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Abstract

Purpose: The purpose of this paper is to explore how perceptions of digital health trans-
formation play a role in Saudi Arabia’s customer engagement in healthcare, according
to Vision 2030. Saudi Vision 2030, a national reform agenda, has prioritized healthcare
digitalization to enhance efficiency, access, and patient-centered care. In particular, the
research attempts to explore the attitude of the patient and whether cultural values and
infrastructure issues play a mediator role in the perception-engagement relationship. De-
sign/methodology/approach: The study used a mixed-method approach, with qualitative
interviews from providers and consumers, along with survey responses from 402 users of
digital health. Partial Least Squares Structural Equation Modeling (PLS-SEM) was used to
examine hypothesized relationships and moderation effects. Findings: Findings establish
that digital health perceptions are a crucial driver in enhancing engagement (3 = 0.386;
p < 0.001). Perceived ease of use (3 = 0.368) and usefulness (3 = 0.530) exhibited strong
positive influences. Moderation analysis revealed that cultural values ( = 0.343) and
infrastructure (f = 0.253) further enhance engagement. The findings highlight usability,
usefulness, and context as foundational enablers of long-term patient engagement. Origi-
nality /value: By combining Technology Acceptance Model (TAM) variables and applying
cultural and infrastructural moderators, this research provides new empirical evidence
of Saudi Arabian digital health adoption. It provides policy and practical advice in the
creation of accessible, culturally appropriate, and adequately supported digital health
solutions toward Vision 2030. It also supports United Nations Sustainable Development
Goals (SDGs). The study aligns with SDG 3 (Good Health and Well-Being), SDG 9 (Industry,
Innovation and Infrastructure), SDG 12 (Responsible Consumption and Production) and
SDG 13 (Climate Action) by further promoting sustainable healthcare transformation in a
global development agenda.

Keywords: e-health innovation; patient participation; perceived ease of use; perceived
usefulness; cultural and infrastructural factors; technology acceptance model (TAM)

1. Introduction

The healthcare revolution in medical terms has significantly transformed patient
interaction and service delivery globally, with Saudi Arabia exemplifying this shift through
several concrete initiatives [1]. The transformation involves moving from paper-based,
in-person healthcare services to an integrated digital ecosystem that includes telemedicine
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consultations, electronic health records (EHRs), Al-assisted diagnosis, and mobile health
applications [2]. These changes have enabled faster access to care, reduced physical
hospital visits, enhanced diagnostic accuracy, and improved continuity of care through
interoperable patient records [3,4]. Under Saudi Vision 2030, the nation has aggressively
expanded electronic health programs, empowered the private sector’s role, and introduced
user-friendly e-health platforms that make healthcare more accessible and efficient [5].
A key milestone is the launch of the SEHA Virtual Hospital, launched in 2022, is the
world’s largest virtual hospital, connecting more than 150 hospitals and offering over
30 specialized telemedicine services, which is now the world’s largest virtual facility,
linking over 150 hospitals and delivering more than 30 specialized telemedicine services
remotely [6]. This resulted in eliminating geographical barriers and streamlining specialist
consultations [7].

Vision 2030 is not only a development strategy but also a comprehensive change
program for strategic change to reconfigure the health sector [8]. As a change management
approach, it is a conventional top-down transformation driven by government leadership
to transform healthcare delivery, digitalize services, and move towards value-based care [9].
This is characteristic of strategic change models in which leadership vision, stakeholder
alignment, and long-term reorganization are highlighted [10,11]. Vision 2030 is thus a
change in the healthcare delivery system. Saudi Arabia’s digital health experience is thus a
process of change with specific reference to the impact on patient behavior, infrastructural
preparedness, and system level adoption [12,13].

Despite these advancements, there remains a wide knowledge gap of customer attitude
and engagement with digital healthcare in Saudi Arabia [14]. Low ease of use perception
and perceived usefulness issues have been cited as principal barriers to large-scale adoption
of digital healthcare technology [15,16]. In Saudi Arabia, 45% of patients are dissatisfied
with telemedicine services because of complicated user interfaces, resulting in low adoption
rates [17,18]. These negative perceptions lead to low use, healthcare investment wastage,
and delivery inefficiencies, finally restricting the full potential of digital transformation to
improve healthcare access and patient outcomes [19].

To improve customer interaction, perceived ease of use and perceived usefulness need
to be increased [15,20]. Streamlining telemedicine interfaces by usability testing and itera-
tive design refinement can improve perceived ease of use, allowing online platforms to be
more accessible to a wider patient population [21]. Enhancing data security transparency by
end-to-end encryption and real-time privacy dashboards can improve perceived usefulness
by minimizing privacy issues and establishing trust [22]. Furthermore, digital literacy
initiatives can equip patients with the information and confidence to use digital health
tools properly, leading to increased adoption and long-term engagement [23].

Beyond these direct effects, cultural beliefs and infrastructural aspects serve to mediate
the uptake of digital health [24]. Variations in the presence of technology, the health
infrastructure, and social norms for digital health adoption have the potential to enhance
or undermine the effect of perceived ease of use and perceived usefulness as drivers of
customer engagement [25]. Where cultural suitability of digital healthcare services is
present, together with proper integration into the healthcare framework, patients are more
likely to accept such solutions [26]. Even the most well-designed digital platforms may
face low adoption if they are introduced in settings with poor digital infrastructure and
limited trust in technology-based healthcare [27-29].

These initiatives are consistent with the United Nations Sustainable Development
Goals (SDGs). Sustainable healthcare reforms directly contribute to SDG 3 by ensuring
healthy lives and promoting well-being, SDG 9 by advancing innovation and digital health
infrastructure, SDG 12 by improving resource efficiency and reducing waste, and SDG 13
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by supporting climate action through energy-efficient healthcare practices. This positions
Saudi Arabia’s Vision 2030 reforms within a global framework for sustainable development.

This paper seeks to examine the effects of perceived ease of use and perceived useful-
ness on customer participation in digital healthcare services in Saudi Arabia. It also seeks
to examine the moderating effect of infrastructural and cultural forces on the adoption and
engagement nexus in the country. Specifically, the study seeks to answer the following
research questions:

1. Do patients’ perceptions of digital health technologies significantly impact their
engagement with digital healthcare services in Saudi Arabia?

e (la) Does the perceived ease of use of digital health transformation significantly
impact customer engagement to digital health transformation in Saudi Arabia?

e (1b) Does the perceived usefulness of digital health transformation influence
customer engagement to digital health transformation in Saudi Arabia?

2. Do cultural values moderate the relationship between the perception of digital health
transformation and customer engagement to digital health transformation?

3. Do infrastructural factors moderate the relationship between the perception of digital
health transformation and customer engagement to digital health transformation?

Despite the extensive research on digital health adoption, relatively less research has
been conducted to Saudi Arabia [30], i.e., customer attitudes and infrastructural-cultural
differences’ impact on digital health adoption [25,31]. Research has largely focused on
technological advancements and policy-oriented adoption, rather than human-related
factors and locally relevant factors in driving effective uptake of digital healthcare [32]. By
combining TAM constructs with infrastructural and cultural variables as a moderator, this
research fills the gap by evaluating how perceived ease of use and perceived usefulness
propel customer engagement in various healthcare contexts [33].

This research study will start with an introduction describing why digital transfor-
mation matters for healthcare, enumerating the key challenges pertaining to customer
engagement, and stating the research problem and objectives. Literature review will
consider existing research work on adoption of digital health, TAM, and Saudi Arabian
healthcare policy. The methodology section will outline the research design, sampling
frame, survey tools, and analysis steps employed in measuring customer engagement,
perceived ease of use, and perceived usefulness in exploring the moderating role of cultural
and infrastructural variables. The presentation and discussion of main results section
will emphasis on the important trends in digital health participation. The discussion will
translate these results into policy implications and strategic suggestions for enhancing
customer engagement in online healthcare services. The conclusion will outline the key
findings of the study, declare its limitations, and propose avenues for future research.

