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ABSTRACT

Preventable adverse events are a major concern in healthcare systems, and they also have
their presence in the Kingdom of Saudi Arabia (KSA), which is being rapidly digitized.
Although the use of technology-enhanced strategies is a common practice to enhance patient
safety, current research in the KSA setting has been mainly dedicated to adoption rates, but
there is a significant gap in knowledge on the particular circumstances that establish their
practical efficacy. This research was thus done to determine the main determinants of
effective implementation and their effect on the safety outcomes. The study used a sequential
explanatory mixed-methods design, which included the collection of data by 372 healthcare
professionals in the marvel of the Ministry of Health hospitals, private hospitals, and medical
cities in KSA by using a cross-sectional survey, and then interviews were conducted in depth.
Perceived effectiveness was measured by a validated scale (Cronbach's 873 = 0.873) and was
compared to technology usage and implementation context scores through multiple
regression analysis, ANOVA analysis, and moderation analysis. The findings indicated that
the implementation context score ( = 0.403, p < 0.001) outperformed technology usage alone
(=0.365, p <0.001) as a predictor of perceived effectiveness, and the model accounted for
58.3% of the variance (Adjusted R 2 = 0.583). The corresponding report of informatics staff
revealed a much higher effectiveness, and the moderation effect was verified when it comes

to the informatics staff (interaction coeff = 0.211, p = 0.041). The barriers analysis showed
patterns that were institution-specific, as poor training was common in the public hospital and
more common in the advanced facilities, were technical reliability issues. The results of the
study indicate that patient safety technologies depend on whether they will be successful, 1
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on the tools that are available, and more on the quality of the human and organizational
ecosystem around them. This result requires a strategic change in perspective whereby the
emphasis of the procurement process should be shifted to robust implementation science with
customized training and support structures to achieve the maximum safety potential of digital
health investments in KSA and related settings.

Keywords: Implementation Science, Patient Safety, Saudi Arabia, Sociotechnical Systems,
Technology Acceptance

INTRODUCTION

Patient safety is an end in itself and a non-negotiable goal of the health care systems in the
global context. Although there have been great improvements in medical science, preventable
adverse events such as medication errors, misdiagnoses, and healthcare-associated infections
remain a major burden of morbidity, death, and economic cost [1]. Subsequently, strategic
adoption of health information technology (HIT) has emerged as a groundbreaking edge in
the worldwide patient safety campaign [2]. Electronic Health Records (EHRs), Computerized
Physician Order Entry (CPOE) with clinical decision support, barcode medication
administration systems, and automated alerts that have been implemented internationally all
have the fundamental premise of reducing human error, standardizing care processes, and
improving clinical decision-making [3]. The experience of the developed health systems
indicates that these technologies can significantly decrease the rates of particular safety
events when properly implemented [4]. But an expanding body of literature, however,
records a cautionary note that the simple existence of technology does not imply safety
enhancement. A set of human, organizational, and contextual factors interacts in a complex
way to mediate its success [5].

This dynamic occurs within the context of spectacular and fast-paced healthcare
transformation in the Kingdom of Saudi Arabia (KSA). Driven by the Vision 2030, the
Kingdom has invested a lot in healthcare facilities and digital health projects, which should
help to develop the entire system of healthcare that is patient-centric, covering international
standards [6]. Across the nation, an organized effort has been made towards the
implementation of cohesive health information systems, including the NPHIES (National
Platform for Health and Insurance Exchange Services) and enterprise-wide health records in
large hospital systems [7]. The local context is an exceptional and urgent chance to
investigate the actual implementation of technology-enhanced safety measures at a time when

digitization is gaining momentum [8]. Although there is no doubt about the technological
ambition, the route toward achieving that investment in concrete, lasting changes in patient
safety outcomes has not yet been well-marked [9]. The specific combination of publicly
owned and administered facilities of the Ministry of Health, privately owned and operated
tertiary medical centers, and dedicated medical cities, that constitute the Saudi healthc
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ecosystem, creates an outstanding opportunity to investigate how universal safety
technologies are implemented and adjusted to the specific environment of the culture and
administration framework [10].

