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Abstract. Traditional methods that have been going on for a long time have begun
to change with the spread and widespread use of the internet. A new transformation
has been experienced with digital media. This transformation has brought about
changes and developments in various sectors. In the healthcare sector, great steps
have been taken at the point of transformation, and the Industry 4.0 revolution
has also affected hospitals. In the study, research has been conducted on what
changes that Industry 4.0 has created on hospitals, how it affects and contributes
the sector. Within the scope of the research, a digital roadmap was proposed for
three hospitals that tend to digitalize and focus on development and innovation.
Thus, a tool will be created for hospitals to see their faults and evaluate themselves.
In the model proposed within the scope of the study, a total of 25 criteria, including
six main and nineteen sub-criteria, were determined. With the determined criteria,
itis aimed to measure the digital maturity level of three hospitals. In the study, the
BWM method was preferred in determining the criteria priorities. In the ranking of
the identified alternatives, the CODAS and MABAC methods were compared and
the ranking results in both methods supported each other. Since the topic of digital
transformation has been attracting attention and demand recently, it is thought that
the study will contribute to both the literature and the healthcare sector. However,
the methodology has new and limited applications. In addition, to the best of
our knowledge, there is no study comparing the digital maturity performance of
hospitals in the healthcare sector with the proposed methodology.

Keywords: Digital maturity model - Healthcare industry - BWM - CODAS -
MABAC

1 Introduction

With the widespread use of the internet, traditional methods have begun to change, and
a new transformation has been experienced, leaving its place to the digital environment.
Digitalization is the presentation of any information in a form that is not tied to a phys-
ical location. In addition, the transfer of digital technologies to daily life is also called
digitalization [1]. Ensuring that companies’ activities are sustainable in electronic envi-
ronments such as computers and mobile phones, digital transformation is now paramount
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for companies which want to increase the productiveness and effectiveness of employ-
ees. For organizations, digitalization is a new concept that needs to mature. Therefore, it
has introduced the concept of “digital maturity” to improve measurement and compare
it with other competitors. The digital maturity model is a guide used to define and mea-
sure the current state of an organization and compare it with the desired maturity level.
It helps organizations deciding when and how to act during their transition to digital
transformation [2]. Organizations that implement this approach rapidly increase their
production capacity and improve their ability to produce more value [3].

Digital transformation can be implemented in various sectors. The healthcare sector,
which is an important building block for all humanity, is one of these areas. Healthcare
is an indispensable element for individuals and societies. As technology develops, a
universal digital healthcare system is formed by including traditional methods. Another
aspect of the digitalization of healthcare is the digitalization of hospitals which is one of
the areas where healthcare is provided. Digitalization in hospitals is the integration of all
kinds of information flow in the hospital environment with digital technologies. It aims
to efficiently use the automation of the manual transactions and the digital environment
[4]. The digitalization processes of hospitals around the world are evaluated and certified
by the Healthcare Information and Management Systems Society [5].

When literature and the reports of industry are examined, it is seen that the production
of digitalization and maturity models applications [6—8] have been observed in various
sectors such as defense [9], banking [10] and logistics [11]. Detailed literature research
1s given in the second part of the study. In particular, when the healthcare sector and
hospital practices are taken into account, it has been determined that studies in this field
are not sufficient. Based on this gap, a roadmap that can be used in digital transformation
for the healthcare sector has been introduced in the study. In this context, 6 main criteria
namely leadership, strategy, technology, employees, management, organization, culture,
budget and 19 sub-criteria, were determined in the proposed model and digital maturity
performances were compared for three hospitals in Istanbul. BWM (Best-Worst Method)
was preferred in determining the importance weights of the digital maturity model cri-
teria. The BWM method is a binary comparison-based method that allows us to make
comparisons in a specific aim. The reason for choosing the method is to determine the
best and worst criteria before comparisons, so that the decision maker has a clear idea
about the assessment range. This process makes pairwise comparisons approach more
reliable [12]. The three hospitals were listed by CODAS (Combinative Distance-based
Assessment) and MABAC (Multi-Attributive Border Approximation Area Compari-
son) methods. The ranking obtained by both methods supported each other. MABAC
and CODAS methods are current methods recommended to be used in solving MCDM
problems. With the proposed roadmap and analysis, it is thought that a tool has been cre-
ated through which hospitals can see their faults and evaluate themselves. The readiness
of the selected institutions for Industry 4.0 and digitalization in terms of technological,
administrative, budgetary and employees has been evaluated comprehensively.
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This study contains five sections after the introduction. Section 2 presents a literature
review on digital maturity, while Sect. 3 explains the methodology used in the study.
Next, in Sect. 4, the proposed model is applied in a real-world case study and provides
a sensitivity analysis. Lastly, Sect. 5 concludes the research and discussion.