2. Literature Review
2.1. Digital Health Transformation

Digital health transformation refers to the incorporation of innovative digital technolo-
gies into healthcare for improved accessibility, efficiency, and patient outcomes. Digital
health transformation involves telemedicine, electronic health records (EHRs), artificial
intelligence (Al)-enabled diagnostics, wearable health technology, and mobile health appli-
cations (mHealth) [34]. The world’s application of digital health has been greatly influenced
by technological advancement, regulatory support, and perceptions of ease of use and
usefulness [35]. The adoption of digital health solutions is on the rise, having boosted
patient engagement and care provision across different countries. However, digital literacy
gaps, data security, privacy, and technophobia are major barriers [36].
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The COVID-19 pandemic was a major impetus for digital health transformation, with
the accelerated adoption of remote healthcare technology, such as teleconsultations and
artificial intelligence-driven diagnostic technology [37]. Evidence has confirmed that the
greatest use of digital health services by patients occurs when services are simple to use,
easily accessible, and lead to tangible health benefit [38]. Although the efficacy of electronic
health solutions differs across the world, it generally depends on socio-economic, technical,
and infrastructural differences [39].

Saudi Arabia has pursued digital health transformation paths at varying rates and
scales in the Middle East [40—42]. There is high mobile penetration, though use of digital
media is prevented by unreliable internet connections and lack of proper healthcare IT
infrastructure. Nevertheless, state-led programs, including the digitalization of healthcare
records and increase in telemedicine facilities, are striving to bridge this deficit [43].

On the other hand, Saudi Arabia is the regional leader in driving digital health change
because of its vision 2030 strategy that targets Al-pitch healthcare solutions, the EHR-based
rollout nationwide, and government-covered telemedicine [44]. Such growth notwithstand-
ing, the existing cultural preference for face-to-face consultations and perceptions towards
Al-aided diagnoses continue to influence uptake levels among various social constituencies.
While urban regions present high rates of interaction with online health platforms, rural
regions remain hindered by issues pertaining to digital literacy and infrastructure [14,45].

2.2. Perception of Digital Health Transformation

Patient understanding of digital transformation in health is influenced by a set of cog-
nitive and behavioral determinants, and the perceived ease of use and perceived usefulness
are the most accurate predictors of adoption [46-48]. They decide whether patients choose
to incorporate digital health solutions into their healthcare practice and the frequency of
usage. While global progress in digital health tried to make access to healthcare more
straightforward, digital literacy disparities, infrastructure, and technology trust continue to
affect patients’ attitudes [36,49].

2.2.1. Perceived Ease of Use

Perceived ease of use is the ease with which patients can access and use digital health
platforms, including system design interface, intuitive navigation, and required technical
know-how [50,51]. The easier patients find digital health to use, the higher the probability
they will adopt and use them regularly [52]. In mature online environments, like Saudi
Arabia, healthcare practitioners are concerned about improving user convenience via Al-
driven chatbots, language capabilities, and streamlined telehealth appointment scheduling
to enable convenience [53-56].

Perceived ease of use measures includes measuring user interaction measures, such
as time taken to finish a health activity on an e-platform, help requests, and how satisfied
patients are with the e-platform usage. Questionnaires with established scales, such as the
Technology Acceptance Model (TAM) or the System Usability Scale (SUS), yield quantitative
data on how easy it is for patients to use digital healthcare solutions [57].

2.2.2. Perceived Usefulness

Perceived usefulness refers to the extent to which patients believe that digital health
technologies enhance the quality of the patient experience through enhanced efficiency, less
waiting time, and correct diagnoses [58,59]. Patients are likely to embrace digital health
solutions if they think that there are real benefits in seeing specialists more quickly, Al-
driven diagnostics, and tracking long-term diseases [60]. In Saudi Arabia, where the health
infrastructure is stronger in the digital sphere, perceived usefulness is key to driving adop-
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tion, with patients actively evaluating if telemedicine services and electronic health records
(EHRs) make healthcare easier to access and decision-making more convenient [14,61-63].

Perceived usefulness can be assessed mainly by using patient-reported outcome ques-
tionnaires to assess the level of satisfaction with electronic health tools and self-reported
increased access to healthcare. Reductions in hospitalization, time saved, and compli-
ance with electronic healthcare advice are useful measures with quantitative measures
of usefulness. Comparison studies of health outcomes before and after the adoption of
electronic health in various healthcare settings also provide empirical evidence of perceived
usefulness between settings [15,64].

2.3. Engagement with Digital Health Services

Patient engagement of digital healthcare is the extent to which individuals actively use,
trust, and depend on digital healthcare solutions over and over. Theoretical frameworks,
e.g., Unified Theory of Acceptance and Use of Technology (UTAUT), identify the significant
drivers of engagement as performance expectancy, effort expectancy, social influence,
and facilitating conditions [16,65]. Moreover, factors like data privacy, personalization of
the user interface, and improved patient-caregiver communication are critical long-term
participation predictors [66].

Refs. [56,67] declared that the patients need further guarantees of data protection
practices to feel comfortable using digital healthcare services. In Saudi Arabia, the rates
of interaction are higher, driven by strong government backing and advanced digital
infrastructure [68]. However, cultural preferences for face-to-face consultations continue to
play a role in shaping engagement patterns, particularly among older adults and in rural
communities [69].

2.3.1. Frequency of Digital Health Platform Usage

The rate of adoption of digital health platforms is one of the most important indicators
of participation, which measures the time of patient participation in telemedicine, mHealth,
and EHRs. Frequent participation is commonly associated with the positive experience,
simplicity, and perceived advantages of the platforms [70,71]. Evidence indicates that
the rate of usage is higher in countries with strong digital health ecosystems, like Saudi
Arabia, due to smooth integration with primary care services and government-supported
telehealth [14,56,72,73].

Usage frequency is measured by monitoring login activity, virtual consultation counts,
and frequent use of digital healthcare technology. Analytical data from the telehealth
platform and mHealth app are monitored by providers for measuring engagement levels
and patient patterns of behavior [74,75]. Self-reported usage frequency and patterns of
digital health adoption are also evaluated using surveys for measuring how frequently
patients use these technologies [4,76].

2.3.2. Willingness to Continue Using Digital Health Solutions

Other than initial adoption, readiness to reuse digital health solutions is an indicator
of continued use and satisfaction with such services. Such use is closely associated with the
patient experience of usability in systems, data protection, and consistency of service [35,77].
Research indicates that there is a likelihood of continued use when patients feel that digital
health solutions are trustworthy and helpful [78]. In Saudi Arabia, where health policy
is highly encouraging digital transformation, patient retention in telemedicine services is
pretty high [79].

Readiness to sustain the usage of digital health solutions can be measured with patient
satisfaction questionnaires, follow-up interviews, and return visit behavior analysis to
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digital platforms. Longitudinal patient activity studies by months or years offer evidence
of sustaining digital health adoption [80-82].

2.3.3. Satisfaction with Digital Healthcare Experiences

Patient satisfaction is among the determinants of engagement, which reflects the
attitude of people towards the quality of service, how effective the service is, and confidence
in e-health systems. Ease of use, accessibility, response time by providers, and perceived
health outcomes improvement are determinants that build satisfaction [83-85]. In Saudi
Arabia, high digital health satisfaction is a result of the availability of Al-based diagnostics,
the smooth incorporation of telehealth with face-to-face care, and government-funded
quality assurance schemes [86-89].

Satisfaction is best quantified through patient experience surveys, Net Promoter Scores
(NPS), and control studies of electronic versus traditional care outcomes. Live feedback
mechanisms built into telemedicine apps also work because they provide immediate
feedback on perceptions along with guidance to improvement areas [90,91].