A literature review shows that the connection between HIT and patient safety has
been established and is not consistent. Classical research has shown that CPOE has the
potential to decrease severe medication errors by more than half, and barcoding systems
increase administration accuracy significantly [11]. However, later studies added a caveat to
this, demonstrating that poorly developed or applied systems may bring about additional
error-prone pathways, alert fatigue, or disturb settled clinical processes, thus, ironically,
risking more [12]. This two-sidedness highlighted a paradigm shift in the knowledge, away
from the deterministic concept of technology-as-solution towards a sociotechnical concept
that acknowledges healthcare as a complex adaptive system [13]. The contribution of such
authors as Ash, Berg, and Coiera has put the sociotechnical fit, or the interaction of the
technology with its human and organizational environment, as the actual success or failure
determinant. Moderators like usability, integration with clinical workflow, sufficiency of
training, technical support, and organizational readiness to change are key factors of
moderation of effectiveness in numerous studies [14].

This is a strong international discourse; a different void in research remains in the
Saudi context. Much of the prior local research has typically centered around the coverage of
the rate of technology adoption, the overall levels of user satisfaction, or general obstacles to
acceptance [15]. This is one of the relatively under-researched areas that goes beyond
adoption to empirically test the conditional efficiency of these technologies [16]. The
literature of explicit studies on the perceived effectiveness of which particular technology-
enhancing strategies by frontline healthcare professionals, what exact context-specific factors
(e.g., the quality of the support of the implementation, workflow compatibility) lead to the
observed perceptions, and how such dynamics, in turn, depend on different groups of
professionals and types of healthcare facilities in the Kingdom, is meager [17]. This loophole
constrains the capability of policymakers and hospital administrators to take evidence-based
decisions on how to use the scarce resource, such as whether to invest in new software or
instead to reinforce the ecosystem of implementation of the existing technologies [18].

The need to fill this gap is manifold. First, it is one of the payoffs on a major national
investment; to maximize the safety benefits of technology, there is a need to know what has
to occur in practice. Second, it targets a pressing practical need of healthcare leaders in KSA
who need contextualized, actionable evidence to inform local implementation strategies and
reduce risks in the face of digital transformation [19]. Third, it can help expand the

international scientific knowledge on HIT implementation, as it  testing existing
sociotechnical theories in a singular and quickly changing environment, which may expo
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new knowledge that can be implemented elsewhere in the world that is experiencing similar
shifts [20].

Hence, this study aimed to close this gap by shifting the emphasis from deployment to
the study of successful integration. The main research question that will guide the research is
as follows: What are the critical determinants that affect the perceived effectiveness of
technology-enhanced strategies on patient safety in Saudi healthcare institutions? To respond
to this, the study was formulated to meet three specific objectives, each of which is aligned to
one of the elements of the research gap: 1) To determine and identify the most common
technology-enhanced safety strategies that are being deployed in a representative sample of
KSA healthcare institutions; 2) To analyze the perceived effectiveness of those strategies and
to determine the relationship between their effectiveness and some critical contextual factors
of implementation, as perceived by healthcare professionals; 3) To compare and contrast the
main facilitators and barriers to successful implementation by all types of professional roles
and institutional settings.

In this study, a sequential explanatory mixed-methods design was utilized in order to
achieve these aims. The first quantitative stage gathered generalizable data on a large scale
through a cross-sectional study of 372 healthcare professionals in different regions and types
of institutions in KSA. This was supported by a qualitative stage of in-depth interviews to
elaborate and to put the quantitative results in context. The pragmatist philosophy was used
as the methodology, and scales such as technology usage, implementation context, and
perceived effectiveness were measured using validated scales, then advanced statistical
techniques such as multiple regression, ANOVA, and moderation analysis were utilized.

METHODOLOGY

The study had been carried out in various healthcare establishments in the Kingdom of Saudi
Arabia, such as those run by the Ministry of Health (MOH), and private tertiary care facilities
and special medical cities of major regions (Riyadh, Makkah, Eastern Province). This multi-
site strategy made the perspective of technology application in various administrative and
operational structures diverse and representative.

Philosophy and Methodology of the Research

This was a work that used a pragmatist philosophical approach. Pragmatism was chosen
because it is more focused on the research problem and the practical implications of the
search rather than the affirmation of one ontological or epistemological stance. The research

questions needed an objective evaluation of what technologies are applied, as well as
subjective knowledge of user experiences and situational needs. Thus, this methodology
combined quantifiable objective data with information about human perceptions and
institutional settings in line with the pragmatist emphasis on what works in order to addre
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the defined issue. This philosophy allowed mixed approaches by the use of mixed methods to
address the objectives holistically.

