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:ABSTRACT
1

‘Introduction: Digitalization has become a crucial factor driving innovation
'in companies, research centers, and governmental organizations. This study
‘aimed to identify the drivers of digital innovation, map the relationships
ibetween them, and analyze the effective routes of these drivers within
i governmental hospitals in Rafsanjan.

iMethods: This research is pragmatic in its purpose and employs a descriptive
isurvey for data collection, conducted in 1402. The study's population
i comprised experts from governmental hospitals in Rafsanjan, with a sample of
112 experts selected through the snowball method. The data's validity was
! confirmed using the content validity ratio index. Data analysis was performed
! using the fuzzy cognitive mapping method, supported by Fcmapper, Pajek, and
! Excel software.

!Results: The study identified 12 key factors driving digital innovation in
!governmental hospitals. Fuzzy cognitive map analysis revealed that senior
!management support, with a coefficient of 1.57, exerted the most influence.
! Meanwhile, the organization's digital capacity, with a coefficient of 3.24, was
!found to have the greatest influence. Additionally, the organization's digital
! capacity, with a coefficient of 3.89, exhibited the highest centrality. This
! research contributes by identifying key digital innovation factors, establishing
! causal relationships among these factors, and determining the primary factors
!influencing others through various digital innovation scenarios within
! governmental hospitals.

!Conclusion: Based on scenario analysis findings encompassing 12 drivers
'and understanding the causal relationships among them, it is recommended that
Thospital authorities prioritize the "needs of citizens" driver to foster digital
Iinnovation.
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Extended Abstract

'Introduction

Digital innovation, a concept applied across
disciplines such as economics, strategy, and
marketing [1], not only revolutionizes
strategies and organizational structures for
innovation but also integrates digital and
physical components in novel ways to
develop and deliver services. [2]
Digitalization redefines roles, relationships,
work practices, and identities among
stakeholders, thereby driving
organizational development. [2] The
pervasive impact of digital transformation
affects every industry and company,
necessitating adaptations in strategy and
business models for digital enablement. [3]
The implementation of digital technologies
influences every phase of the innovation
process, from inputs like research and
development expenditures to outputs such
as product and process innovations. [4]
Digital innovation significantly impacts
organizational development [5] and
enhances interactions between government
and citizens, thereby improving the
delivery of public services. In today's
world, digitization is a critical component
of innovation in businesses, research
centers, and government entities. [6] Over
the last two decades, various drivers have
prompted institutional actors to adopt
digital  innovations  in  healthcare
organizations. Despite its potential benefits,
such as improving access to care in rural

areas, reducing hospitalizations, and saving
time for patients and healthcare
professionals, and its accelerated use during
the COVID-19 pandemic and the spread of
telehealth services, far less attention has
been paid to the drivers of digital
innovation in the healthcare sector. In Iran,
despite the numerous advantages of digital
innovation and its significant importance
for organizational development, few studies
have addressed this issue. The existing

studies have mainly investigated the
determinants and conditions of innovation
in industrial organizations. Therefore, the
main questions of this study are: What are
the key determinants of digital innovation
in public hospitals? What are the causal
relationships among these factors in digital
innovation? What are the scenarios for
using digital innovation in public hospitals,
and what impact do they have on other
factors of digital innovation?

'Methods

This study, conducted in the first half of
2023, explores practical issues in hospital
settings using a descriptive-survey method.
It focuses on professionals from
government hospitals and the Rafsanjan
University of  Medical  Sciences,
specifically those with over 12 years of
experience in management or specialized
roles like vice presidents of resources,
medicine, or research. 12 experts from
Rafsanjan's public hospitals were chosen
using snowball sampling, providing critical
insights for the study. Drivers scoring a
content validity ratio (CVR) above 0.62
were considered significant. The study then
used fuzzy cognitive mapping to analyze
causal relationships in digital innovation,
employing tools like EXCEL,
FCMAPPER, and PAJEK. The fuzzy
cognitive map comprised four matrices:
initial success, fuzzy success, relationship
strength, and final success. The initial
success matrix, primarily based on expert
opinions, rated stimuli from one (very low
importance) to five (very high importance).
The fuzzy success matrix normalized these
scores to a zero to one range, allowing for a
more nuanced evaluation of each stimulus's
importance in digital innovation.