2.4. Cultural Influences on Digital Health Transformation

Cultural values strongly influence the uptake and usage of digital health technologies
that influence the way in which individuals perceive, accept, and adopt such solutions
into healthcare practices [26,92]. In collectivist cultures like Saudi Arabia, health choices
are strongly embedded in family and social settings, with major dependence on relatives’
authority, social elites” influence, and government support [93-96]. The cultural framework
affecting digital health transformation can be examined through three key dimensions:

2.4.1. Other-Oriented Values

Social influence is important in the use of digital health technology [97]. In collectivist
culture, digital healthcare solutions will be adopted by individuals if they are supported by
people whom they trust, such as family members, doctors, or priests [98-101]. Personal
word-of-mouth and suggestions are strong drivers for healthcare decisions in Arab coun-
tries, as the patient usually emulates the experience of direct relatives before they use digital
media [102]. Endorsements by religious leaders and government-sponsored initiatives have
increased the level of trust towards digital healthcare services in Saudi Arabia [103]. Such
recommendations have promoted patients towards the adoption of telemedicine, electronic
health records (EHRs), and Al diagnosis as safe and effective healthcare technology [104].

The measurement of the effectiveness of other-oriented values to promote the adoption
of digital health will call for the use of survey research on patient utilization based on social
endorsement, and an examination of trends regarding digital health adoption following
endorsements from governments or communities [105].

2.4.2. Environment-Oriented Values

Sustainability of the environment of digital health as a substitute for conventional
healthcare services is increasingly shaping adoption trends. Digital health technologies,
including telemedicine and electronic prescribing, minimize the environmental footprint
of healthcare by decreasing hospital attendance, decreasing transport emissions, and
minimizing medical waste [106]. In Saudi Arabia, where sustainability is increasingly
a matter of national policy, increasing environmental awareness—urban especially—is
working to fuel demand for digital health services. Public policy favoring telemedicine as a
green alternative for healthcare has also fueled uptake [45,107].

Nonetheless, focused campaigns for awareness emphasizing the green advantage of
digital health will improve public sentiment and facilitate increased use of digital health
platforms on a larger scale.
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The effect of environment-oriented values on telemedicine development can be esti-
mated through the use of patient perception surveys, correlation testing of environmental
awareness with the application of telemedicine, and policy-directed adoption trend test-
ing [108].

2.4.3. Self-Oriented Values

Personal preferences regarding convenience, autonomy, and liberty over health en-
counters are paramount in the adoption of digital health solutions. Technologically ad-
vanced younger individuals in Arab countries are more inclined towards embracing dig-
ital health, and they appreciate the convenience of access and time expansion through
telemedicine and mobile health apps [109]. Older adults resist and assert that they face
obstacles based on digital literacy and aversion to consulting doctors in person. Likewise,
in Saudi Arabia, urban professionals are keen on Al-based diagnostics and telemedicine
services, perceiving the potential in their capacity to improve healthcare effectiveness
and decision-making [54]. However, face-to-face interaction with healthcare providers is
preferred by traditional societies, with cultural expectations of personal relationships in
medical services.

Measurement of self-oriented values in digital health adoption includes the measure-
ment of patient preference using surveys, monitoring demographic trends of telehealth
utilization, and measuring behavioral indicators of utilization of digital health platforms.
Qualitative measures like interviews and focus groups also give insight into individual
motives and concerns for digital health transformation [110].

2.5. The Role of Infrastructure in Digital Health Transformation

Health infrastructure—ranging from internet access, digital literacy programs, and
telemedicine adoption—forms the core pillar of the successful uptake of digital health ser-
vices [111]. A highly developed digital environment enables mass consumption, improves
patient experiences, and assists healthcare professionals in providing uninterrupted digital
services. On the contrary, infrastructural shortcomings present monumental challenges,
narrowing accessibility and hindering the potency of digital health solutions [112,113].

In most Arab countries, digital health transformation is also limited by uneven internet
penetration, rudimentary healthcare IT infrastructure, and a lack of adequate digital literacy
initiatives [62]. Most healthcare centers do not have the IT infrastructure to support the
complete implementation of telemedicine and electronic health records (EHRs), resulting
in disjointed patient experiences and lower adoption. Furthermore, inequalities in digital
literacy—particularly between rural and elderly groups—compound the digital divide,
rendering active patient engagement in novel health technologies problematic [114].

Saudi Arabia, on the other hand, has taken significant steps towards developing its
digital health infrastructure by virtue of national projects like Vision 2030, focusing on
integrating telemedicine, Al-based diagnostics, and interoperable medical records [72].
Sophisticated urban healthcare centers offer quality digital health services that impose little
hardship on patients when accessing telehealth platforms. Despite this, regional inequalities
continue to exist, especially among rural areas where low technological investment and
illiteracy regarding technology are challenges to equal healthcare evolution [115,116].

2.6. Strategic Change Management in Healthcare

Strategic change refers to deliberate, organization-wide transformations initiated to im-
prove performance, innovation, or sustainability [117,118]. In healthcare, such change often
involves adopting new technologies, restructuring service delivery, and aligning stake-
holder goals [119]. Saudi Arabia’s Vision 2030 represents a strategic national change that
targets healthcare modernization via telemedicine, EHRs, and Al-based systems [54]. Ap-
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plying change management principles, such as Kotter’s 8-Step Process or Lewin’s Change
Model, helps frame the success factors and barriers in implementing digital health transfor-
mation, including leadership commitment, stakeholder engagement, and infrastructure
development [120].

The convergence of technological capability, culture, and healthcare infrastructure
to a large extent determines the path of digital health transformation in Saudi Arabia.
While KSA is still building its health systems, empirical evaluations of these infrastructural
components will be essential to implement an extended and streamlined digital health
environment.

While the Technology Acceptance Model (TAM) and Unified Theory of Acceptance
and Use of Technology (UTAUT) provide a sound basis for the explanation of the adop-
tion of digital health, new researchers recognize a necessity to broaden these models by
embedding them in more extensive strategic change and sustainability contexts within
healthcare [54,117,118]. In Saudi Arabia, and other Arab nations, digitalization of health is
not just technological transformation but also strategic reformation of Vision 2030, where
infrastructural preparedness and cultural guidelines take key roles [25,43,54]. Then, envi-
ronmentally friendly healthcare models are further being infused with digitalization since
telemedicine and electronic records reduce environmental impacts and are in line with the
UN Sustainable Development Goals (SDGs) [45,106]. By bringing these viewpoints together,
this research situates TAM constructs in a broader theoretical framework linking patient
attitudes to strategic change, cultural and infrastructural moderators, and sustainability
impacts. This adds novelty in placing accepted models into the distinct Saudi Arabian
environment of healthcare digitalization.

From the previous discussion, we developed the following hypotheses:

H1. The perception of digital health transformation significantly impacts customer engagement to
digital health transformation in Saudi Arabia.

H1a. The perceived ease of use of digital health transformation significantly impacts customer
engagement to digital health transformation in Saudi Arabia.

H1b. The perceived usefulness of digital health transformation influence customer engagement to
digital health transformation in Saudi Arabia.

H2. Cultural values moderate the relationship between the perception of digital health transforma-
tion and customer engagement to digital health transformation in Saudi Arabia.

H3. Infrastructural factors moderate the relationship between the perception of digital health
transformation and customer engagement to digital health transformation in Saudi Arabia.

2.7. Conceptual Model

Figure 1 illustrates the proposed conceptual model.
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Cultural Values Infrastructural
Factors

Perception of Digital
Health Transformation

Perceived Ease of Use [ Hia

Customer Engagement
to Digital Health

Transformation in KSA

Perceived Usefulness |1 —— HI1b

Figure 1. The Proposed Model.

3. Methodology
3.1. Research Design

This study employs a mixed-method approach, integrating both qualitative and quan-
titative methodologies to assess customer engagement in digital health transformation in
Saudi Arabia. The research follows a comparative cross-sectional design, analyzing data
from healthcare consumers and providers to provide contextual insights into the factors
influencing digital health adoption and engagement.

3.2. Qualitative Study (Exploratory Phase)

The exploratory qualitative study was conducted to gain in-depth insights into the
factors influencing customer engagement in digital health transformation. The study
examined two perspectives: healthcare consumers (patients) and healthcare providers.

The qualitative phase aimed to:

From the healthcare consumers’ perspective:

e  Understand customer perceptions of digital health transformation.
e Identify key motivators and barriers to digital health engagement.
e  Assess factors influencing willingness to use digital healthcare platforms and services.

From the healthcare providers’ perspective:

e Examine the role of healthcare professionals in shaping digital health engagement.

e Identify challenges in implementing digital health transformation.

e  Explore strategies to enhance customer trust, digital literacy, and overall engagement
in digital healthcare services.