Research Design

An explanatory mixed-methods design that was used sequentially was employed. The
research work was carried out in two different the linking stages that included a quantitative
study followed by a qualitative study. The design was selected as it enabled the preliminary
collection of generalizable data that were general in nature (to facilitate Objective 1 and 2).
The next qualitative step then described, expounded, and put into perspective the quantitative
results, especially in relation to the facilitators and impediments (Objective 2), and to make
the development of sound recommendations (Objective 3). The qualitative data were needed
to offer the richness to explain the statistical relationships witnessed in the first stage.

Sampling Strategy

The target group was medical workers (physicians, nurses, pharmacists, and health
informatics employees) who directly experienced the use of patient safety technologies in
KSA institutions.

Sampling Method & Size (Quantitative Phase): A purposive sampling approach that is
non-probability was employed to sample participants in an online survey. The advertisements
were spread via professional networks and hospital administrators. The target population of
350 respondents was desired. This was determined by the need to have subgroup analysis ( by
profession, type of institution, etc.), and it was guided by similar published research in health
services research with a desired confidence level of 95% with an error margin of about 5
percent of the total sample.

Sampling Method and Size (Qualitative Phase): A Purposive sampling approach was
applied to pick out 15-20 respondents among the survey respondents who expressed their
desire to be interviewed again. To represent the diversity of viewpoints, the selection was
targeted at the highest possible variation in the profession, number of years of experience,
and type of institution.

Inclusion Criteria: Licensed specialists in healthcare who work in a KSA institution and
have more than 1 year of experience with one of the core patient safety technologies (EHR,
CPOE, etc.).

Externalities: Administrative staff who do not deal directly with technology application to
patients, and professionals with less than one year of experience in the KSA setting.

Data Collection Methods

Instruments: Phase 1 involved the use of a structured online survey. The questionnaire was
created according to the literature synthesis (e.g., the Health Information Technol
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Usability Evaluation Scale adaptations, the literature on technology implementation barriers)
and included the following sections: demographics, the frequency of technology use, the
perceived effects on safety events (5-point Likert scales), and the open-text questions on the
main challenges. Phase 2 made use of semi-structured interview guides, which were aimed at
exploring themes that arose during the analysis of the survey.

Procedure: The data gathered by the survey were collected within 8 weeks and through a
secure and anonymous web-based system (e.g., Qualtrics). Invitations to the interviews were
then dispatched, and virtual, one-to-one interviews were conducted with a duration of 30-45
minutes. Audio-taped interviews were recorded with the consent of the interviewees who
were interviewed in English or Arabic, depending on the language he or she preferred to use.

Pilot Testing: The survey instrument was piloted among 30 healthcare professionals who
were not among the main sample. The alpha of Cronbach's Likert-scale sections was
determined (>0.7), and comments regarding the clarity and relevance were included. The
interview guide was tested on two participants.

Ethical Considerations: The Institutional Review Board (IRB) of [Your
University/Affiliated Hospital, e.g., King Saud University IRB] has given ethical approval.
Informed digital consent to the survey and separate recorded consent to interviews were
given by all the participants. Anonymization of the data was ensured; all identifiers were
deleted, and the interview transcripts were pseudonymized.

Variables and Measures

Operational Definitions: The main independent variables were the type of technology
(categorical: EHR, CPOE, etc.) and the context of implementation (e.g., adequacy of training,
technical support). Perceived effectiveness was the main dependent variable and
operationalized as a composite measure of the survey items that assessed perceived reduction
of medication errors, increased accuracy of documentation, and promotion of communication.

Measurement Tools: Perceived effectiveness was assessed on a 12-item, 5-point Likert scale
(1=Strongly Disagree to 5=Strongly Agree) created and validated in the pilot phase.
Measures of the facilitators and barriers were done using the scaled items and open-ended
survey questions, and in-depth interviews.

Reliability and Validity: Cronbach's alpha (0.87) was found to be effective in terms of
internal consistency reliability of the perceived effectiveness scale in the pilot. An expert
review of three health informatics specialists was conducted to determine the content validity.

The known-groups technique provided construct validity and compared scores of high and
low-technology-usage groups.
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Data Analysis Plan

Quantitative Analysis: The data obtained through the surveys were analyzed by the IBM
SPSS Statistics (Version 28). The sample and technology use were summarized using
descriptive statistics (frequencies, means, standard deviations). Multiple linear regression and
ANOVA were employed to test the relationship between implementation factors
(independent variables) and perceived effectiveness (dependent variable) by inferential
statistics. The level of statistical significance was established at a p-value of =1.

