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Abstract—Digital transformation (DX) adoption in Saudi 

public universities is shaped by centralised governance and 

national policy, notably Vision 2030, which existing Western 

models often fail to capture. This study examines and extends the 

Digital Transformation Adoption framework (DXA-SPU) 

through a sequential explanatory mixed-methods design, 

combining structural equation modelling of survey data with 

thematic analysis of interviews with senior IT leaders. Results 

reveal that adoption is governed by Phase-Dependent Drivers: 

national mandates and Strategy trigger the initial decision, while 

Collaboration and Coordination facilitate implementation. We 

further identify Cumulative Institutional Impacts, in which 

operational gains in Infrastructure and Efficiency precede later 

improvements in Teaching and Institutional Performance. 

Theoretically, the study reconceptualises governance structure 

as the determinant of factor timing; methodologically, it shows 

how explanatory mixed-methods resolve non-significant survey 

paths; practically, it offers university leaders a staged template 

for managing digital change. As a cross-sectional, single-country 

study, it invites longitudinal and comparative validation.   

Index Terms—Digital transformation, Institutional impacts, 

Phase-Dependent Drivers, Cumulative Impacts,  Mixed-

Methods Research, Saudi public universities, TAM, TOE, Vision 

2030, Institutional Performance, Thematic analysis. 

I. INTRODUCTION 

IGITAL transformation (DX) is now a strategic issue in 

higher education. It is not only about new tools and tech-

nologies, but also about changes in how universities plan, de-

liver services, and organise work [1, 2, 3]. In Saudi Arabia, 

this shift is tied to Vision 2030 and the National Transfor-

mation Program [4, 5], which aim to modernise public ser-

vices and strengthen the knowledge economy [6, 7]. Saudi 

public universities (SPUs) are central to that agenda, yet many 

still face challenges in readiness, governance, and strategic 

alignment despite major investment in digital infrastructure 

[8, 9]. 

Much of the literature on DX adoption in higher education 

draws on models developed in Western or private-sector set-

 

 

tings [10, 11]. Although useful, such work does not fully re-

flect the conditions in public universities operating under cen-

tralised governance and national policy direction. In the Saudi 

case, adoption decisions are shaped simultaneously by user 

perceptions, institutional hierarchy, and state regulation. This 

mix has received limited attention in the relevant literature. 

The DXA-SPU framework was developed for this deci-

sion-making setting by combining the Technology Ac-

ceptance Model (TAM) and the Technology-Organisation-

Environment (TOE) framework [11, 12]. Our earlier work 

tested this framework with survey data from 447 participants 

[13]. While 12 of the 14 hypotheses were supported, quanti-

tative methods are inherently limited to identifying statistical 

associations. It cannot explain the institutional processes or 

the logic behind adoption decisions. Our earlier work also did 

not explore whether this non-significance reflected the fac-

ulty-dominated nature of its sample. 

This paper addresses these gaps by introducing the con-

cepts of Phase-Dependent Drivers and Cumulative Impacts. 

We demonstrate that the importance of adoption factors is not 

static throughout the project lifecycle. Instead, drivers such as 

collaboration shift from being non-significant during the ini-

tial decision phase to becoming critical during implementa-

tion. 

This paper differs from our earlier work [13] in three con-

crete ways. First, it contributes new primary data: whereas 

[13] analysed survey responses from 447 participants (67.3% 

academic faculty), this study draws on original interviews 

with 11 senior IT leaders who direct institution-level adop-

tion, a population absent from the prior study. Second, it ad-

vances new theoretical constructs, Phase-Dependent Drivers 

and Cumulative Institutional Impacts, that were neither pro-

posed nor testable in the cross-sectional quantitative design. 

Third, it makes an explanatory contribution that the prior pa-

per could not explicitly make at the statistical analysis stage. 

It resolves the two satistically non-significant survey paths 

(Collaboration and Coordination, Competitive Pressure) by 

showing they are not weak factors but factors that act at a later 
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project phase. In short, [13] established which factors corre-

late with adoption; this paper explains how and why they op-

erate, and when each becomes influential. 

The current study presents the qualitative phase of the re-

search design. We interviewed top-level decision-makers to 

explain the mechanisms behind our previous statistical re-

sults. This study provides a dynamic framework for digital 

transformation in centralised governance settings. 

Section II reviews related work and the framework. Section 

III outlines the method. Section IV presents the findings, re-

capping the quantitative results before the qualitative analy-

sis. Section V discusses both strands together, and Section VI 

concludes. 

II. LITERATURE REVIEW 

Research on digital transformation in higher education has 

grown rapidly, but most studies still rely on surveys, structural 

models, or secondary data to identify factors influencing 

adoption [10]. Far fewer studies examine how adoption deci-

sions are made inside universities. Where qualitative work ex-

ists, it often focuses on a single tool, such as an e-learning 

platform or learning management system, rather than a uni-

versity-wide DX [14, 15]. As a result, existing research pro-

vides limited insight into the decision processes and institu-

tional choices that underlie the statistical findings reported in 

quantitative studies. 