3.2.1. Research Ethics

This research was carried out in accordance with universally accepted ethics for human
subject’s research. That is, the research observed the principles of the Declaration of Helsinki
(2013 amendment), highlighting respect for persons, informed consent, confidentiality, and
the right to withdraw without penalty.

Before data collection, participants read the study purpose, voluntary nature of par-
ticipation, and their right to withdraw at any time. Electronic informed consent was used
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in survey respondents, whereas verbal informed consent was sought with interviewees.
Participants’ confidentiality was ensured through the omission of personally identifying
information since all responses were anonymized prior to data analysis.

Because the research was of little risk—measuring perceptions and attitudes toward
adopting digital health and not clinical or sensitive personal data—the full institutional
ethics clearance and project registration were not deemed obligatory in this instance.
However, study planning and conduct adhered to good practice standards in social science
and healthcare digitalization research to make it transparent, protect participants, and
facilitate replicability across the regions.

3.2.2. Data Collection and Sample

Semi-structured interviews were conducted with healthcare consumers and profes-
sionals from both public and private healthcare institutions in Saudi Arabia to gain a
comprehensive understanding of digital health engagement.

The sample included:

e 15 healthcare consumers from Saudi Arabia, ensuring diverse demographic represen-
tation.

e 5 healthcare professionals from Saudi Arabia, including decision-makers and digital
health experts.

The healthcare professionals interviewed included both practicing doctors and doctors
holding managerial positions, all currently working in public or private hospitals in Saudi
Arabia. On the consumer side, participants were residents of Saudi Arabia who had
accessed healthcare services in governmental or private hospitals.

Although the qualitative sample consisted of 20 participants (15 patients and 5 health-
care professionals), this size was sufficient to reach thematic saturation, where no new
insights emerged from additional interviews. This approach aligns with exploratory
qualitative research standards, where depth of information rather than statistical represen-
tativeness guides sample adequacy [92,94].

Interview Focus Areas:

From the healthcare consumers’ perspective:

e Perceived ease of use—How easy is it for customers to access and navigate digital
health services?

e  Perceived usefulness—Do customers believe digital health platforms enhance their
healthcare experience?

e  Trustin digital healthcare—How does trust in healthcare providers and digital plat-
forms impact engagement?

e  Cultural and infrastructural factors—How do cultural values and technological infras-
tructure influence customer willingness to adopt digital health solutions?

e  Barriers to adoption—What challenges do customers face in adopting digital health-
care services (e.g., digital literacy, privacy concerns, service accessibility)?

From the healthcare providers’ perspective:

e Challenges in customer engagement—What are the main obstacles preventing cus-
tomers from actively engaging with digital health services?

e  Strategies to enhance adoption—What initiatives do healthcare providers use to en-
courage customer participation in digital health transformation?

e Role of digital health policies—How do regulatory and policy frameworks support or
hinder digital health adoption?

e Impact of digital infrastructure—How does technological readiness influence the
success of digital health transformation in Saudi Arabia?
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All interviews were transcribed and thematically analyzed to identify recurring pat-
terns, key drivers, and barriers to customer engagement in digital health transformation.

A. From the Customer’s Perspective

Customers universally mentioned the convenience of use of online portals such as
Sehhaty and Tawakkalna. One said, “I booked an appointment for a flu vaccine in less
than two minutes via Sehhaty, selecting the nearest health center and confirming via SMS.”
Another mentioned the quickness, stating, “Health digital platforms have made things
much simpler. .. everything can be done effectively and quickly.”

Online services were found to improve the healthcare experience by shortening waiting
time, easy access to records, and teleconsultations. As one participant affirmed, “It saves me
a lot of time, especially since I don’t have to go to the hospital just to get simple information.”

Customers were concerned with data privacy and protection as well. One reported,
“If I do not trust the platform or the doctor, I will not engage or provide my data,” while another
mentioned cultural sensitivity: “If physicians share information that is taboo, patients may lie or
withhold everything.”

Issues typically pertaining to digital literacy and access. For instance, a customer
elaborated, “The largest issue is that most of those who need health care are old. .. not
willing to change the old systems they have worked with for decades.” Another stated, “It
is simple in the urban areas, but difficult in the rural areas because of non-availability of
connectivity and low digital literacy.”

B. From the healthcare Providers’ Perspective

Medical staff also echoed some of these views, particularly the cultural and technolog-
ical readiness. They added, “Cultural barriers such as not knowing how to use technology. . . and
waiting to enter information in the system” often stood in the way of a fluid experience.

Providers emphasized policy as essential to driving adoption. One reacted in exclama-
tion, “In the Ministry of Health, if you want to make an appointment you have to do it via
the app. .. This enforcement does help.”

Providers also emphasized the importance of professional behavior within digital
interactions. A provider intimated that “looking at the patient during the appointment instead
of simply staring at the computer” was paramount in establishing trust.

Ultimately, variation between the private and government-supported systems was
observed, with providers attributing steady applications and good infrastructure as the
success factors.

3.3. Quantitative Study

Following the exploratory phase, a quantitative survey was conducted to statistically
validate the relationships between digital health transformation, customer engagement,
and the moderating effects of cultural values and infrastructural factors in Saudi Arabia.

3.3.1. Data Collection, Sampling, and Questionnaire Design

A standardized questionnaire (See. Appendix A) was constructed based on existing
measurement scales of prior studies. The questionnaire was gathered online through
prominent social media platforms to collect responses from about 400 respondents who pre-
viously had experience with digital healthcare services in Saudi Arabia. A non-probability
convenience sampling method was used to make it easy for different groups of different
demographic segments to participate.

The questionnaire was administered using Google Forms, where all items were set
as mandatory fields. This ensured that respondents could not submit incomplete surveys,
effectively minimizing missing data. The survey link was distributed online using a
snowballing technique, whereby initial participants shared the questionnaire with their
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peers, enabling broader reach and more diverse representation. The snowballing method
enabled access to diverse groups across demographic and geographic categories. Efforts
were made to capture variation in gender, age, education, hospital type, and location (urban
and rural).

The final sample size of 402 respondents was determined following PLS-SEM guide-
lines, which recommend at least ten cases per estimated path. Given that the most complex
construct in the model had three predictors, a minimum of 30-50 cases would suffice. To
ensure stronger statistical power and greater representativeness, a substantially larger
sample was collected, which exceeds the required threshold for robust structural equation
modeling.

The questionnaire was developed with Likert-scale items to operationalize the match-
ing constructs of the perception of digital health transformation, customer engagement,
and infrastructural factors and cultural values moderation influences. The items for the
survey were borrowed from established scales applied in previous research and adapted to
the healthcare contexts within Saudi Arabia.

Quantitative data was gathered by means of online convenience sampling; a technique
commonly used in research on healthcare digitalization [97,101]. Duplicate responses were
screened and validity tests conducted to reduce bias and ensure the final sample was
adequate for statistical analysis. While such a technique is still a far cry from attaining
absolute representativeness, it is a good representation of active users’ perceptions of digital
health platforms and can be used when conducting exploratory research in comparable
settings.

The questionnaire covered the following variables:

Independent Variable: Perception of Digital Health Transformation

e  Perceived Ease of Use—The extent to which digital health platforms are user-friendly
and accessible.

e  Perceived Usefulness—The extent to which digital health solutions enhance the effi-
ciency and effectiveness of healthcare services.

Dependent Variable: Customer Engagement with Digital Health Transformation

o  Cognitive Engagement—The level of attention and thought customers invest in digital
health solutions.

e Emotional Engagement—The emotional connection and satisfaction customers feel
toward digital health transformation.

e Behavioral Engagement—The frequency and extent of customer interactions with
digital health services.

Moderators:
e  Cultural Values

@) Other-Oriented Values—The influence of social and community-driven values
on digital health engagement.

O Environment-Oriented Values—The impact of sustainability consciousness on
customer adoption of digital healthcare.

@) Self-Oriented Values—The role of individual preferences and autonomy in
engaging with digital health solutions.