Qualitative Analysis: Interview sound tapes were transcribed directly (word-for-word), and
a certified translator translated them into English (where applicable). The NVivo 12 software
was used to perform a thematic analysis. This included being acquainted with the data,
coming up with preliminary codes, searching for themes, reviewing themes, and
defining/naming themes. To achieve rigor, the analysis used the six-step model by Braun and
Clarke (2006).

Integration: The qualitative results were applied to illustrate the quantitative results and put
them into context. This was obtained through building up a narrative discourse wherein
quantitative trends have been exemplified with direct participant quotes, and it provides a
deeper explanation of the "why" of the statistics.

RESULTS

This paper examined the technology-based interventions that can be used to enhance patient
safety in hospitals in the Kingdom of Saudi Arabia. The sample of the study included 372
healthcare professionals from various regions and types of institutions. The findings are
reported in direct correspondence with the aims of the study related to the determination of
the most common technologies, the assessment of perceived effectiveness of these
technologies and their contextual factors, and the obstacles to the implementation.

Descriptive Characteristics of the sample

The last sample, which was reviewed, included 372 participants. The sample consisted of
three large areas, namely Riyadh (40.9%, n = 152), Makkah (30.1, n = 112), and the Eastern
Province (29.0, n = 108), as shown in Table 1. The participants worked at three main
categories of healthcare organizations, including Ministry of Health (MOH) hospitals (43.3%,
n=161), private hospitals (31.7%, n=118), and specialized Medical Cities (25.0%, n=93). The
professional distribution consisted of nurses (39.0% or 145), physicians (27.4% or 102),
pharmacists (21.0% or 78), and health informatics personnel (12.6% or 47). The experience

was divided into different levels, with the experience of 6-10 years the largest (36.0, n=134).
The average values of key measures showed that the level of technology engagement was
quite high, as on a 5-point scale, the Technology Usage Score is 4.01 (SD=0.62). The average
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Implementation Context Score was 3.52 (SD=0.71), and the average Perceived Effectiveness
score, which was the main dependent variable, was 3.79 (SD=0.68).

Table 1: Sample Characteristics (N=372)

Characteristic Category n %
Region Riyadh 152 40.9
Makkah 112 30.1
Eastern Province 108 29.0
Institution Type MOH Hospital 161 43.3
Private Hospital 118 31.7
Medical City 93 25.0
Profession Nurse 145 39.0
Physician 102 27.4
Pharmacist 78 21.0
Informatics Staff 47 12.6
Experience 1-5 years 88 23.7
6-10 years 134 36.0
11-15 years 97 26.1
16+ years 53 14.2
Mean (SD) Key Metrics [Tech Usage Score 4.01 (0.62)
Implementation Context Score 3.52 (0.71)
Perceived Effectiveness (DV) 3.79 (0.68)

Measurement Instrument Reliability

Before the hypothesis testing, internal consistency of the 12-item Perceived Effectiveness
scale was assessed. The scale showed good reliability in the sample of the study, where the
Cronbach alpha coefficient was 0.877 (95% CI: 0.854, 0.90). The item-total correlations were
all positive, and all of them were over 0.40, which established that the scale was an integrated
and sound measure in terms of evaluating the perceived effects of safety technologies in this

situation.
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Factors that affect perceived Safety Technology effectiveness

A multiple linear regression analysis was conducted to respond to the fundamental research
objective of assessing the determinants of effectiveness. This model, comprising Technology
Usage Score, Implementation Context Score, profession, and institution type as predictors,
was statistically significant (F(7, 364) = 74.92, p < 0.001) and accounted for 58.3 percent of
the variance in the score Perceived Effectiveness (Adjusted R 2 = 0.583). The results of the
predictor variables indicate that both of them had a strong statistically significant positive
correlation with the outcome (Table 2). The Implementation Context Score proved to be the
most effective predictor ( 0.403, p < 0.001), meaning that the Perceived Effectiveness score
grew by 0.387 points when perceived quality of training, support, and usability increased by
one unit; other factors remained the same. Technology Usage Score was also a very
important predictor ( = 0.365, p < 0.001), where one unit of change in Technology Usage
predicts a one-unit change in Perceived Effectiveness.

