastructure (TI) (B = 0.683, p < 0.001),
and Teaching and Learning Effectiveness (TLE) (= 0.639, p
< 0.001). These findings suggest that DX adoption is associ-
ated with broad and substantial institutional benefits.

Overall, twelve out of fourteen hypotheses were supported.
The results empirically support the DXA-SPU framework,
demonstrating its relevance to SPUs.
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D. Summary of Findings

The results of the quantitative analysis provide strong em-
pirical support for the DXA-SPU framework. Perceived use-
fulness, skills gap and complexity emerged as the most influ-
ential factors, while collaboration and coordination, and com-
petitive pressure did not show a significant effect in this con-
text.

The extension of the TAM was also empirically supported,
as the intention to adopt DX was found to significantly impact
all four key outcome areas: institutional performance, admin-
istrative efficiency, technical infrastructure and teaching and
learning effectiveness. Among these, administrative effi-
ciency showed the strongest relationship, suggesting that DX
is especially effective in enhancing internal operational pro-
cesses.

These findings not only reinforce the relevance of the TAM
and TOE in higher education settings but also highlight the
strategic role of DX in improving institutional outcomes.

VI. DISCUSSION

The results support the relationships proposed by the DXA-
SPU framework, demonstrating how organisational, techno-
logical, and environmental factors influence adoption (see
Fig. 2). This outcome strengthens the theoretical validity of
integrating TAM and TOE for analysing DX adoption.

These findings extend the applicability of TAM and TOE
in higher education settings, providing empirical support for
the framework's multidimensional design. Such validation of-
fers practical and theoretical contributions, particularly in
non-Western, public-sector contexts, such as Saudi Arabia.

Organisational Context

Hi

In the organisational context, effective strategy and funding
and resources significantly influenced adoption, consistent
with prior research emphasising the importance of institu-
tional planning and leadership commitment [71], [72]. How-
ever, the factor of collaboration and coordination was not sup-
ported, indicating that cross-departmental integration may not
yet be strong or institutionalised enough to shape adoption be-
haviours. This suggests an opportunity for organisational de-
velopment initiatives that promote structured collaboration
and digital governance.

Within the technological dimension, perceived usefulness
and ease of use emerged as strong predictors of adoption in-
tention, reinforcing the applicability of the TAM in the higher
education context. The finding that lower system complexity
positively influences adoption underscores the need for intui-
tive, interoperable digital systems that minimise disruption
during adoption. The significance of security also reflects in-
creasing institutional awareness of data protection and pri-
vacy challenges in digital environments [73].

Regarding environmental influences, the regulatory envi-
ronment demonstrated statistical significance, reaffirming
that national policies, especially those tied to Vision 2030, are
powerful motivators for DX in SPUs. In contrast, competitive
pressure approached significance but was not statistically
supported at the conventional level. While some literature
suggests that competitive dynamics drive innovation, the in-
significant finding in this specific context may imply that, for
SPUs operating under strong governmental directives, top-
down policy mandates (such as Vision 2030) currently exert
a more direct and statistically dominant influence on DX
adoption than inter-university competition. Meanwhile, the
influence of the skills gap confirms that digital readiness

Effective Strategy (ES) =
golla(li)'oraglon 8&: —H2__ = = Hu s Institutional
oordination (CC) g Performance (IP)
Funding & Resources (FR) —_H3 g
=)
: <
Technological Context ) Hiz 5 Administrative
Complexity (CX) ___Hy % Efficiency (AE)
=)
Security (SC) _HEﬁ '-E
Ease of Use (EU) —Hi— g H1 dechaical
Hy % Infrastructure (TI)
Usefulness (UF) g
=
Environmental Context = H1 Teaching &
= - Learning
Regulatory Environment (RE) % = Effectiveness (TLE)
Competitive Pressure (CP) . . >
Skills Gap (SG) Hio

Fig. 2 Fig. 2 The Revised Version of the Comprehensive Framework for DXA-SPU
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among staff and students remains a challenge, despite strate-
gic alignment at the policy level [74].

The extended TAM results confirm that adoption intention
is strongly associated with multiple institutional outcomes.
These include improvements in operational efficiency, infra-
structure resilience, and academic delivery, reinforcing the
strategic significance of DX adoption in the SPU context.

Overall, these results underscore that successful DX adop-
tion depends not only on the availability of technology but
also on strategic planning, institutional preparedness and
alignment with national reform agendas.

VII. CONCLUSION

This study provides empirical support for the novel DXA-
SPU framework, integrating the TAM and TOE frameworks
to examine DXA in SPUs. Survey data from 447 participants
supported 12 of 14 hypotheses, identifying perceived useful-
ness, ease of use, regulatory alignment, and skills gap as key
adoption drivers. DX adoption significantly enhances institu-
tional performance, administrative efficiency, technical infra-
structure, and teaching effectiveness, aligning with Vision
2030’s educational reform goals.

The non-significant collaboration and coordination (CC)
and competitive pressure (CP) hypotheses suggest a need for
stronger interdepartmental mechanisms, such as cross-depart-
mental task forces, to foster stakeholder engagement. Collec-
tively, they indicate that internal organisational factors or top-
down strategic mandates may currently be more critical driv-
ers of DX adoption in this context.

The DXA-SPU framework offers significant contributions
to both theory and practice. Theoretically, it adapts and com-
bines the TAM and TOE frameworks to specifically address
the unique context of SPUs, reflecting their national goals, in-
stitutional structures, and digital priorities. Practically, it pro-
vides an empirically supported tool for SPUs leaders to assess
DX readiness and align their strategies with Vision 2030.

This study is based on self-reported perceptions, offering
valuable insights into behavioural intention but not fully cap-
turing actual adoption. Although the sample size was statisti-
cally sufficient, it may not fully represent the full diversity of
stakeholder perspectives across all SPUs. To address these
limitations, the following research phase will involve com-
pleting the qualitative phase by October 2025, with interviews
of 10-15 IT managers to validate the findings and explore im-
plementation dynamics.

While this framework was designed and validated in the
context of SPUs, it may also be applicable in similar contexts
in other countries. Moreover, a comparative analysis of the
results with findings from other cultures would be a particu-
larly valuable extension to assess the framework's broader ap-
plicability. Such research could further support the develop-
ment of effective DX strategies and inform national education
policy planning initiatives.
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