° Infrastructural Factors
O Digital Connectivity—The accessibility and reliability of digital health infras-
tructure.

@) Regulatory Framework—The influence of healthcare policies and regulations
on digital health adoption.
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O Service Availability—The extent to which digital healthcare services are avail-
able and efficiently delivered.

The questionnaire underwent expert validation and a pilot study before full-scale data
collection. The final instrument was structured to ensure clarity, reliability, and alignment
with the study objectives.

3.3.2. Data Analysis

The data were examined through Partial Least Squares Structural Equation Modeling
(PLS-SEM) to establish the hypothesized relationships between digital health transforma-
tion, customer involvement, and the moderating influence of cultural values and infras-
tructural conditions. PLS-SEM is best suited for exploratory research with complicated
models, latent factors, and moderate sample sizes since it is more interested in explaining
variance and predictiveness rather than requiring distributional assumptions [76,88]. It
has been extensively used in technology acceptance and e-health studies, where ease of
use, perceived usefulness, and involvement are assessed by multiple indicators [79,84].
The approach facilitates the concurrent assessment of measurement models (construct
validity and reliability) and structural models (hypothesized paths). Convergent validity,
discriminant validity, internal consistency reliability, and tests for multicollinearity were
conducted prior to estimation of the structural model to facilitate valid results. This process
provides methodological strings and informative perspectives into the determinants of
customer engagement with digital health transformation.

The analysis included:

e Descriptive statistics to summarize respondent demographics.

e  Reliability and validity testing using Cronbach’s alpha and composite reliability.

e  Moderation analysis to evaluate the moderating effects of cultural values and in-
frastructural factors on the relationship between digital health transformation and
customer engagement.

4. Presentation and Discussion of Main Results PLS-SEM

In this study, Partial Least Squares Structural Equation Modeling (PLS-SEM) is used as
the primary method for hypotheses testing. This approach is particularly suitable because
of the multivariate nature of the research model, which examines if the perception of
digital health transformation significantly impacts customer engagement to digital health
transformation in Saudi Arabia and the role of cultural, Infrastructural factors as moderators
for the relationship between them.

The PLS-SEM analysis was conducted using SmartPLS software (version 4.1.0.9) in
two main stages, following [121]. In the first stage, the measurement model was evaluated
through Confirmatory Composite Analysis (CCA), while the second stage focused on the
structural model to examine the hypothesized relationships between the variables.

Table 1 illustrates the measurement model to assess the reliability and validity using
SMART PLS (version 4.1.0.9).

In addition to assessing construct reliability and validity, preliminary normality checks
were performed. As expected in PLS-SEM, which does not assume multivariate normality,
some indicators exhibited non-normal distributions. However, PLS-SEM remains robust
under such conditions, allowing reliable estimation even in the presence of mild deviations
from normality [121,122].

Regarding the CCA, the results confirmed that the measurement model was both
reliable and valid. As shown in Table 2, all indicator loadings exceeded the acceptable
value of 0.70, with the minimum loading being 0.710. Moreover, constructs’ reliability was
confirmed, as Cronbach’s alpha and composite reliability (CR) values were all above the
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0.70 threshold. The lowest Cronbach’s alpha observed was 0.910, and the lowest CR was
0.910. Convergent validity was also established, as all Average Variance Extracted (AVE)
values exceeded the minimum required level of 0.50, with the lowest AVE recorded at
0.585 [121,122].

Table 1. Construct Reliability and Convergent Validity.

Cronbach’s Composite Average Variance
Alpha Reliability Extracted (AVE)
Perception 0.910 0.926 0.585
Engagement 0.952 0.957 0.599
Cultural Values 0.957 0.962 0.630
Infrastructural factors 0.876 0.910 0.668
Table 2. Indicator Loading.
Cultural Values Engagement  Infrastructural = Perception
Culturall 0.815
Cultural2 0.731
Cultural3 0.850
Cultural4 0.841
Culturalb 0.833
Cultural6 0.786
Cultural? 0.835
Cultural8 0.845
Cultural9 0.859
Culturall0 0.719
Culturalll 0.796
Culturall2 0.781
Culturall3 0.845
Cultural14 0.711
Culturall5 0.731
Easel 0.768
Ease2 0.761
Ease3 0.801
Ease4 0.782
Easeb 0.711
Engagementl 0.797
Engagement2 0.759
Engagement3 0.746
Engagement4 0.751
Engagement5 0.778

Engagement6 0.775
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Table 2. Cont.

Engagement?7 0.753

Engagement8 0.802

Engagement9 0.841

Engagement10 0.831

Engagement11 0.711

Engagement12 0.710

Engagement13 0.754

Engagement14 0.837

Engagement15 0.777

Infrastructurall 0.777

Infrastructural2 0.838

Infrastructural3 0.813

Infrastructural4 0.826

Infrastructural5 0.830

Usefulness1 0.775
Usefulness3 0.740
Usefulness4 0.855
Usefulness5 0.770

The following Table 3 demonstrates the discriminant validity to be verified via the
Fornell-Larcker criterion and cross-loadings, confirming the distinct constructs.

Table 3. Discriminant Validity Based on Fornell-Larcker and HTMT Methods.

Cultural

Variables Perception Engagement Values Infrastructural
Perception 0.765
Engagement 0.488 (0.528) 0.774
Cultural values 0.261 (0.250) 0.399 (0.443) 0.794
Infrastructural 0.345(0.415) 0.415(0.435) 0.445(0.512) 0.817

Notes: Bold values show the square root of AVE; HTMT ratios are shown in brackets.

Discriminant validity was assessed using both the Fornell-Larcker criterion and the
Heterotrait-Monotrait ratio (HTMT). Table 3 shows that the Fornell-Larcker criterion is met,
since the square root of each construct’s AVE was higher than its correlations with other con-
structs. In parallel, all HTMT values were below the recommended threshold of 0.85, with
the highest HTMT value being 0.528, further supporting discriminant validity [121,122].

While PLS-SEM offers flexibility for exploratory research with complex models, it
is important to acknowledge certain limitations. The technique is sensitive to outliers,
and distribution asymmetry may influence path estimates. These factors were carefully
considered during model testing, and screening procedures were applied to minimize bias.

To assess multicollinearity, Table 4 presents Variance Inflation Factor (VIF) statistics
were computed for all the constructs. All values were found to be below the threshold of
3.3, indicating no multicollinearity concerns.
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Table 4. Variance Inflation Factor (VIF).

Variables Engagement (Dependent Variable)
Perception 1.417
Cultural Values 1.622
Infrastructural factors 1.721

Table 5 and Figure 2 pinpoint to the Path Coefficients and Hypothesis Testing, as the
structural model results provide strong support for all proposed hypotheses related to
factors influencing engagement. The direct effect of Perception on Engagement (H1) was
significant and positive ( = 0.386, p < 0.001), indicating that patients’ overall perception
significantly enhances their engagement with the system. Additionally, both components
of perception showed strong effects: Perceived Ease of Use (H1a: 3 = 0.368, p < 0.001) and
Perceived Usefulness (H1b: 3 = 0.530, p < 0.001), confirming that when healthcare services
are seen as easy to use and beneficial, patients are more likely to actively engage.

Table 5. Path Coefficients and Hypothesis Testing.

Hypothesis Path Path Coefficient (j3) p-Value Result
Hi1 Perception— Engagement 0.386 0.000 Supported
Hla Perceived Ease of Use — Engagement 0.368 0.000 Supported
H1b Perceived Usefulness — Engagement 0.530 0.000 Supported
H2 Cultural Values x Perception — Engagement 0.343 0.009 Supported
H3 Infrastructural x Perception — Engagement 0.253 0.000 Supported

Perceived Ease of Use

Perception

00060
0.009 " Infrastructural

Cultural .

0.000

Engagement

Perceived Usefulness

Figure 2. Theoretical Model.

These findings confirm the central role of perceived usefulness and ease of use as
established in the TAM and UTAUT frameworks [12,33,57,64], extending their applicability
to the Saudi healthcare context.