Max(0y) - Xi(0y) =1 1
Min(0y) - Xi(0i4) =0 (2)

Max(Oiq) — Min(0y)
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In the study, Equations 4 to 7 are pivotal for
constructing the relationship strength
matrix, which is essential for evaluating the
interplay among different stimuli in the
sphere of digital innovation. Equation 4 is
applied to compute the distance between
pairs of vectors in a direct relationship. This
computation sheds light on the intensity and
character of the direct interactions among
various  stimuli.  It's  crucial  for
understanding  the immediate and
straightforward effects one stimulus has on
another. Equation 5, in contrast, calculates
the distance between vectors in an indirect
relationship. This is key for assessing the
impact of one stimulus on another via
intermediate  elements or non-direct
pathways, offering insights into the more
complex and nuanced interactions within
the digital innovation network. This matrix,
by quantifying the distances between
stimuli in vector terms, reveals the degree
of correlation between them, both directly
and indirectly. Such an analysis is critical in
deciphering the intricate web of influences
shaping digital innovation, particularly in
the context of government hospitals. This
understanding helps in identifying key
areas for innovation and potential points of
intervention for enhancing digital processes
in these settings.

d; = x(v;) — %, (v;) 4)

d; = x,(vy) - (1 - x2(vj)) )

ap = 24| ©
m

s=1—-AD 7

The final success matrix in the study is a
refined version of the relationship strength
matrix, incorporating additional expert
input to enhance accuracy and relevance.
The refinement process includes:

Re-evaluation by Experts: Experts reassess
the relationships depicted in the
relationship matrix. They identify and
discard any connections they consider
inaccurate or misleading. This step is
crucial as it utilizes the experts' knowledge
and experience to refine the matrix,
ensuring that it accurately reflects the real-
world  dynamics of the  system.
Identification of Key Stimuli: In the final
matrix, stimuli are categorized based on

their influence and impact. These
categories are:

Effective  Stimuli:  These  stimuli
significantly influence other elements while
being less affected by them. They are key
drivers of change or impact in the system.
Affected Stimuli: Conversely, affected
stimuli are greatly influenced by other
factors or stimuli, though they also exert
considerable influence. They tend to be
more receptive or responsive within the
system.

Centrality: This is a combined measure of a
stimulus's effectiveness (its ability to
impact others) and its affectedness (its
susceptibility to influence). It provides a
holistic view of the stimulus's overall role
and significance within the network.

By differentiating effective, affected, and
central stimuli, the final success matrix
offers a detailed insight into the interactions
and influences among various elements in
digital  innovation,  specifically in
government hospitals. This comprehensive
understanding is essential for developing
targeted strategies and interventions that
effectively utilize or address these
dynamics influences.

'Results

Based on an extensive review of research
literature, coupled with insights from expert
consultations, and employing the Content
Validity Ratio (CVR) method, this study
successfully identified 12 key drivers of
digital innovation in public hospitals. These
drivers are comprehensively listed in
Tablel.

Table 1. Drivers of digital innovation in public hospitals
Top management support (c1)

Citizens' needs (c2)

Government motivation (c3)

Digital research and development (c4)

Income (c5)

bandwidth (c6)

Government subsidies (c7)

investment (c8)

automation of the organization (c9)
Organization's digital capacity (c10)

Digital education level (c11)

Organization size (c12)
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Table 2 presents the final success matrix, to one, the more potent the influence. A
where the values range from -1 to +1. These positive value signifies a direct effect, while
values represent the impact of one stimulus a negative value indicates an inverse effect.

on another. The closer the absolute value is

Table 2. The final matrix of drivers of digital innovation in government organizations
ClL C2 C3 |C4 C5 C6 C7 |C8 C9 | Cl10 C11 cC12

'(I;olg management support 0.778 0.796

Citizens' needs (c2) 0.806

Government motivation 0421 0.625

(c3)

Digital research and 0.38

development (c4)

Income (c5) 0.634

bandwidth (c6) 0.56 0.792

Government subsidies (c7) 0.621

investment (c8) 0.731

automation of the

organization (c9)