Governance structure is central to understanding adoption 

in this context. Institutional perspectives on technology adop-

tion have long recognised that in public sector organisations, 

governance arrangements shape how technologies are 

adopted and enacted in practice. Fountain's technology enact-

ment framework argues that institutional arrangements, in-

cluding cognitive, cultural, and legal structures, determine 

how objective technologies become enacted differently across 

organisations [16]. Dunleavy's Digital Era Governance ap-

proach similarly argues that in public institutions, organisa-

tional structure and process change drive technology adop-

tion, not the other way around [17]. TAM [12] and TOE [11], 

two widely applied adoption frameworks, were developed 

and tested in settings where organisations have broad inde-

pendence in technology decisions. In that literature, collabo-

ration and competitive pressure are often treated as direct 

drivers of adoption [18, 19]. Saudi public universities operate 

differently: Vision 2030 and the National Transformation 

Program shape strategy, funding, and performance expecta-

tions [6]. In this context, adoption decisions are influenced by 

compliance and top-down direction as much as by internal 

agreement or peer competition. 

Studies in Saudi Arabia have examined attitudes to DX [8], 

requirements for transformation [9], organisational routines 

[20], data governance [21], the effect of COVID-19 on digital 

adoption [22], and the role of digital learning in sustainable 

development [23]. These studies are valuable, but most focus 

on one part of the problem at a time. They do not provide an 

integrated account of how organisational, technological, and 

environmental factors interact in DX adoption, nor do they 

consider the impacts of DX.  Our paper provides qualitative 

evidence on how these factors operate in practice and why 

some expected relationships do not hold in the Saudi govern-

ance setting. 

Survey-based studies identify which factors correlate, but 

provide less insight into how decisions are made and why a 

factor that is salient in practice may not emerge as a direct 

statistical predictor [24]. For that reason, qualitative evidence 

is especially valuable when a study seeks to explain non-sig-

nificant paths in an adoption model rather than confirm ex-

pected ones [24]. 

In this study of SPUs, where national programmes, minis-

terial direction, and institutional hierarchy shape major in-

vestment decisions, adoption cannot be understood solely in 

terms of individual perceptions. The decision to launch a dig-

ital initiative may be made at the top, while the coordination, 

local adjustments, and user acceptance occur later. Our study 

addresses this gap by showing how the same factor can have 

different effects at different stages of the adoption process. 

Therefore, this study positions the qualitative phase as an 

analytical bridge rather than a supplement to the survey. As 

argued by [24], this approach uses qualitative data to explain 

and elaborate initial quantitative patterns, interpreting factors 

that are highly visible in practice yet emerged as weak statis-

tical predictors. 

A. The DXA-SPU Framework 

The DXA-SPU framework combines TAM and TOE to ex-

amine DX adoption at the institutional level in SPUs [13]. 

TAM contributes to perceived ease of use and perceived use-

fulness [12]. TOE captures organisational, technological, and 

environmental conditions that shape adoption in public insti-

tutions. The framework includes 10 factors related to the in-

tention to adopt DX (H1-H10) and 4 institutional outcome 

constructs (H11-H14). Full framework development is re-

ported in [13]. 

The organisational context includes Effective Strategy 

(ES), Collaboration and Coordination (CC), and Funding and 

Resources (FR). The technological context covers Complex-

ity (CX), Security (SC), Ease of Use (EU), and Usefulness 

(UF). The environmental context captures Regulatory Envi-

ronment (RE), Competitive Pressure (CP), and Digital Up-

skilling (DU). The outcome side includes Institutional Perfor-

mance (IP), Administrative Efficiency (AE), Technical Infra-

structure (TI), and Teaching and Learning Effectiveness 

(TLE). 

III. STUDY METHODOLOGY 

This study employed a sequential explanatory mixed-meth-

ods design to bridge the gap between statistical outcomes and 

institutional reality [24]. The primary rationale for this design 

was to provide a deeper explanation of the "how" and "why" 

behind the results of the initial quantitative phase (n=447) 

[13]. Specifically, while the survey confirmed the majority of 

the hypothesised relationships, it could not explain why Col-

laboration and Coordination and Competitive Pressure were 
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non-significant in the Saudi context. By following the survey 

with qualitative interviews, this study explores whether these 

factors are truly secondary or if their influence is Phase-De-

pendent, shifting as a project moves from a top-down mandate 

to operational implementation. 

Participant Selection and Sampling Logic  

Purposive sampling was used to recruit 11 senior IT leaders 

across various Saudi Public Universities between June and 

September 2025. Purposive sampling is appropriate here be-

cause the study targets a specifically informed population, 

those who direct institution-level adoption, rather than a sta-

tistically representative one; this elite-informant logic is 

standard for the explanatory phase of a mixed-methods de-

sign. These participants were selected because they occupy a 

critical governance role, translating national strategic man-

dates into practical technology adoption. This selection also 

addresses a demographic limitation in the previous study 

phase, which relied heavily on academic faculty (67.3% of 

respondents). Unlike faculty, senior IT leaders are directly in-

volved in system rollouts and manage the technical complex-

ities that define the institutional adoption process. Each par-

ticipant was required to have led a major digital transfor-

mation project within the last three years, ensuring the data 

reflects current institutional realities under the Saudi Vision 

2030 framework. 