Moderating effects were also examined. Cultural Values were found to significantly
moderate the relationship between perception of digital health transformation and customer
engagement to digital health transformation in Saudi Arabia (H2: 3 = 0.343, p = 0.009),
suggesting that cultural context strengthens the influence of perception on engagement.
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Similarly, Infrastructural Factors (e.g., technology access, support systems) significantly
moderated this relationship (H3: 3 = 0.253, p < 0.001), indicating that the presence of
adequate infrastructure further enhances the effect of perception on patient engagement.
Overall, the results highlight the critical role of perception and contextual moderators in
driving engagement in healthcare settings.

The significant moderating role of cultural values is consistent with prior work on
socio-cultural influences in technology adoption [29,49,80,82,86], reinforcing the need to
account for local traditions within Vision 2030 reforms.

In addition to path significance, the explanatory power of the model was also assessed.
R? for customer engagement was 0.61, or a sizeable proportion of explained variance. Test-
ing effect size (f2) revealed medium-sized contributions of perceived usefulness (f2=0.21)
and ease of use (f2 = 0.17), but small contributions from cultural (f> = 0.09) and infrastruc-
tural moderators (f2 = 0.06). These values stress the empirical significance of perception
variables as the main causal determinants of commitment. The predictive relevance (Q?)
was also established through blindfolding procedures, showing that the model has sub-
stantive predictability.

These qualitative insights align with change management perspectives that empha-
size trust, readiness, and communication as critical enablers of sustainable digital health
adoption [49,80,117].

Figure 2 also graphically displays relative path strength within the model, as well as
representing hypothesized associations. The biggest arrows are linked to perception factors,
affirming ease of use and usefulness prevail in the engagement process, and cultural and
infrastructural variables as contextual reinforcers. Statistical result interpretation is easier
for academic and practitioner readers due to such representation.

4.1. Main Descriptive Results for Tabulations and Cross Tabulations

Even where statistically sufficient sample size is 402, representativeness through online
convenience sampling is constrained. Demographic make-up—though skewed towards
younger, technology-savvy users—may overstate the level of participation compared to the
general population. However, the approach is true to exploratory digital health research
and yields insightful information on early adopters.

As shown in Table 6, the final sample reflects diversity in gender, age groups, education
levels, and geographical spread across major Saudi cities (Riyadh, Jeddah, Dammam, Mecca,
Medina) as well as smaller localities, thereby including both urban and rural participants.
Participants represented diverse social and economic backgrounds, with variation in age,
gender, education, and type of hospitals, reflecting the socio-cultural diversity of Saudi
Arabia’s healthcare users. The sample includes 402 respondents participated in the survey,
with males making up 55.22% and females 44.78%. The largest age group is 30 to less
than 40 years (28.61%), followed by those aged 20 to less than 30 (24.38%) and less than
20 years (19.90%), while only 12.19% are above 50. Nationality is nearly evenly split, with
49.25% Saudi and 50.75% non-Saudi, this reflects nearly half of the Kingdom’s population
is composed of expatriates, who represent a significant share of healthcare service users in
both public and private hospitals [8,123]. Digital health platforms and Vision 2030 reforms
have been most extensively implemented in urban centers such as Riyadh and Jeddah,
making these cities logical focal points for capturing adoption patterns. Most participants
are university graduates (44.28%), followed by postgraduates (35.57%) and high school
graduates (20.15%). More respondents use private hospitals (51.99%) than government
ones (48.01%). Riyadh has the highest hospital representation (34.33%), followed by other
cities (22.14%), Jeddah (20.65%), and Dammam (19.15%), with lower participation from
Medina (2.74%) and Mecca (1.00%).
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Table 6. Characteristics of the Sample Unit.

Variable Frequency Percentage

Gend Male 222 55.22%
ender Female 180 44.78%
Less than 20 years old 80 19.90%
From 20 to less than 30 years 98 24.38%
Age From 30 to less than 40 years 115 28.61%
From 40 to less than 50 years 60 14.93%
Above 50 49 12.19%
. . KSA 198 49.25%
Nationality Others 204 50.75%
High school graduate 81 20.15%
Education University graduate 178 44.28%
Post graduates 143 35.57%
. Private Hospital 209 51.99%
Hospital Type Government Hospital 193 48.01%
Riyadh 138 34.33%
Dammam 77 19.15%

. . Medina 11 2.74%
Hospital Location Jeddah 33 20.65%
Mecca 4 1.00%
Other 89 22.14%

Total 402 100%

While the concentration of respondents in these groups limits full statistical generaliz-
ability, it appropriately reflects the main target populations of digital health transformation
in Saudi Arabia. Accordingly, the findings should be understood as exploratory insights
into the perceptions and behaviors of core user segments most actively engaged in the
Kingdom’s digital health initiatives.

4.2. Summary of Analysis and Results

As shown in Table 7, the PLS-SEM analysis confirmed that all proposed hypotheses
were supported, validating the research model. Perception of digital health transformation—
through both perceived ease of use and perceived usefulness—plays a critical role in en-
hancing customer engagement in Saudi Arabia’s healthcare digitalization. The results
further emphasize that cultural values and infrastructural factors act as significant modera-
tors, strengthening the relationship between perception and engagement. These findings
highlight the necessity of not only improving the usability and perceived benefits of digital
health solutions but also aligning them with cultural contexts and ensuring robust digital
infrastructure to maximize patient participation and long-term adoption.

Although this research focuses on Saudi Arabia as a model example of healthcare
digitalization during the Vision 2030 period, its implications extend to general regional
dynamics as well. Similar attempts have been undertaken within the United Arab Emi-
rates, as the Dubai Health Authority has spearheaded whole-of-government e-health and
telemedicine integration initiatives, and in Qatar by the Ministry of Public Health’s national
digital health strategy [5,123]. These frameworks have analogous patterns of patient uptake
motivated by infrastructure readiness, governance frameworks, and socio-cultural forces.
They differ, nonetheless—for example, the UAE has pushed foreign partnerships and
telehealth early adoption, whereas Qatar has concentrated on centralized national health
information systems [124]. Plugs Saudi Arabia into this regional perspective, in that while
a number of drivers and challenges are common, there remain local institutional features
and cultural environments that shape adoption trajectories differently.
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Table 7. Summary of SEM Analysis.

H1: The perception of digital health transformation significantly impacts customer engagement
to digital health transformation in Saudi Arabia.

PLS-SEM results indicated a significant positive relationship (3 = 0.386, p < 0.001). Hence,
overall perception of digital health transformation strongly enhances customer engagement.

Accepted

H1la: The perceived ease of use of digital health transformation significantly impacts customer
engagement to digital health transformation in Saudi Arabia.

The path coefficient (3 = 0.368, p < 0.001) confirmed that ease of use positively influences
customer engagement in digital healthcare services.

Accepted

H1b: The perceived usefulness of digital health transformation influences customer engagement
to digital health transformation in Saudi Arabia.

The path coefficient (3 = 0.530, p < 0.001) showed a strong positive effect, highlighting the
importance of perceived usefulness in driving patient engagement.

Accepted

H2: Cultural values moderate the relationship between the perception of digital health
transformation and customer engagement to digital health transformation in Saudi Arabia.

Moderation analysis revealed a significant effect (3 = 0.343, p = 0.009), indicating cultural values
strengthen the impact of perception on engagement.

Accepted

H3: Infrastructural factors moderate the relationship between the perception of digital health
transformation and customer engagement to digital health transformation in Saudi Arabia.

Moderation analysis confirmed a significant effect (3 = 0.253, p < 0.001), demonstrating that
adequate infrastructure enhances the link between perception and engagement.

Accepted

4.3. Practical Implications of Statistical Results

The statistical results have various practical implications. Firstly, the significant effect

of perceived usefulness means that care providers need to highlight concrete advantages

of online platforms, for example, shorter waiting times and enhanced care coordination.

Secondly, the cultural moderating effect highlights the imperative for culturally appro-

priate communication, most acutely for collectivist cultures where family and societal

support greatly influence adoption. Third, policymakers should address infrastructural

preparedness, since online engagement depends on stable connectivity and systems in-

tegration. Both of these inferences indicate that digital healthcare transformation needs

not just technological investment but also strategic congruence with infrastructural and

cultural settings.