2 Literature Review

Within the scope of the study, 40 studies from national and international sources have
been examined by searching for the keywords digitalization, digitalization in hospitals,
digital maturity, digitalization in the healthcare sector, and digital maturity level for
the years between 2016-2022. [6] has worked on the development of a maturity model
and an associated tool and evaluated the Industry 4.0 maturity of enterprises. Review,
conceptual modelling, qualitative and quantitative empirical validation methods were
used in the study.

[7] measured the digital maturity of a company manufacturing machinery in Sakarya
and identified the strengths of the business and the areas that need to be improvement.
[13] compared the Industry 4.0 maturity of a company in the defense sector with 12
organizations in its supply network. [ 10] presented a case study in the banking industry to
identify companies’ most important criteria for DMM and to rank companies. HFL, AHP,
and ARAS methods were used in the study. [14] investigated the factors affecting digital
maturity and how it could be measured in a Scandinavian FMCG company. [9] proposed
a two-stage maturity model to evaluate the adaptation level of companies in the logistics
sector to the digital transformation process. The BMW method was used in the study.
[15] examined the effects of digital transformation on the defense industry. In this study,
hesitant fuzzy AHP approach was used to prioritize the Industry 4.0 maturity features
that was developed for the military industry. [16] tried to explain digital perception
in healthcare communication in terms of healthcare institutions, healthcare units, and
patients receiving healthcare services. Within the scope of healthcare communication,
the study stated that keeping up with the speed of digital transformation is no longer a
matter of preference for doctors and patients, but a necessity. [17] tried to examine the
effect of institutional digital maturity on clinical outcomes in secondary care services
within the British National Health Service. [18] examined the digital transformation
of institutions, detailed the healthcare sector, and presented a digital transformation
proposal. [19] developed the Industry 4.0 Maturity Model for hospitals by using the
Hesitant Fuzzy AHP method in his study and investigated the change brought about by
the concept of Industry 4.0 in hospitals.

[20] proposed a new model to help manufacturing businesses determining their digital
maturity level before transitioning to Industry 4.0 and it was analyzed with the AHP
method. [21] presented information compiled from the literature about the development
stages of the digital hospital concept, information systems, and digital hospital studies.
[22] proposed an Industry 4.0 maturity model to assess the maturity level of Indian
manufacturing organizations. [23] aimed to examine applied studies on Industry 4.0
maturity models by conducting literature research. Researchers proposed new models
as a result of the study. [24] proposed a maturity model that evaluates the use of key



280 E. E. Nebati and B. Toprak

Industry 4.0 technologies with the AHP method. In the study, an Industry 4.0 scale was
presented and the Industry 4.0 maturity of a food manufacturing company was calculated
with the scale (Sar1 2020). [11] used IMPULS maturity model criteria and sub-criteria to
evaluate the Industry 4.0 maturity level of logistics companies. Multi-Criteria Maturity
Model Approach were used and compared to rate logistics organizations. [25] aimed to
determine the level of digital maturity of logistics organizations. [26] aimed to evaluate
the digital maturity of the business and used the Best-Worst method as a methodological
approach. [27] tried to reveal how a roadmap can be developed for digital transformation
in businesses and the validity and reliability of the digital transformation scale.

When the digitalization and digital maturity studies in the literature are examined,
there are studies on the implementation of digitalization and digital maturity level mea-
surement in many different sectors such as healthcare [ 19, 28], production [8, 29], defense
industry [14], logistics [25], and banking [10]. In the studies, the prominent criteria in the
field of digital transformation were observed as leadership, strategy, culture, technology,
employees, budget, and management and organization. It has been observed that various
techniques such as literature review are used to determine the criteria. When the health-
care sector applications of digitalization are evaluated, it is understood that the effects of
digitalization in healthcare are discussed in the new period. With the new applications,
the field of healthcare has developed and more beneficial and effective results have been
observed for the society [28]. Especially in recent years, the importance of the concept
of digital transformation has emerged. Assuming that its importance will increase in
the years ahead, it is inevitable that the studies in this field will spread to all sectors.
As a result of the literature research, it has been observed that there are limited studies
in this field, especially in the healthcare sector. It is hoped that this study, carried out
in this context, will contribute significantly to the literature and the industry in digital
transformation research in the field of healthcare.