Data Collection and Ethical Procedures 

The qualitative data were gathered through semi-structured 

interviews lasting 45 to 60 minutes. These sessions were con-

ducted either in person or via Zoom, recorded, and transcribed 

verbatim for analysis. The 39-question interview guide was 

mapped directly to the DXA-SPU framework constructs, such 

as Perceived Usefulness, Security, and Complexity, distrib-

uting roughly two to three open questions across each of the 

fifteen constructs rather than over-burdening any single 

theme. This alignment allowed the qualitative evidence to be 

correlated directly with the survey variables while still per-

mitting an open-ended exploration of unexpected results.  

Ethical approval for this study was obtained from the Uni-

versity of Sussex Sciences and Technology Cross-Schools 

Research Ethics Committee (ref ER/SA2142/3). All partici-

pants provided informed consent and were de-identified using 

codes P1–P11 to ensure institutional confidentiality. 

Thematic Analysis and Trustworthiness  

To ensure a rigorous analytical process, the interview data 

were processed through a multi-stage thematic analysis in 

NVivo [25]. The coding strategy was both deductive and in-

ductive: an a priori codebook ensured alignment with the 

DXA-SPU constructs, while open coding allowed for the 

emergence of "temporal sequence" and "cumulative impact" 

patterns. To enhance interpretative consistency, a peer-check-

ing process was implemented where a second researcher re-

viewed a subset of the transcripts. Thematic saturation was 

assessed iteratively throughout the process. The later inter-

views confirmed and elaborated on patterns already estab-

lished in the earlier ones rather than introducing new thematic 

categories, indicating that saturation had been reached within 

the sample. 

IV. FINDINGS 

This section summarises the quantitative results [13]. Table 

I reproduces the structural model results from that prior work; 

these values are not re-estimated here. They are presented 

solely to make the sequential design transparent and to iden-

tify the patterns, particularly the non-significant paths for Col-

laboration and Coordination (H2) and Competitive Pressure 

(H9), that the qualitative phase was designed to explain. 

Eight out of ten hypotheses related to DX Adoption were 

supported. Perceived Usefulness had the largest effect (β = 
.272, p < 0.001), followed by Digital Upskilling (β = .239, p 
< 0.001), Funding and Resources (β = .184, p = 0.002), Com-
plexity (β = .181, p < 0.001), Security (β = .131, p = 0.003), 
Effective Strategy (β = .121, p = 0.001), Ease of Use (β = .103, 
p = 0.047), and Regulatory Environment (β = .091, p = 0.009). 
Two hypotheses were not supported: Collaboration and Coor-

dination (H2: β = −0.009, p = .773) and Competitive Pressure 

(H9: β = .100, p = 0.068). All four Impact hypotheses (H11 to 
H14) were strongly supported, with Administrative Effi-

ciency showing the largest coefficient (β = .753, p < 0.001), 
followed by Technical Infrastructure (β = .683, p < 0.001), 

Teaching and Learning Effectiveness (β = .639, p < 0.001), 
and Institutional Performance (β = .629, p < 0.001). Table I 
summarises these results. 

TABLE I. 
SUMMARY OF HYPOTHESIS TESTING RESULTS 

H Path β S.E. C.R. P Result 

H1 DX ← ES .121 .037 3.256 .001 Supported 

H2 DX ← CC –.009 .031 –.288 .773 Not Supported 

H3 DX ← FR .184 .059 3.099 .002 Supported 

H4 DX ← CX .181 .054 3.364 *** Supported 

H5 DX ← SC .131 .044 2.995 .003 Supported 

H6 DX ← EU .103 .052 1.983 .047 Supported 

H7 DX ← UF .272 .049 5.539 *** Supported 

H8 DX ← RE .091 .035 2.613 .009 Supported 

H9 DX ← CP .100 .055 1.822 .068 Not Supported 

H10 DX ← DU .239 .052 4.601 *** Supported 

H11 IP ← DX .629 .043 14.491 *** Supported 

H12 AE ← DX .753 .047 16.004 *** Supported 

H13 TI ← DX .683 .046 14.990 *** Supported 

H14 TLE ← DX .639 .049 13.165 *** Supported 

Note: *** = significance at the 0.001 level. Source: [13]. 