Organization's digital

cagacity (c10) ’ 0.649

Digital education level

(Clgl) 0.694

Organization size (c12) 0.653 0.718
The results of the final success matrix were denoting their simultaneous influence and
utilized to construct a fuzzy cognitive affectedness.
model, illustrating the interrelationships As depicted in Figure 1 and elaborated in
between drivers of digital innovation in Table 5, the drivers ™citizen needs",
public hospitals. This model is visually "bandwidth", and "organization size" are
represented in Figure 1, developed using exclusively identified as influencers, with
Pajek software. This model categorizes the no arrows directed towards them.
drivers based on their roles: Conversely, the “organization automation”
Effectors: These are stimuli from which driver is solely recognized as an effective
arrows only emerge, indicating their role as factor, as it only has incoming arrows and
influencers. They exert influence but are none leading to other variables.Out of the
not significantly influenced by other 12 drivers analyzed, "citizen needs",
drivers. "bandwidth”, and "organization size" are
Effectives: These stimuli have only identified as effective or driving factors,
incoming arrows (no outgoing arrows), while "organization automation” is an
signifying that they are primarily influencing or receiving factor. The
influenced by other drivers and do not exert remaining eight factors possess an
significant influence themselves. intermediate status, playing both influential
Dual-Role Drivers: Some drivers exhibit and affected roles.

both incoming and outgoing arrows,
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Figure 1. Fuzzy cognitive model of drivers of digital innovation in public hospitals

Table 3 provides a detailed examination of
these factors, including their levels of
influence, affectedness, and centrality.
Notably, "Senior Management Support”,
"Organization Size", "Broadband”, and
"Government Motivation" rank as the most
influential, with respective coefficients of
1.57, 1.37, 1.35, and 1.08. In terms of
affectedness, the drivers "organization's
digital capacity", "investment", and "digital
research and development” lead with
coefficients of 3.24, 1.45, and 1.34,

respectively. For centrality, the drivers
"organization's digital capacity”,
"investment”, "Senior Management
Support”, and "Government Motivation"
are most prominent, with coefficients of
3.89, 2.18, 2, and 1.88, respectively. The
centrality value of each factor is derived
from the sum of its influence and
affectedness values. Higher centrality
values indicate greater importance,
necessitating more managerial attention.

Table 3. The main characteristics of the drivers of digital innovation in government organizations

Driver Influence | Affectivity | Centrality
Top management support 0.42 1.57 2.00
Citizens' needs 0.00 0.81 0.81
The motivation of the government 0.81 1.08 1.88
Digital research and development 1.34 0.38 1.72
Income 0.65 0.63 1.28
Bandwidth 0.00 1.35 1.35
Government subsidies 0.66 0.62 1.28
Investment 1.45 0.73 2.18
Organization automation 0.69 0.00 0.69
Digital capacity of the organization 3.24 0.65 3.89
Digital education level 0.63 0.69 1.33
The size of the organization 0.00 1.37 1.37

Figure 2 visually represents these three
indicators (influence, affectedness, and

centrality) for the factors under study.
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The motivation

Citizens' needs of the
government

Top managementsupporH Investment H Digital cap_amt_yofthe
organization

Figure 2. Backward scenario path for driving the organization's digital capacity

In order to delve deeper into the model, six
scenarios were crafted, comprising three
forward and three backward scenarios.
These scenarios are designed to enhance the
understanding of the sequence and
interaction of effective factors, ultimately

aiming to improve their performance.
During the scenario design phase, three
factors with the most influence and three
with the most affectedness were selected to
trace their paths of improvement.

The motivation
Citizens' needs of the
government

Top management
support ]—b[ Investment

Figure 3. Backward Scenario Path for Investment Stimulus

The motivation
Citizens' needs of the
government

Top management Digital research and
support development

Figure 4. Backward scenario path for digital R&D driver

The forward scenario is developed to
predict the behavior of other factors in case
of change in this dimension with a high
degree of effectiveness. For this purpose,
the three drivers of "senior management
support”,  "organization  size" and
"bandwidth", which respectively have the
highest degree of influence, are considered
as the factors of starting the scenario. To
create a forward scenario path for factor one
or the driver of senior management support,
first the coefficient of this driver is set to
zero and then the effectiveness of the output
factors of this factor is checked. This factor
has the greatest influence on factor 4 or the

Top management Digital research
support and development

driver of digital research and development.
To continue the process of the scenario path
forward, this time the driver of digital
research and development in the software
was zeroed and the effect of this behavior
on its output factors was examined, which
has the greatest impact on factor 10 or the
driver of the organization's digital capacity.
In this way, factors 5, 11 and 9 have the
most impact, respectively. This process
stopped in the 9th factor or organization's
automation driver, where this factor does
not affect any other factor as an affected
factor. The first path forward scenario is
shown in Figure 5.