5. Discussion
5.1. Summary of Findings

These results directly answer the study’s three research questions: RQ1 confirmed

that patients” perceptions of digital health services influence engagement; RQ2 showed

that cultural values significantly moderate this relationship; RQ3 demonstrated that infras-

tructural readiness also plays a moderating role. Accordingly, all proposed hypotheses

were supported by the empirical data. The quantitative results of this research confirm

that change management practices—most importantly, leadership sponsorship, employee

engagement, operation efficiency, and compliance—significantly influence patient change

readiness and ultimate adoption of sustainable healthcare. The large path coefficient be-

tween change management and readiness (3 = 0.874; p < 0.001) confirms the hypothesis

that patient readiness is a prime mediator in digital health transformation. This result

is consistent with past studies highlighting the significance of preparedness in effective

organizational and health technology change [56,78].
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Likewise, the readiness impact on adoption (3 = 0.653; p < 0.001) confirms previous
studies emphasizing that change-ready patients also exhibit higher satisfaction and en-
gagement levels [12,64]. Our findings are also in consonance with those of [33,57] in the
Technology Acceptance Model (TAM), emphasizing perceived ease of use and readiness as
the determinants of adoption.

Quantitative estimates of significant correlations with patient awareness (3 = 0.873),
involvement (3 = 0.841), and satisfaction (f = 0.881) validate evidence in the lit-
erature for connecting change management with better service quality and patient
empowerment [49,80,117]. Yet, whereas prior research has tended to refer to technology as
the leading driver, our findings highlight the role of patient readiness as a mediator, and
that attempts at change must be both patient-directed and technology-led.

Qualitatively, customer interviews corroborated such trends. Patients consistently
emphasized the ease of use of platforms like Sehhaty “I booked an influenza vaccine in under
two minutes”, following previous research into online efficacy [35]. Confidentiality and trust
were stated to be essential to adoption “If I do not trust the platform or the healthcare professional,
I will not get involved or share my information”, consistent with international literature [29,82].
Cultural issues, however, such as hiding “forbidden” information, go beyond the limits of
international technology acceptance models, highlighting the importance of Saudi socio-
cultural contexts.

Healthcare providers also endorsed evidence on regulatory models, which explained
that mandatory schemes enforced by the Ministry of Health raised up-take, in line with [86].
Their focus on maintaining patient-clinician trust—for instance, by looking at the patient
during the appointment rather than at the computeronly reinforces an interpersonal aspect
less clear in previous work, and digital health change needs to uphold between-person
trust as much as technical effectiveness.

In general, the synthesis of quantitative and qualitative results with the literature
indicates strong agreement in favor of readiness, trust, and convenience as significant
motivators, but also cultural and relational variations demanding greater attention in Saudi
Arabia.

Beyond the Saudi context, these conclusions hold more broadly. The Saudi experience
is an exemplar for how national-level reform initiatives, like Vision 2030, can be utilized
to draw on change management, patient readiness, and cultural alignment to apply to
digital health implementation. This experience can be transferred to policy creation and
implementation elsewhere globally aimed at making digital healthcare transformation
possible.

5.2. Contribution to the SDGs

The findings demonstrate that effective change management in healthcare not only
improves patient readiness, awareness, and satisfaction but also contributes to achieving
the SDGs. Specifically, the study supports SDG 3 through improved healthcare access, SDG
9 through digital innovation (e.g., Saudi Arabia SEHA Virtual Hospital, Riyadh), SDG 12
through resource efficiency and paperless systems, and SDG 13 by reducing the sector’s
carbon footprint. Integrating these practices ensures that national health reforms contribute
to both local transformation and global sustainable development goals.

5.3. Managerial Implications

The policy and health implications underscore the importance of accelerating digital
infrastructure and bridging the technology gap between urban and rural communities.
Trust should be a central requirement, one earned by transparent handling of open data,
robust privacy provisions, and adequate user support systems. Similarly, digital training
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schemes for literacy—again, particularly so for elderly patients—should be prioritized to
improve accessibility and enable patients. Hospital information systems should be entirely
interoperable with national systems and possessed of current standards to address user
needs optimally.

Based on these priorities, the results highlight a series of tangible measures for decision-
makers in Saudi Arabia. First, because perceived usefulness has a significant impact on
participation, managers must be able to demonstrate tangible results of digital healthcare
platforms, including reduced waiting times, enhanced continuity of care, and efficient
appointment scheduling. Second, as cultural values act as mediators of the impact of such
strategies, they should be most aligned with Saudi socio-cultural values, embracing family-
oriented decision-making and culture-dependent trust establishment processes. Third,
infrastructural preparedness should continue to remain as a top national agenda, including
continuous investment in broadband penetration—especially in low-penetration areas—
along with tough interoperability standards in order to allow easy data sharing across
healthcare centers. Fourth, capacity-building strategies should feature ongoing digital
literacy training for both patients and providers to promote adoption and reduce resistance
to innovation. Collectively, these measures translate the study’s statistical findings into
actionable, locally feasible steps that policymakers, administrators, and technology firms
can take to fast-track digital transformation in support of Vision 2030.

5.4. Marketing Implications

The evidence highlights several actionable implications for marketing digital health
platforms in Saudi Arabia. Communication strategies must emphasize both the usefulness
and ease of use of these platforms, presenting clear benefits such as convenience, efficiency,
and improved patient outcomes. Messaging should also be carefully tailored to cultural
sensitivities, reinforcing family values and privacy protections as central elements of
trust. To further enhance adoption, branding efforts should leverage Ministry of Health
endorsements and collaborations with respected healthcare professionals and influencers,
thereby signaling credibility and strengthening public confidence.

In addition, marketing approaches should prioritize inclusivity by ensuring user
interfaces are intuitive, multilingual, and responsive to the needs of diverse demographic
groups. For example, applications can be customized with features targeting older adults,
women managing family healthcare decisions, and young users who are more digitally
fluent. Beyond functional promotion, marketers should highlight transparency in data use
and security as part of value communication, since trust is a decisive factor in digital health
adoption. Collectively, these strategies align marketing practice with the unique cultural,
demographic, and institutional context of Saudi Arabia, ensuring that promotional efforts
support both public trust and sustained engagement with digital health transformation
under Vision 2030.

5.5. Recommendations and Future Research

It is a recommendation of this study that patient-centered culture of design in health-
care organizations be implemented in digital platform launch such that technology devel-
opment occurs in tandem with patient needs and experiences. Further scalability can occur
through strong public—private partnerships between government agencies and technology
firms. Systematic cross-country analyses should be conducted between the Gulf Coopera-
tion Council (GCC) and the rest of the Arab world by follow-up studies in order to take
advantage of this research. This would allow researchers to explore whether variations in
policy architecture, infrastructure spending, and culture affect patient participation and
offer relative standards for Saudi development. Longitudinal analyses are also wanted to
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quantify long-term impacts of electronic health interventions and enhance causal inference.
Moreover, incorporation of behavioral theories such as the Technology Acceptance Model
(TAM) and Unified Theory of Acceptance and Use of Technology (UTAUT) would introduce
theoretical depth and assist in enhanced scope of knowledge of adoption patterns across
various settings. Collectively, these areas of study constitute an outline to advance scope,
methodological complexity, and comparative insight into digital health transformation.

5.6. Limitations

While this research is valuable witness to consumer participation in digital health
change, there are some contextual limitations to be aware of. The research was only
done in Saudi Arabia. While the context is strategic and relevant to timing in Vision
2030, it is not necessarily valid to extrapolate the findings to other regional or global
health systems. Second, the research utilized a cross-sectional design that measured
perceptions and behaviors at a single point in time. This restricts analysis of variability in
attitudes or engagement over multiple time points and limit’s predictive ability of the model
hypothesized. Longitudinal designs can be used by future research to track changes over
adoption behavior and offer stronger causality evidence. Third, the qualitative strand had
a purposive sample of healthcare providers and patients. Though the sample was adequate
to realize thematic saturation, it will not necessarily provide sufficient representation
of diversity of experience in the population in general. Fourth, the quantitative survey
employed convenience online sampling. While duplicate responses were screened to
minimize bias, the approach has the built-in limitation of statistical representativeness.
Nevertheless, convenience sampling is common in exploratory digital health studies and
appropriate to gain early understanding of customer engagement in new markets like
Saudi Arabia.