The non-significance of Collaboration and Coordination 

and Competitive Pressure is notable, as our interviewees iden-

tified both as essential drivers in practice, a visibility also re-

ported in [20, 26]. Therefore, the qualitative analysis ad-

dresses this gap by examining decision-making processes, im-

plementation conditions, and participants’ interpretations of 
DX's institutional impacts. 
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This section presents the findings from the thematic analy-

sis of interviews with 11 senior IT leaders across Saudi public 

universities. The analysis was framework-guided, using the 

DXA-SPU constructs to organise and interpret the interview 

evidence. At the same time, broader patterns emerged from 

participants' interpretations of how digital transformation is 

decided, implemented, and experienced in their institutions. 

Thematic analysis of the interviews produced four themes: 

(1) Institutional Alignment and Support, (2) Trusted and Ef-

fortless Experience, (3) External Mandates and Pressures, and 

(4) Operational and Educational Gains.  

A. Institutional Alignment and Support 

Interviewees described digital transformation as gaining 

momentum when it was tied to institutional priorities and na-

tional goals. For participants, Strategy functioned as the pri-

mary mechanism for translating national objectives into spe-

cific projects. For instance, P5 noted that Strategy supported 

data-driven decision-making and a digital culture, while P10 

viewed it as a path to leadership in e-learning. In these ac-

counts, Strategy was more than a formal statement; it was the 

tool used to turn national goals into institutional priorities: 

"Our digital transformation strategy is not just about technol-

ogy; it is deeply connected with the national goals of Saudi 

Vision 2030. We are focused on using technology to create 

tangible benefits for our society." (P1) 

When asked why Collaboration and Coordination did not 

emerge as a significant driver in the earlier survey, P1 ex-

plained: "This perception is likely because the core decision 

to start a digital transformation project is a strategic, top-

down decision from our top leadership. This is especially true 

when it is connected to a national plan like Saudi Vision 

2030." (P1) 

The practical value of Collaboration and Coordination is 

most significant after a project has moved from approval to 

execution. This distinction between strategic adoption and op-

erational implementation is reinforced by how universities 

manage Collaboration and Coordination, as stated by P1. 

While coordination through steering committees and routine 

feedback channels, such as Blackboard and internal service 

platforms, is evident in daily service improvements, it rarely 

influences the initial decision to adopt a major digital initia-

tive. For instance, P11 described a campus-wide scheduling 

project, in which disagreements were managed through cen-

tralised tracking and early stakeholder engagement rather than 

broad consultation. When internal disagreements over priori-

ties occur, institutions rely on such central project manage-

ment to ensure execution without reopening the adoption de-

cision. Consequently, Collaboration and Coordination func-

tion as an implementation-stage facilitator rather than a stra-

tegic trigger, explaining the non-significance of H2. 

Funding was treated as essential, but mostly as a question 

of pace and scale. P3 explained how endowment companies 

add to government funding, including a programme that of-

fers up to 50,000 riyals for medium-sized research projects. 

P4 described cost-control strategies, such as outsourcing non-

critical services. Interviewees did not present funding as the 

sole factor determining whether DX would be adopted. They 

described it as the factor that shaped what could be done, how 

fast, and at what scale. 

B. Trusted and Effortless Experience 

The technological side of DX was described in practical 

terms. Interviewees focused on trust, ease of use, and clear 

value. They also returned repeatedly to one problem: new sys-

tems must work with old ones. 

Legacy systems integration was the most common imple-

mentation problem. P1 said, "The primary difficulty is inte-

grating new, modern tools with our existing legacy plat-

forms." P5 linked poor compatibility to delays, errors, and 

lower confidence in new systems. P2 added that upgrades re-

quire careful planning so that integration and security are 

managed together. Universities responded with pilot testing, 

phased rollouts, and close work with vendors. P11 gave a con-

crete example: an AI-based attendance system failed to sync 

with biometric devices, so the university restored manual 

tracking while the vendor developed a patch. This episode 

showed the importance of pre-deployment testing and backup 

procedures. 

Security was treated as a threshold issue that participants 

(P1, P9) directly linked to institutional trust and operational 

reliability. Beyond technical protocols, such as pre-approval 

security checks and incident response procedures, the inter-

views revealed that Security is intrinsically connected to 

Complexity. This is demonstrated by the practice of pausing 

deployments or reverting to stable versions to prevent service 

disruption when integration fails. Consequently, in a central-

ised environment, Security is not merely an isolated technical 

requirement but a continuous process of managing the Com-

plexity inherent in integrated systems. 

Ease of use was discussed less as convenience and more as 

inclusion. P3 stressed user-friendly design and guides for sys-

tems such as Blackboard and a university communication 

platform, adding, "Ease of use is crucial." P10 said the goal 

was to make systems simple enough for everyone to benefit. 

When systems are hard to use, less confident staff often return 

to manual work, which limits wider adoption. 

Usefulness was the clearest reason for support. P5 said, "I 

think they are extremely useful. Our research shows a direct 

and positive impact. For efficiency, data-driven decision-

making has the highest correlation with continuous improve-

ment." Participants linked usefulness to things they had seen 

directly, such as faster administration and better teaching de-

cisions. This underpins Perceived Usefulness (H7) as the 

strongest predictor of adoption intention. 