3 Methodology

3.1 BWM Method

The BWM method was developed by Rezaei in 2015. It is used in criterion weighting
and is based on the idea of comparison between two criteria. Compared to MCDM
methods, in the BWM method, the results are more reliable with the consistency of the
comparisons and require less comparison data. The steps of the BMW method are given
in Fig. 1 [30], and the consistency index is given Table 1.
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eStep 1: Determine of decision criteria

eStep 2: Determine the best and worst criterion

eStep 3:Determine the preference of the best criterion

*Ap = (A1) A(B2)) - --- ,Q(Bn))
1

eStep 4: Determine the priority of the least important criterion

*Aw) = (@w1) awz) - » Awn)) @
*Pairwise comparison scale number between 1-9.

eStep 5: Determine the most appropriate weights

emin &L
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« for wj> 0

eStep 6: Calculating the consistency ratio

* The consistency index is given in Table 1.
*Incompatibility Rate = L / Consistency Index ©))

Fig. 1. Steps of BWM method

Table 1. Values of consistency index

ABW 1 2 3 4 5 6 7 8 9
Consistency index |0,00 |044 1,00 |1,63 |23 |3,00 |3,73 |447 |523

3.2 MABAC Method

This method evaluates by considering the distances to the boundary proximity area. The
MABAC method has seven stages as seen in Fig. 2 [31-33].
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eStep 1. Creating the decision matrix
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eStep 2. Normalization of decision matrix (N)

*The normalized decision matrix is shown in Equation (6).
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o x;* is the maximum values; x;~ isthe minimum valuesin Equation (7-8).

eoStep 3. Weighting of decision matrix
’V(]=Wi'(”ij+1) ©)

Step 4. Creating the Boundary Proximity Field Matrix

* The border approximation area (BAA) for each criterion is determined by the following equation
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Step 5. Calculating the Distances (Q) of Decision Alternatives to the Boundary Proximity Area
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Step 6. Compute overall score of the alternatives using the following equation.

G*  if q;>0
4,606 if qy= 0 (14)
G~ if q;<0
Step 7. Rank the alternatives
o5 = Z?:l‘h, J=12,.,ni=12.,n (15)

Fig. 2. Steps of MABAC method
3.3 CODAS Method

CODAS (Combinative Distance-Based Assessment) is a current method recommended
by Ghorabaee et al. (2016). The performances of the alternatives are determined based
on their distance from the negative-ideal solution [34]. It is implemented by following
the steps below in Fig. 3 [35].
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eStep 1. Creating the decision matrix

* Decision matrix consisting of n alternatives and m criteria

X11 X132 7 X1m
X21 Xz - Xom

X = [xij]m.,l = : : . : 16
Xn1 Xn2 ... Xnm

* Where x;; (x;; = 0) indicates the performance value of ith alternative on jth criterion (i € {1.2, ... . n} and j
€{1.2,...,m})

eStep 2. Normalization of decision matrix

*Linear normalization of performance values is used as given by equation (17).

x,-,- .
maxxy J € Np ise,
°n;;= mingx;j jen,, W)
xij c ise,

*Where N, ve N, represents the sets of benefit and cost criteria, respectively.

eStep 3. Weighting of decision matrix

o1y = Wiy s
*Where w;(0 <w;<1 olmak sartiyla) denotes the weight of jth criterion and (Z;-';le =1).

Step 4. Determining the negative ideal solution

ns = [nsj]lxm 19)
ons; = minry;

Step 5. Calculating Euclidean and Taxicab distances
2
°E; = ‘Z?:l(rij—nsj) 20)

Ty = Z;'"=1|7"ij = nsjl (1)
Step 6. Constructthe relative assessment matrix (Ra)

*Ra = [hy)nxn (22)

ohy = (E; —Ep) + (VJ(Ei - E) x (T; — Tk))

swhere k €{1.2.....n }ve  denotes a threshold fuction to recognize the equality of the Euclidean

oP(x) ={1, eger |x| =10, eger |x| <t (23)

*Equation (23) In this function, 7 is the threshold parameter that can be set by the decision-maker. It is
suggested to set this parameter at a value between 0.01 and 0.05. If the difference between Euclidean
distances of two alternatives is less thant, these two alternatives are also compared by the Taxicab distance.
In this study, it is assumed that 7=0.02 for the calculations.