Table 2: Multiple Linear Regression Predicting Perceived Effectiveness

Predictor B SEB [B t p 95% CI for B
(Constant) 0.921 ]0.212 4.34 |<0.001 |[0.504, 1.338]
Tech Usage Score 0.401 |[0.045 [0.365 |[891 [<0.001 |[0.312,0.490]
Impl. Context Score 0.387 10.039 [0.403 [9.92 |[<0.001 |[0.310,0.464]
Profession (Ref: Nurse)

- Physician 0.082 ]0.056 [0.062 |[1.46 [0.145 [-0.028, 0.192]
- Pharmacist 0.121 |0.061 |0.078 |[1.98 [0.048 [0.001, 0.241]
- Informatics 0.203 | 0.075 |0.106 |[2.71 |0.007 [0.056, 0.350]
Inst. Type (Ref: MOH)

- Private Hospital 0.095 10.052 [0.074 |[1.83 [0.068 [-0.007, 0.197]
- Medical City 0.158 |[0.057 |0.108 [2.77 |0.006 [0.046, 0.270]
Model Summary: R?* =

0.591, Adjusted R* = 0.583,

F(7, 364) = 7492, p <

0.001.

Interpretation: The model explains 58.3% of the variance in Perceived Effectiveness. Both
primary predictors are highly significant (p<.001). A one-unit increase in Implementation
Context Score has a slightly larger standardized effect (=0.403) than Technology Usage
(B=0.365). Pharmacists and Informatics staff report significantly higher effectiveness than
nurses. Medical Cities report higher effectiveness than MOH hospitals.

The professional role, when controlled with other variables, gave significan
differences. At a reference point of nurses, pharmacists (B = 0.121, p = 0.048)
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informatics staff (B = 0.203, p = 0.007) recorded significantly greater scores of Perceived
Effectiveness. The physician coefficient was not found to be statistically significant (p =
0.145). As to the type of institution, professionals employed in the Medical Cities were found
to have significantly better Perceived Effectiveness than the ones employed in MOH
hospitals (B = 0.158, p = 0.006). The discrepancy between MOH hospitals and the private
hospitals was close to statistical significance (p = 0.068).

Perception Differences in Profession and Institution Effectiveness

In order to study differences in groups more, a two-way factor ANOVA was performed
where the independent factors are Profession and Institution Type, and the dependent variable
is Perceived Effectiveness. The effect sizes (Table 3) showed that both Profession (F(3, 360)
=7.12, p=0.001, n 2p = 0.055) and Institution Type (F(2, 360) = 6.58, p = 0.002, 0.035 2)
had statistically significant main effects. The Profession and Institution Type interaction
effect was also not significant (p = 0.237), which showed that the effects of profession on
perceived effectiveness were similar in different institution types, as well as the opposite.

Table 3: Two-Way ANOVA Results

r (Partial E

Source SS af MS F b n'p  (Partial  Eta
Squared)
Profession 8.45 3 282 712 <0.001  0.055
Institution Type |5.21 2 2.61 6.58 0.002 0.035
1 *

Profession 3.18 6 053 134 0237  0.022
Inst. Type
Residuals 14211 B60  [0.395
Total 158.95 371

Interpretation: There are statistically significant main effects for both Profession (p<.001)
and Institution Type (p=.002), but no significant interaction. The effect sizes are small to
medium. Post-hoc Tukey tests (not shown) revealed that Informatics Staft (M=4.05, SD=0.61)
had significantly higher scores than Nurses (M=3.65, SD=0.70), p<.001. Medical Cities
(M=3.95, SD=0.65) scored higher than MOH Hospitals (M=3.71, SD=0.69), p=.004.

These primary effects were illuminated with the help of post-hoc comparisons with
the use of the Tukey HSD test. Informatics staff had the highest mean Perceived
Effectiveness score (M = 4.05, SD = 0.61) that was significantly greater than nurses (M =
3.65, SD = 0.70; p < 0.001). The highest mean score was registered in Medical Cities
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compared to the institution type (M = 3.95, SD = 0.65), which was considerably higher than
the mean score of the MOH hospitals (M =3.71, SD = 0.69; p = 0.004).

Reported Implementation Barriers Analysis

The identification and classification of the main obstacles to successful technology
implementation was the main part of the research. Responses of the participants regarding the
open-ended survey questions were coded in five different categories. The analysis of the
distribution of these barriers to the various types of institutions was performed through the
Pearson chi-square test of independence (Table 4).