C. External Mandates and Pressures 

Environmental conditions also mattered, but not in the 

same way. Interviewees spoke about regulation, competition, 

and skills, each working at a different point in the process. 

The Regulatory Environment was described less as a 

checklist and more as a basis for institutional confidence and 
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legitimacy. Alignment with Saudi Vision 2030, the Digital 

Government Authority, and national cybersecurity standards 

(P4, P9) allows senior leaders to justify investment and de-

fend decisions internally. In this sense, regulation does not 

constrain action; instead, it reduces uncertainty by providing 

a formal basis for institutional and political alignment. This 

explains why Regulatory Environment emerged as a signifi-

cant driver. 

In contrast, Competitive Pressure was described as a sec-

ondary influence rather than a primary trigger for adoption. 

While participants like P7 noted it as a factor in specific AI 

and data science investments, most institutions monitor peers 

primarily through rankings and networks to shape their posi-

tioning once a project is underway. While the two forces are 

present simultaneously, they operate at different points: Reg-

ulatory Environment triggers the initial strategic decision, 

whereas Competitive Pressure influences how universities ad-

vance their endeavours. 

While Digital Upskilling emerged as a strong predictor in 

the survey, the interviews show it is a manageable impedi-

ment rather than a constant barrier. Participants (P2, P6) de-

scribed how universities mitigate this gap through key user 

testing, targeted workshops, and phased platform introduc-

tions. This clarifies the quantitative significance of Digital 

Upskilling: the primary challenge was not an inherent lack of 

capacity but rather weak support structures that hindered the 

pace of adoption. When these support systems are visible and 

integrated into routine practices, adoption accelerates. 

D. Operational and Educational Gains 

When discussing systems already in use, interviewees 

spoke less about adoption and more about what they believed 

had changed. Two patterns emerged from the interviews. 

First, participants often described outcomes as becoming eas-

ier to observe once systems had stabilised and routine use had 

increased. Second, they indicated that gains in one area could 

support gains in others. 

Institutional Performance was framed as the cumulative, 

symbolic outcome of Digital Transformation, shifting the fo-

cus from internal efficiency to institutional reputation. Partic-

ipants (P1, P5) indicated that while automation and infrastruc-

ture investment drive service quality, the broader value of In-

stitutional Performance lies in building trust and signalling 

capability to national stakeholders. By reducing service inter-

ruptions and enhancing transparency, universities demon-

strate that they are modern, responsive, and well-governed. 

This underpins H11: Institutional Performance aggregates ad-

ministrative and technical gains into a broader signal of insti-

tutional standing. 

Administrative Efficiency (H12) was identified as the most 

immediate and visible outcome of digital transformation. Par-

ticipants provided concrete evidence of improved systems 

that resolved long-standing operational bottlenecks. One no-

table example provided by P11 illustrates this impact: "One 

notable example is the implementation of a unified student 

portal, which centralises academic records, course registra-

tion, and fee payments. This reduced student complaints by 

40% and minimised administrative bottlenecks." (P11) 

Beyond the student portal, participants (P5, P6) noted that 

cloud platforms and infrastructure upgrades significantly 

raised service quality in libraries and administrative units. In 

the interviews, Technical Infrastructure emerged as the foun-

dational layer on which the other three impacts rest, rather 

than as one impact among equals; P5 noted that network and 

server investment “creates the foundation for all of our digital 
transformation projects to succeed.” Administrative Effi-
ciency is the first gain to become visible; automation affects 

daily operations immediately, but it rests on the infrastructure 

foundation rather than preceding it. 

Technical Infrastructure (H13) was described as both a 

starting point and a reinforcing outcome of Digital Transfor-

mation. Participants (P5, P8) noted a cyclical relationship in 

which adoption programmes justify investment in networks, 

which in turn lower the cost and difficulty of subsequent in-

novation. For example, the transition to AI-based tools and 

virtual classrooms on Blackboard Ultra (P8) was only possi-

ble because of prior investments in bandwidth and server 

nodes. This suggests that Technical Infrastructure is a cumu-

lative asset that builds institutional capacity for future digital 

shifts. 

Teaching and Learning Effectiveness (H14) represents a 

broad academic shift that integrates digital tools into the core 

curriculum. Participants (P6-8, P11) highlighted that the 

value of Digital Transformation in this area extends beyond 

simply moving content online. It involves providing students 

with flexible access to materials through virtual labs and 

aligning programmes more closely with labour market expec-

tations in fields like AI and data science. In these accounts, 

AI-based plagiarism tools and blended delivery models (P11) 

strengthen academic integrity and student engagement. 

The qualitative evidence suggests that these four outcome 

areas do not become visible at the same speed. Technical In-

frastructure forms the foundational layer. Administrative Ef-

ficiency is typically the first gain to become visible because 

automation affects daily operations immediately. Teaching 

and Learning Effectiveness takes longer as it depends on 

changes in staff practice and student uptake. Finally, Institu-

tional Performance serves as the cumulative result of these 

prior successes. While the survey data showed support for 

H11 through H14 simultaneously, the real-world benefits are 

interpreted as accumulating progressively over time. 