Apart from these methodological issues, there are other perceived limitations that
must be dealt with. There is a possibility of cultural bias since healthcare adoption in Saudi
Arabia is determined by certain social expectations, values, and norms that might not be
applicable universally. Demographic influences like age, gender, and education could also
impact the adoption of digital health but were not analyzed independently in this study.
Also, dependence on self-report information can risk fabricated or socially acceptable
answers even with a promise of anonymity. These additional issues do not invalidate the
results but challenge subsequent studies to include demographic controls, assess cultural
generalizability, and implement methods to control response bias. Together, the limitations
hold potential for future studies to increase scope, enhance methodological excellence, and
greater understanding of healthcare digitalization across different environments.

6. Conclusions

This research studied the effects of cultural values and infrastructural readiness on
digital health services perceptions to affect customer engagement in Vision 2030 Saudi Ara-
bia’s healthcare transition. Quantitative and qualitative lines of evidence both attested that
perceived usefulness and ease of use are the strongest predictors of engagement and that
cultural context and infrastructural support exert a decisive influence on adoption success.

Through the integration of Technology Acceptance Model, UTAUT, and change man-
agement theory, the current study brings to the forefront the pivotal role of patient readiness,
trust, and socio-cultural compatibility in facilitating sustainable digitalization of healthcare.
These findings add to the literature on digital health adoption by offering evidence from a
GCC environment, where country-level high-speed changes meet indigenous practices and
models of institutions.
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Practically, the conclusions point towards decision-makers needing technological inno-
vation pitted against cultural sensitivity and investment in quality infrastructure. Beyond
Saudi Arabia, the conclusions offer transferable lessons that can be implemented in other
regions of the world seeking systemic transformation in healthcare through digitalization.

Author Contributions: A A. and Y.T.H. have scrutinized the literature and formulated the research
gap. In addition, they wrote down the literature review. A.A. and Y.T.H. formulated the methodical
framework of this study to achieve the desired objectives. They selected the sample size from the
available population, and has designed the data collection instrument and suggested the method of
data analysis. A.A. and Y.T.H. have presented the discussion of results. The discussion of different
collected data presented in the results. A.A. contributed to this research by collaborating with Y.T.H.
in the design of the data collection instruments. All authors have read and agreed to the published

version of the manuscript.

Funding: The authors extend their appreciation to Prince Sattam bin Abdulaziz University for
funding this research work through the project number (PSAU/2024/01/78919).

Data Availability Statement: Data is contained within the article.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A. Questionnaire

Healthcare systems are integrating digital health technologies to improve patient expe-
riences and engagement. These innovations include electronic health records, telemedicine,
mobile health apps, and Al-driven diagnostics. Understanding how patients perceive
and interact with digital health solutions is essential for assessing engagement levels and
identifying factors that influence adoption.

The following Table (Questionnaire) statements aim to assess Perception of Digital
Health Transformation (Independent Variable) and its impact on Customer Engagement
(Dependent Variable), with Cultural Values and Infrastructural Factors as moderating
variables. Your responses will help us evaluate how digital healthcare advancements shape
patient experiences and engagement.

Please indicate your level of agreement with the following statements using the scale:
(5 = Strongly Agree, 4 = Agree, 3 = Neutral, 2 = Disagree, 1 = Strongly Disagree).

St 1 St 1
rongy Agree  Neutral Disagree 'rong Y
# Statement Agree Disagree
) ®) )
©) 1)
Perception of Digital Health Transformation (Independent Variable)
Perceived Ease of Use
I find it easy to navigate digital health platforms (e.g.,
mobile apps, online portals).
5 I can quickly learn how to use new digital health
tools without external assistance.

3 I can efficiently access my health records through

digital platforms.
4 Booking and managing appointments online is

convenient for me.
5 I believe digital health services are accessible to all

patients, regardless of technical skills.
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Perceived Usefulness

Digital health solutions help me receive faster

6
diagnoses and treatments.
” Using digital health platforms saves me time
compared to traditional healthcare methods.
3 Telemedicine and virtual consultations provide the
same level of care as in-person visits.
9 Mobile health apps help me manage my health and
wellness effectively.
10 Digital health records enhance coordination between
my healthcare providers.
Customer Engagement (Dependent Variable)
Cognitive Engagement
1 I actively seek information about digital health
services.
1 I am interested in learning how digital health can
improve my healthcare experience.
13 I analyze the pros and cons of different digital health
solutions before choosing one.
14 I pay close attention to digital health innovations
introduced by hospitals.

15 I actively explore new features and functions of

different digital health platforms before using them.

Affective Engagement
16 I feel more confident managing my healthcare using
digital health services.
17 I trust that digital healthcare solutions will enhance
my well-being.
18 I feel excited when new digital health services are
introduced.
19 I feel personally connected to digital health solutions
and their role in my healthcare journey
20 My emotional connection to digital health services
influences my willingness to use them.
Behavioral Engagement
1 I frequently use digital health platforms to schedule
medical appointments.
” I'have used telemedicine services for consultations
with doctors.
23 I regularly monitor my health using mobile health
apps.
24 I recommend digital health solutions to friends and
family.

25 I am willing to continue using digital health services

in the future.
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Moderating Variables

Cultural Values

Other-Oriented Values

I believe digital health solutions enhance well-being

26
by improving healthcare access for all.
o7 Older and younger generations have different levels
of comfort with digital healthcare tools.
08 I encourage my family members to use digital health
platforms for better health management.
I trust digital healthcare solutions foster a more
29 cooperative approach between patients and
healthcare providers.
I'support healthcare institutions that embrace
30 diversity by making digital services accessible to
people with different needs.
Environment-Oriented Values
31 I appreciate digital healthcare for reducing paper
usage and medical waste.
0 I trust that digital health solutions contribute to
sustainable healthcare practices.
I believe that hospitals that use digital records
33 instead of paper-based systems are more
eco-friendly.
34 I believe digital health transformation aligns with
global sustainability efforts.
35 My concern for environmental impact influences my
preference for digital health services.
Self-Oriented Values
36 I prioritize digital healthcare services that enhance
my personal convenience.
37 I prefer digital health solutions that allow me to track
and manage my own medical information.
38 My preference for digital health is based on its ability
to improve my well-being.
I prioritize healthcare providers that offer
39 high-quality digital health services, even if they cost
more.
40 My healthcare choices are influenced by the

efficiency of digital health tools.
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Infrastructural Factors

Internet connectivity influences my ability to use

41

digital health services effectively.
0 I believe that limited availability of digital health

services affects people ability to engage with them.

3 The availability of digital health infrastructure in my

country affects my engagement.

I'believe hospitals should invest more in digital
44 .
health infrastructure.

45 I trust that government policies on digital health

impact my willingness to adopt these solutions.

Personal Information
1. Gender
° Male
° Female
2. Age
° Less than 20 years old
e  From 20 to less than 30 years old
° From 30 to less than 40 years old
e  From 40 to less than 50 years old
e  50years old and older
3. Hospital Type
e  Private Hospital
° Public Hospital
4. Hospital Location
. Riyadh

. Dammam

° Medina
e Jeddah
° Mecca

OUuboono 0o doodgo dd

e  Other (specify).. ...

Good Day,

We are conducting a research study titled “Customer Engagement in Digital Health Transfor-
mation: Evidence from Saudi Arabia’s Vision 20307, and we kindly request your cooperation by
completing this questionnaire.

The purpose of this research is to examine the impact of patients’ perceptions regarding the
ease of use and expected benefits of digital health solutions on their level of engagement. The study
also explores the influence of cultural values and infrastructural factors on the relationship between
patient perceptions and digital participation. The questionnaire focuses on patients’ usage of digital
health applications, their trust in these solutions, and their willingness to continue using them.

Your responses will contribute to the development of digital health policies that better align
with the needs of patients in the Kingdom of Saudi Arabia.
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