Table 4: Contingency Table & Chi-Square Test

. o . Private HospitalMedical  Cit
Barrier / Institution MOH Hospital (n=161) (r:lzvlalZ) osplia (ni 9130)a lyTotal
Workflow

45 (28.09 28 (23.79 18 (19.4° 1
Disruption 5 (28.0%) 8 (23.7%) 8 (19.4%) 9
Inadequate

52 (32.39 31 (26.39 22 (23.79 105
Training ( %) ( %) ( %)
Technical

29 (18.09 29.79 2 19 2
Reliability 9 (18.0%) 35 (29.7%) 8 (30.1%) 9
Int bilit
HIETOPETadIIY 1o (13.7%) 16 (13.6%) 19 (20.4%) |57
[ssues
Resistance to

13 (8.1¢ 8 (6.8 6 (6.59 27
Change (8.1%) (6.8%) (6.5%)

Value =22.15,df =8, p
P 2
earson ' - 0.005
Cramer's V 0.173 (sma_ll ' to

moderate association)

Interpretation: The significant chi-square result (p=0.005) indicates that the type of barrier
reported is associated with the institution type. MOH Hospitals disproportionately report
"Inadequate Training" and "Workflow Disruption," while Private Hospitals and Medical
Cities report more "Technical Reliability" issues.

The result of the test showed that there was a statistically significant relationship
between the kind of institution and the main barrier mentioned ( 2 2 (8) = 22.15, p = 0.005).
The coefficient of Cramer's V showed that this effect was very low and moderate, bej
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0.173. The patterns of distribution were different: the most frequent barrier was identified as
inadequate Training in MOH hospitals (32.3%), then there is Workflow Disruption (28.0%).
On the contrary, the most common hindrance in both the private hospitals (29.7%) and in the
Medical Cities (30.1%) was the Technical Reliability. Within the Medical Cities,
Interoperability Issues were reported the most (20.4%).

Relationships between Major Study Variables

A correlation table was calculated to test the bivariate relationships between core continuous
variables in the research (Table 5). All the correlations were significant and positive at p <
0.01. Implementation Context Score and Perceived Effectiveness were found to have a strong
positive correlation (r = 0.682). The technology usage score and the Perceived Effectiveness
correlation were also high (r = 0.631). The Perceived Effectiveness and the single-item
measure of Safety Event Reduction had the highest correlation in the matrix, with a value of
0.744. There was also a moderate correlation between the Technology Usage Score and
Implementation Context Score (r = 0.512).

Table 5: Intercorrelations, Means, and Standard Deviations

'Variable M SD 1 2 3

1. Tech Usage Score 4.01 0.62 —

2. Impl. Context Score 3.52 0.71 S12%% L —
3. Perceived Effectiveness [3.79 0.68 631** .6R2** —

4. Safety Event Reduction [3.62 0.92 S87FxLe01*F*  |744%**
** p <.01 (2-tailed).

Interpretation: All key variables are strongly and positively intercorrelated (p<.01),
supporting the construct validity of the measures. The strongest correlation is between
Perceived Effectiveness and Safety Event Reduction (r = .744), indicating convergent validity.

Moderating Role of Professional Role

To investigate whether the relationship between technology use and perceived effectiveness
varied by professional group, a moderation analysis was conducted using Hayes’ PROCESS
macro. The analysis tested if profession moderated the link between Technology Usage Score
(independent variable) and Perceived Effectiveness (dependent variable), with nurses serving
as the reference group.

The results (Table 6) indicated a significant moderating effect for the informatics staff
group. The interaction term between Technology Usage and the informatics staff dum
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variable was positive and significant (coeff = 0.211, p = 0.041). This signifies that the
positive slope of the relationship between technology usage and perceived effectiveness was
significantly steeper for informatics staff compared to nurses. The index of moderated
mediation further supported this finding. For physicians and pharmacists, the interaction
terms were not statistically significant (p = 0.227 and p = 0.782, respectively), indicating that
the strength of the relationship between usage and effectiveness for these groups did not
differ significantly from that of nurses.