In summary, these qualitative findings provide a multi-lay-

ered view of Digital Transformation that extends beyond the 

statistical associations reported in [13]. The interview data 

capture the transition from strategic triggers, such as national 

mandates, to the practical realities of infrastructure and cumu-

lative impact. By providing the institutional logic behind the 

quantitative patterns, these operational experiences establish 

the evidentiary basis for the Phase-Dependent DXA-SPU 

framework discussed in the following section. 
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V. DISCUSSION 

To provide a comprehensive examination of digital trans-

formation in Saudi public universities, this section integrates 

the structural model results from [13] with qualitative in-

sights. The analysis employs a phase-dependent perspective 

to clarify how the influence of adoption drivers shifts across 

the institutional lifecycle. Moving beyond isolated statistical 

patterns, this synthesis explains the underlying organisational 

mechanisms and their longitudinal institutional impacts. The 

updated DXA-SPU framework, reflecting these findings, is 

presented in Fig. 1. 

A. Organisational Context 

In the centralised Saudi governance model, Strategy and 

Funding serve as the primary organisational drivers of adop-

tion. The strong statistical support for Strategy (H1) (β = .121, 

p = .001) confirms that a clear roadmap is essential for build-

ing institutional commitment. Qualitative evidence clarifies 

that Strategy is not merely a symbolic policy but a mechanism 

for translating national goals, such as Saudi Vision 2030, into 

sequenced institutional projects. This aligns with [27], which 

argues that strategic alignment is a prerequisite for bridging 

the gap between high-level policy and practical modernisa-

tion. Similarly, Funding (H3) (β = .184, p = .002) acts as the 

critical "safety net" for technical risk-taking. With the Saudi 

higher education market projected to reach $317 million by 

2025 [27], financial readiness remains the most significant 

precursor to large-scale action. 

In contrast, the rejection of Collaboration and Coordination 

(H2) (β = -0.009, p = .773) highlights the "top-down" nature 

of this environment. While inter-departmental cooperation is 

highly valued during implementation, it does not drive the in-

itial decision to adopt. As noted by [28], hierarchical legacies 

in Saudi institutions often create friction that delays collective 

efforts, meaning momentum is generated by mandate rather 

than horizontal consensus. These results indicate that Digital 

Transformation adoption in Saudi public universities is gov-

erned by hierarchical triggers, specifically Strategy and Fund-

ing, while Collaboration and Coordination functions as an im-

plementation-stage facilitator rather than a strategic trigger. 

This confirms that the institutional governance structure dic-

tates the timing of factor influence, with top-down mandates 

preceding bottom-up coordination, providing a necessary cor-

rection to Western models that often assume collaborative 

drivers are present from the beginning. 

B. Technological Context 

Technological adoption depends on a delicate balance be-

tween the perceived value of a tool and the technical barriers 

to its entry. Perceived Usefulness (H7) (β = .272, p < 0.001) 

emerged as the strongest predictor in the model, as users view 

digital tools as fundamental utilities for institutional readiness 

in an increasingly AI-literate global landscape [29]. However, 

this utility is contingent upon the mitigation of technical risks, 

specifically Complexity (H4) (β = .181, p < 0.001) and Secu-

rity (H5) (β = .131, p = .003). Participants noted that integrat-

ing legacy systems with cloud platforms remains a primary 

hurdle, a perspective supported by [30], which identifies the 

simplification of traditional constraints as a requirement for 

institutional agility. 

Security has transitioned from a technical requirement into 

a "threshold issue" for institutional trust. Alignment with na-

tional personal data protection laws is now critical to the user 

trust required for university-wide e-governance adoption 

[31]. While Perceived Ease of Use (H6) (β = .103, p = .047) 

was a significant predictor, its modest impact indicates it is an 

"enabler" rather than a primary driver. As argued in [30], 

while user-friendly design and training are essential for driv-

ing digital performance, users are willing to navigate greater 

complexity if the system's functional value and security are 

clearly established. 

Fig  1. The Validated and Updated DXA-SPU Framework  
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These findings suggest that technological adoption de-

pends on a balance between perceived value (UF) and the mit-

igation of technical risk (CX, SC). Strategic commitment is 

highest when operational benefits are clear and technical bar-

riers to entry are minimised.  

C. Environmental Context 

The Regulatory Environment (H8) (β = .091, p = .009) pro-

vides the legal "backbone" of the framework, with the Na-

tional Transformation Program (NTP) serving as the enabling 

force that legitimises digital initiatives. Recent 2025 legisla-

tion and support policies specifically designed to stimulate in-

novation within public institutions [32] provide the confi-

dence universities need to pursue modernisation. This man-

date-driven logic clarifies why Competitive Pressure (H9) (β 

= .100, p = 0.068) was not statistically significant. In a cen-

tralised system, market rivalry primarily influences institu-

tional positioning and branding after the infrastructure is es-

tablished, rather than triggering the core decision to adopt 

[26]. 