Step 7. Calculating the assessment score of each alternative

oH; =Yioy hu

Step 8. Rank the alternatives according to the decreasing values of assessment score (H)

*The alternative with the highest H is the best choice among the others.

Fig. 3. Steps of CODAS method
4 Digital Maturity Model in Healthcare Sector

In this section of the study, a new model proposal has been presented in order to deter-
mine the digital maturity levels of hospitals in the healthcare sector in the adaptation
stages to Industry 4.0. The created model aims to measure the digital maturity levels of
enterprises operating in the healthcare sector in the transition to Industry 4.0. Based on
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results, 6 main criteria and 19 sub-criteria were determined as leadership, strategy, tech-
nology, employees, management-organization and culture, budget, sector reports, and
expert opinions in the sector. After determining the order of importance of the criteria
determined in hospital digitalization with the BWM method, the hospitals were ranked
with the MABAC and CODAS method.

4.1 Suggested Criteria for the Digital Maturity Model

In Fig. 4, the proposed model and the criteria are explained in detail. While creating the
criteria, the studies in the literature in Table 2 were used.

Willingness of institution
—  mEnagers indigital —
implementation

B Digital management talent
B Leadership "_ and competence

—  Potential of risk taking

Roadmaps fora
— digitalization stratesy

— Strategy ’—— Quick response

Determining the
- lw\nprilhsg'lugy
development method

—  Dats management

— Technology ’~— Use of current techniology
=
=
- E —  Technology capacity
e E — HOSFITAL-1
g [,
§ E a __ Fmployee development and
g Technological HOSFITALZ
=] ogical competence
&) g B Employess ’__ of employess *
g ¥
| Seniorma ént HOSFITAL-3
support to employess
Cooperation between
[ department
__ Manezement support and
Mansgzement, —
" Orgamzaton, Culture
1 Digital visiow
Propensity with innovative
1 businesses
Investment in digital
education and training
| | Technological equipment
Budzet and 1nvestment butzet

Financial sustainability

Fig. 4. Recommended model diagram
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Table 2. Criteria reference table

285

Criteria
/References

Gill ve
VanBoskirk
(2016)

Akarun
vd.
(2020)

Kafa
(2021)

Ozcelik
vd.
(2018)

De
Bruin
vd.
(2005)

Demir ve
Kocaoglu
(2020)

This
study

Ataman
(2018)

Leadership

Willingness of
stitution
managers in
digital
implementation

Digital
management
talent and
competence

Potential of
risk taking

Strategy

Quick response

Roadmaps for a
digitalization
strategy

Determining
the appropriate
strategy
development
method

Technology

Data
management

Use of current
technology

Technology
capacity

Employees

Employee
development
and training

(continued)
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Table 2. (continued)

Criteria Gill ve Akarun | Kafa | Ozgelik | De Demir ve | Ataman | This
/References VanBoskirk | vd. (2021) | vd. Bruin | Kocaoglu | (2018) | study
(2016) (2020) (2018) | vd. (2020)
(2005)

Technological X
competence of
employees

Senior X
management
support to
employees

Management, |X X X X X X
Organization,
Culture

Cooperation X X
between
department

Management X X X
support and
planning

Digital vision | x

Propensity with X
mnovative
businesses

Budget X

Investment in X
digital
education and
training

Technological | x
equipment and
mvestment
budget

Financial X
sustainability

4.2 BWM Method Application

In determining the importance weights of the criteria, the following BWM method steps
were applied.
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1. Inorder to evaluate the Industry 4.0 maturity level, cooperation was made with three
decision makers who have a position in hospital managements who are experienced
in the sector.

2. Decision makers first determined the most important and least important criteria.

3. Pairwise comparison importance scale was used to evaluate the most important and
unimportant criteria according to all other criteria, respectively. According to the
scale evaluated from 1 to 9, it is accepted as 1: equally important and 9: absolutely
important.