Digital capacity of the |
organization Income
)

Organization Digital education
automation level

Total 5. Path forward scenario for top management support driver

Similarly to the first forward scenario path,
two additional forward scenario paths were
developed, focusing on the stimuli of
"organization size" and "bandwidth". These
paths were constructed using the same

methodological steps as those applied to the
"senior management support” scenario. In
each of these scenarios, the starting point
was setting the coefficient of the primary
stimulus (either "organization size" or
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"pbandwidth™) to zero. The subsequent
impact of this change on other related
factors was then meticulously analyzed to
understand the ripple effects throughout the
network of drivers. The outcomes of these
scenario executions, detailing the intricate
relationships and influences among the

clear graphical depiction of the forward
scenario paths for the stimuli of
"organization size" and "bandwidth",
respectively, showcasing the dynamics and
potential impacts of changes within these
specific drivers on the broader digital
innovation environment in public hospitals.

various drivers, are visually represented in
Figures 6 and 7. These figures provide a

The siz_e of the Investment r Digital capacn_y of the
oraanization | oraanization
N—

[—

Organization
automation

-

Digital education

level ]

Figure 6. Forward scenario path for the organization size driver

Based on the analysis presented in Figure 6,
the size of the organization plays a pivotal
role in influencing the organization's
automation. Similarly, Figure 7 illustrates

] | Il Digital research | Ir
[ Bandwidth and development L

Digital capacity of the
organization

—— — — — — — —

.

)

the influence of bandwidth on organization
automation through a different set of
interconnected factors.

Income

J

A 4

Organization
automation

]F

Vs

.

N
Digital education
level

Figure 7. Path forward scenario for broadband driver

'Discussion

Based on the results of this research, the
identified drivers of digital innovation
include senior management support for
digital innovation, citizens' needs for digital
services, government motivation for digital
innovation,  digital research  and
development, income from digital
innovation services, internet bandwidth,
government  subsidies  for  digital
innovation, investment in the digital field,
organizational automation, digital capacity
of the organization, the level of digital
education, and the size of the organization.
This research identified drivers of digital
innovation in public hospitals in Rafsanjan
city and examined the causal relationships
between them through the implementation
of six scenarios. In the first backward
scenario, the driver "digital capacity of the

organization" was targeted to create the
path of the scenario. During this process,
the "needs of citizens" was identified as the

starting point, while the drivers of
"investment”,  "support of  senior
management"”, and "government
motivation"  were  determined as

intermediate links in this scenario's path.
These results align with the findings of
Frick et al. [7], which suggest that the
support and digital knowledge of senior
managers are related to digital innovation
and lead to increased investment. The
driver of "organization's digital capacity" is
a significant factor identified in this
research and is consistent with the findings
of Khin and Who. [8] In summary, all three
paths of the backward scenario demonstrate
the interconnectivity and influence among
various drivers in the realm of digital

15 https://jha.iums.ac.ir/
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innovation and the enhancement of the
healthcare system. A notable aspect of these
three backward scenario paths is the
significant and decisive role of the "citizens'
needs” driver in digital innovation,
profoundly influencing the most impactful
drivers. In the first path of the forward
scenario, it is observed that enhancing the
"top management support” driver leads to
substantial improvements in the "digital
research and development™ driver. The
second scenario initiates with the
"organization size" driver and follows a
similar trajectory as the first scenario, but
with a greater influence on the "investment"
driver. Conversely, the third scenario
begins with the "Broadband" driver and

organizations who are steering towards
digital innovation. Drawing from the
insights of the backward scenario path, it is
advised to prioritize the "citizens' needs"
driver as the fundamental starting point for
such initiatives, ensuring that digital
innovation efforts align closely with
citizens' needs. Furthermore, based on
insights from the forward scenario, it is
emphasized that managers should not
overlook the significance of "organizational
automation™ as a central element. This is
because every path in the domain of digital
innovation and organizational progress
ultimately converges on this concept.
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