Furthermore, the strong support for the Digital Upskilling 

(H10) (β = .239, p < 0.001) indicates that adoption is funda-

mentally motivated by the desire to align educational outputs 

with labour market needs. The strategic priorities identified in 

[33] emphasise that Saudi universities are under increasing 

pressure to align digital transformation with student employ-

ability and the human capability requirements of Vision 2030. 

These findings reveal that environmental drivers are not 

merely external pressures but are strategic imperatives tied to 

national socioeconomic goals. 

D. Institutional Outcome Impacts 

The findings are compatible with a provisional cumulative 

sequence rather than a set of parallel benefits. Because the de-

sign is cross-sectional, this ordering rests on the convergence 

of the qualitative accounts and the pattern of effect magni-

tudes and is advanced as an interpretation rather than a tested 

causal sequence. Foundational operational successes create 

the conditions for subsequent academic and reputational 

shifts. 

Foundational Gains: Technical Infrastructure and Ad-

ministrative Efficiency 

The chain begins with Technical Infrastructure (H13: β = 
.683, p < 0.001), the foundation on which the other impacts 

depend; Administrative Efficiency (H12: β = .753, p < 0.001) 

is the first and largest gain built on that foundation. Although 

Administrative Efficiency carries the higher path coefficient, 

Technical Infrastructure remains foundational—a foundation 

is judged by what it enables, not by the size of its own asso-

ciation with adoption. These results suggest that the primary 

“quick wins” of adoption are located in the university’s back-

office operations.  

By automating routine tasks and reducing manual errors, 

digital tools have considerably improved administrative per-

formance across Saudi institutions [34]. This operational 

streamlining is supported by rapid modernisation of hardware 

and software, as reflected at the national level, where Saudi 

Arabia’s digital experience maturity reached 86.71% in 2025 
[35]. The high impact coefficients for these factors reveal that 

while a project may be triggered by national policy, its first 

visible institutional footprint rests on creating a robust, AI-

ready technical foundation that simplifies the bureaucratic ex-

perience for staff and students. 

Intermediate Gains: Educational Transformation 

Once the infrastructure has stabilised, the impact of Digital 

Transformation shifts towards Teaching and Learning Effec-

tiveness (H14) (β = .639, p < 0.001). The qualitative evidence 

clarifies that academic shifts are not immediate; they depend 

on the prior successful adoption of infrastructure and a coher-

ent digital strategy to enable personalised, flexible learning 

pathways. As noted in [29], the 2025 AI curriculum rollouts 

and digital educational shifts in Saudi Arabia are now begin-

ning to transform classroom quality, but only in environments 

where the "technical friction" has already been minimised. 

This indicates that Teaching and Learning Effectiveness is a 

mediated outcome; it requires a period of institutional "set-

tling" in which staff and students move beyond basic system 

use to meaningful digital engagement. 

Long-Term Outcome: Cumulative Institutional Perfor-

mance 

The final stage of this sequence is Institutional Perfor-

mance (H11: β = .629, p < 0.001). While highly significant, 

its slightly lower coefficient compared to Administrative Ef-

ficiency suggests that performance gains are a delayed, cumu-

lative effect. This aligns with the analysis of institutional ma-

turity at King Khalid University, which posits that perfor-

mance quality is the final result of successfully stabilising the 

underlying technical and administrative ecosystem [36]. In 

the Saudi context, Institutional Performance is not merely an 

internal metric but a symbolic signal of institutional standing. 

It combines gains in operational efficiency and pedagogical 

excellence to build the reputation and trust needed to meet the 

rising expectations of national stakeholders. 

This provisional cumulative sequence reveals that digital 

transformation is a sustained commitment, with outcome 

measures responding to adoption at different rates. The chain 

begins with Technical Infrastructure (capacity), which ena-

bles Administrative Efficiency (automation); these opera-

tional gains together facilitate Teaching and Learning Effec-

tiveness (educational quality). These successes culminate in 

marked improvement in overall Institutional Performance, 

which ultimately contributes to the high-level socioeconomic 

goals of Saudi Vision 2030. This sequential logic provides 

university leadership with a realistic framework for managing 

expectations, suggesting that the most profound academic and 

reputational benefits will only emerge after the foundational 

operational gaps have been closed. 

E. Contributions and Implications 

Before detailing these contributions, we state explicitly 

how they extend [13]. The earlier paper validated the DXA-

SPU framework statistically but treated all adoption factors 

and all institutional impacts as simultaneous, undifferentiated 

effects. The present study replaces that static picture with a 
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dynamic conceptual vision, extended by phase-dependent 

drivers on the input side and cumulative impacts on the out-

come side, grounded in evidence that the survey could not 

provide. 