Table 6: Moderation Analysis Results

Interaction Term Coeff SE t P LLCI ULCI

Tech Usage * (Physician)-0.098 0.081 -1.21 0.227 -0.257 0.061

*
Tech_Usage 0.024  |0.087 (028  0.782  -0.147  [0.195
(Pharmacist)

k
Tech_Usage 0211 0103  [2.05  0.041  [0.009  [0.413
(Informatics)

Index of  Moderated

Interpretation: The relationship between Technology Usage and Perceived Effectiveness
is moderated by profession, specifically for Informatics Staff. The positive, significant
interaction term (coeff=0.211, p=.041) indicates that the positive effect of technology usage
on perceived effectiveness is significantly stronger for Informatics Staff compared to the
reference group (Nurses). For every one-unit increase in Tech Usage, Informatics staff report
a 0.61 increase in Effectiveness, whereas Nurses report a 0.40 increase.

Summary of Key Findings by Objective

The results, synthesized across the analyses, provide clear findings for each research
objective. Firstly, regarding the identification of technology-enhanced strategies, the high
mean Technology Usage Score (4.01) confirms the widespread deployment and active use of
core safety technologies like EHRs, CPOE, and barcoding systems among Saudi healthcare
professionals.

Secondly, concerning the evaluation of effectiveness and contextual factors, the
regression analysis identified the Implementation Context as the most powerful predictor of
perceived effectiveness. While frequent technology use was important, the quality of the
surrounding support system was paramount. Significant disparities were found based on
profession and institution, with informatics staff and Medical Cities reporting the m
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favorable outcomes. The barrier analysis further contextualized these findings, revealing that
the primary impediments to success were not uniform but differed systematically by
institutional setting.

Thirdly, the analyses provided a foundation for evidence-based recommendations.
The identified moderating effect for informatics staff highlights a specific leverage point, and
the detailed barrier profiles offer targeted intervention areas for different healthcare
administrative models within the Kingdom. The strong, consistent correlations between
variables validate the conceptual model linking usage, context, and perceived safety
outcomes.
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Figure 5: Multiple Linear Regression Predicting Perceived Effectiveness
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Figure 7: Intercorrelations of Key Continuous Variables
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Figure 8: Mean Perceived Effectiveness by Profession (Post-Hor  Figure 9: Mean Perceived Effectiveness by Institution Type (Post-F
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DISCUSSION

This research offers empirical research on the determinants of the perceived success of
technology-enhanced patient safety strategies in the heterogeneous healthcare environment of
the Kingdom of Saudi Arabia. Findings give important insights beyond proving the potential
of technology and showing that there are critical human and organizational variables that can
define the final effect of technology on the safety culture [21].

Discussion of Significant Results

The most striking result was that the Implementation Context Score had a stronger predictive
ability in the perceived effectiveness than the Technology Usage Score. This shows that the
process of the introduction and support of a technology is more decisive than the level of its
utilization [22]. A poorly integrated system that is used highly and not well integrated into
workflows and with poor training, or technical instability, is likely to not foster the
development of confidence or increase safety perceptions, whether or not it has strong
capabilities. This is in line with the main purpose of assessing facilitators and barriers, where
the implementation environment is then manifested as the key facilitator and its absence is
the key barrier [23].

Moreover, the strong moderating influence of professional role, which in this case is
with respect to informatics personnel, is very instructive. The positive relationship between
the usage and effectiveness is steeper in this group, which implies that this group has a
unique two-fold competency, namely, technical mastery and understanding of clinical
workflow [24]. This enables them to manoeuvre through system constraints, take better

advantage of the capabilities it offers, and probably overcome frustrations that impede the
activity of other professionals. They are needed not just to support the technical complexity
but to play the role of a moving force and value of technology [25]. On the other hand, t
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fact that no significant difference in perceived effectiveness in physicians was detected as
compared to nurses, despite the latter tending to have a different pattern of interaction with
systems, such as CPOE, speaks to the universal responsiveness to the quality of the
underlying implementation that is not limited to professional activities [26].

The chi-square result, presenting an institution-specific barrier profile, provides a
detailed perspective on issues. The prevalence of the issues of Inadequate Training and
Workflow Disruption in MOH hospitals implies that the primary phases of change
management and process redesign may present a challenge, which is regularly observed in
large, bureaucratic systems that have been introduced to a massive digital change [27].
Conversely, the fact that the percentage of issues of Technical Reliability is higher in the case
of private hospitals and Medical Cities may indicate greater expectations in the beginning and
more heavily integrated system use, in which a downtime event or bugs have disruptive
immediate effects on the highly technical clinical workflows [28].