This study makes three connected contributions. Theoreti-

cally, it advances a stage-based account of adoption in cen-

tralised public universities. Whereas quantitative applications 

of TAM and TOE typically model organisational, technolog-

ical, and environmental factors as simultaneous direct predic-

tors [11, 12], our findings indicate that Strategy, Regulatory 

Alignment, and Perceived Usefulness shape the decision to 

adopt, while Collaboration and Coordination and Competitive 

Pressure operate primarily at the implementation and posi-

tioning stages [3, 13]. This distinction helps explain why fac-

tors highly visible in practice may not emerge as direct statis-

tical predictors in cross-sectional data [20, 26]. The frame-

work’s outcome side is equally stage-dependent: rather than 

emerging together, institutional impacts follow a provisional 

cumulative sequence: Technical Infrastructure forms the 

foundation, Administrative Efficiency is the first and most 

visible gain built on it, Teaching and Learning Effectiveness 

follows, and Institutional Performance accumulates last. 

These compounding impacts extend to graduate readiness and 

the broader national knowledge economy [6, 7]. 

Methodologically, the study demonstrates that a sequential 

explanatory design can serve an analytical rather than merely 

descriptive function [24]: the non-significance of H2 and H9 

was only resolvable through the qualitative strand, which re-

vealed the centralised governance logic behind them. Inter-

viewing senior decision-makers, rather than end users, is 

therefore especially suited to explaining the governance pro-

cesses that shape institutional adoption. 

Practically, the findings offer university leaders a staged 

template. National policy direction creates the legitimacy 

needed to initiate transformation; leaders should then make 

system value visible, treat security as an enabling condition 

rather than a post-adoption concern, support staff through 

phased rollouts, and plan resourcing across the full adoption 

cycle [13]. Because benefits accrue progressively, from the 

Technical Infrastructure foundation through Administrative 

Efficiency and Teaching and Learning Effectiveness to Insti-

tutional Performance, investment must be sustained across 

successive cycles rather than expected to deliver uniformly or 

immediately. These contributions invite extension to compa-

rable governance contexts, such as Gulf Cooperation Council 

university systems, and to decentralised or private settings, to 

test whether the phase-dependent drivers and cumulative im-

pacts identified here generalise [3, 13]. 

VI. CONCLUSION, LIMITATIONS AND FUTURE WORK 

This study provides a contextually grounded examination 

of Digital Transformation in Saudi public universities by in-

tegrating quantitative validation [13] with qualitative institu-

tional evidence. By bridging the gap between the statistical 

results of the DXA-SPU framework (n=447) and the opera-

tional experiences of senior IT leaders (n=11), the research 

clarifies that adoption in this setting is a Phase-Dependent 

process. The findings demonstrate that while national man-

dates and institutional Strategy trigger the initial decision to 

adopt, factors such as Collaboration and Coordination and 

Competitive Pressure emerge as vital facilitators during the 

implementation and positioning stages. Furthermore, the 

study establishes that the resulting benefits accumulate in a 

specific temporal sequence, from the Technical Infrastructure 

foundation through Administrative Efficiency and Teaching 

and Learning Effectiveness to Institutional Performance. This 

longitudinal perspective confirms that digital change is a sus-

tained commitment that ultimately strengthens graduate la-

bour market readiness and contributes to Saudi Arabia’s na-
tional knowledge economy. Whereas our previous paper [13] 

reported that 12 of 14 hypothesised relationships held, the 

present study explains why the two exceptions occurred and 

the order in which the four institutional benefits materialise, 

thereby moving the framework from a validated static model 

to a dynamic, phase-aware conceptual vision. 

Limitations and Future Directions 

Despite these insights, several limitations provide opportu-

nities for further research. The primary constraint is the cross-

sectional design, which captured institutional perceptions at 

specific points in time between 2024 and 2025. Because Dig-

ital Transformation is an ongoing process, a temporal snap-

shot cannot fully capture the "intention-behaviour gap," in 

which strong adoption intentions do not always translate into 

actual usage [37, 38]. Future research should employ longitu-

dinal designs to track institutions over several years, provid-

ing objective evidence of how adoption decisions evolve into 

long-term implementation. Furthermore, while the qualitative 

phase targeted strategic decision-makers to address the initial 

survey's faculty-heavy composition, students' and administra-

tive personnel's perspectives remain underrepresented. Future 

studies should adopt stratified, multi-stakeholder sampling to 

capture the diverse experiences of the entire university com-

munity. 

The geographical and institutional scope of this study also 

suggests areas for expansion. The findings are specific to the 

centralised governance of Saudi public universities during a 

unique period of national transformation under Saudi Vision 

2030. Consequently, the non-significance of factors such as 

Competitive Pressure may not hold for private universities or 

decentralised international systems. Comparative studies 

across the Gulf Cooperation Council (GCC) region or be-

tween public and private sectors would clarify which aspects 

of the DXA-SPU framework are universal and which are con-

text-specific. Finally, as the current outcome measures are 

perceptual, future investigations should link survey data with 

objective institutional records, such as administrative pro-

cessing times or research outputs, to strengthen the evidence 

base for the framework’s impact on institutional excellence. 
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