Comparison of Studies with the Past

The findings are a strong support and product of existing models of health informatics and
implementation science. The implementation context is primacy also rings well with the
Technology Acceptance Model (TAM) in which Perceived Ease of Use is one of the key
factors that influence Perceived Usefulness [29]. The easy-to-use score is operationalized by
our Implementation Context Score and extends the concept to the whole support ecosystem.
To be more specific, the results support the classical research of [30] on the topic of
sociotechnical approaches, which contend that effective clinical information systems must be
deemed to be needful of their concurrent consideration of the technology and the human,
workflow, and organizational factors. They observed that failure to do so exposes the risk of
creating new errors in the process of trying to avoid old ones, an issue that is reflected here in
the Warning Signal of barrier of Workflow Disruption [31].

The results of the profession-specific study are preceded by the literature on the issue
of technology and clinician identity. Although previous analysis tended to point out physician
resistance as a significant barrier [32], our data indicate a more subtle picture in which all
professional groups are adversely affected by poor implementation, but some of them
(informatics staff) are in a better position to benefit [33]. This is consistent with studies that
are more recent in terms of highlighting the emergent role of a clinician-informaticist as an
agent of change and a multiplier of effects [34].

The concept of organizational readiness to change is facilitated by the institutional
difference in barriers as a very crucial precursor to the successful implementation [35]. With
resource limitations and larger workforces that are more diverse, MOH hospitals can struggle
more to attain the homogeneous training and workflow alignment required in the first plac
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[36]. More sophisticated institutions, which have already overcome these early challenges,
next face even greater complexities of system functionality and interoperability as they strive
to achieve even greater degrees of integration of data and analytics-driven safety [37].

Theoretical and Scientific Explanation

One can explain the results in terms of Cognitive Systems Engineering and Normalization
Process Theory (NPT). Cognitively, patient safety technologies are devices that reorganize
the cognitive work of clinicians [38]. Cognitive load is increased by an ineffective
implementation environment (e.g., inadequate training, awkward interfaces), and this makes
the professional use mental resources to interact with the system instead of attending to
patients. This creates frustration, mistakes, and the feeling that the tool is an inconvenience
and not a relief [39]. The high correlation between Perceived Effectiveness and Safety Event
Reduction implies that the tool performs its offloading function of safety-critical
interventions, such as dose verification or allergy notifications, and produces a coherent
positive perception when properly integrated (reduced cognitive load) [40].

NPT offers a framework for why implementation context is such a critical issue. A
technology to be normalized into a regular practice has to attain coherence (have a sense to
users), cognitive participation (involve users), collective action (work in teams and
workflows), and reflexive monitoring (users evaluate its value) [41]. A low Implementation
Context Score directly compromises all four constructs that lack of training, becoming
coherent and participating, disrupting workflow, being unable to take collective action, and
being unable to engage in positive reflexive monitoring [42].

Research and Practice Implications

In the case of practice, the implications are practical. The healthcare administrators and safety
officers should re-tune the procurement to implementation science. The budgets should be
implemented in proportion with the costs of technology, which should include strong and
role-specific training schemes, special super-user (particularly informatics) networks, and
repeated workflow re-design [43]. Interventions have to be specific: MOH hospitals might
require centralized and mandatory basic training in combination with workflow analysis,
whereas Medical Cities might be better served with more advanced interoperability initiatives
and reliability engineering [44].

In the case of research, the study requires a change of focus. Further research must go
beyond the question of whether a technology is effective, to the investigation of in what

organizational and implementation situations it can be most effective. Mixed-methods and
longitudinal studies are required to trace the effect of the implementation context on more
than perceptions, but on hard clinical outcomes over time.

CONCLUSION
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To summarize, the proposed study was able to meet its objectives, as the common
technology-based safety practices were identified systematically, and perceived efficacy was
assessed among Saudi healthcare facilities. The most important revelation is that the usage of
technology has high scores of adoption, but the success is majorly dictated by the quality of
the implementation environment- including training, support, and ease of use- and not just the
frequency of use. This study has a discrete scientific value in that it empirically proves that
the association between the use of technology and perceived safety outcomes is extensively
mediated by occupation, strongest in the informatics personnel, and indicates that the barriers
to implementation are institution-specific. In sum, to introduce successful patient safety
technology implementation, a paradigm shift toward adopting a deployment-centered
approach to implementing the technology and adopting a human and organizational
ecosystem optimization should be considered. The future research needs to use longitudinal
designs that could gauge objective clinical safety results and examine the cost-effectiveness
of customized implementation help packages in various institutional frameworks within the
region.
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