4. After the pairwise comparisons of the most important and least important criteria,
the main criterion importance weights and sub-criterion local weights were found
using Excel Solver. Consistency rates were also determined. The reliability of the
method can be measured by the closeness of the consistency ratios to 0. Being close
to zero indicates the reliability of the method.

5. After the Local Weights were found, as the last step, the weights of the main criteria
in Table 4 and the local weights of the sub-criteria were multiplied, and as a result, the
global weights were determined in Table 5. Consistency rates are shown in Table 3.

Table 3. Consistency rates

Main criteria | Leadership | Strategy | Technology |Employees | Management, | Budget
organization,
culture

0,084 0,038 0,097 0,059 0,053 0,074 0,049

Table 4. Weights of criteria

Main criteria Weight

Leadership 0,085

Strategy 0,232

Technology 0,134

Employees 0,128

Management, Organization, Culture 0,328

Budget 0,092

According to the findings, it has been revealed that the most important criteria are
management, organization and culture criteria, followed by strategy and technology cri-
teria. The least important criterion is leadership. According to Table 5, the most important
criterion for the leadership criterion in digital maturity studies is digital management
ability and competence, and the least important criterion is the willingness of corpo-
rate managers in digital implementation. The most important criterion for the strategy
criterion is rapid response, and the least important criterion is the determination of the
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Table 5. Local and global weights of criteria

Main criteria Weights | Sub-criteria Local weights | Global weights
Leadership 0,085 Willingness of 0,219 0,019
mstitution managers in
digital implementation
Digital management 0,467 0,040
talent and competence
Potential of risk taking | 0,314 0,027
Strategy 0,232 Quick response 0,470 0,109
Roadmaps for a 0,311 0,072
digitalization strategy
Determining the 0,219 0,051
appropriate strategy
development method
Technology 0,134 Data management 0,120 0,016
Use of current 0,494 0,066
technology
Technology capacity 0,385 0,052
Employees 0,128 Employee development | 0,386 0,049
and training
Technological 0,269 0,034
competence of
employees
Senior management 0,344 0,044
support to employees
Management, 0,328 Cooperation between 0,287 0,094
Organization, Culture department
Management support 0,187 0,061
and planning
Digital vision 0,238 0,078
Propensity with 0,288 0,094
nnovative businesses
Budget 0,092 Investment in digital 0,534 0,049
education and training
Technological 0,332 0,031
equipment and
mvestment budget
Financial sustainability | 0,133 0,012
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appropriate strategy development method. The most important criterion for the technol-
ogy criterion is the use of current technology, while the least important criterion is data
management. While the most important criterion for the employees criterion is employee
development and training, the least important criterion is the technological competence
of the employees. The most important criterion for the management, organization, and
culture criteria is the cooperation between the units, and the least important criterion is
management support and planning. While the most important criterion for the budget
criterion is investment in digital education and training, the least important criterion is
financial sustainability.

4.3 Ranking of the Alternatives Using MABAC

In this section, the MABAC method has been applied to obtain the ranking of the digital
maturity performance of the hospitals. The steps of the MABAC method followed are
presented below.

Step 1: Create the Decision Matrix: In this context, the analysis of hospitals according
to digital maturity criteria was evaluated by experts on a scale of 0—100 points. All criteria
are considered in terms of maximization. The decision matrix obtained in this direction
is given in Table 6.

Step 2 Normalize the Decision Matrix: The normalized decision matrix is given in
Table 7.

Step 3 Compute the Weighted Normalized Decision Matrix: After the normalized
decision matrix was created, the criterion weights obtained by the BMW method were
used. The weighted normalized decision matrix is given in Table 8.

Step 4: The Border Approximation Area (BAA): In the next step of the method,
the border proximity area and the distances of the decision alternatives to the border
proximity area were determined and the matrices created are shown in Table 9, Table 10,
and Table 11, respectively.

Step 5 Calculate the Distance of the Alternative and Compute Overall Score: In
the last step, the distance values of the decision alternatives from the boundary prox-
imity field are used and the criterion functions of each decision alternative are calcu-
lated. Table 11 shows the ranking of the alternatives according to the MABAC method.
According to the table, the best alternative was determined as the first hospital.
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Table 11. Ordering results by the best alternative

Si Rank
Hospital-1 0,556 1
Hospital-2 —0,409
Hospital-3 0,040 2

4.4 Ranking of the Alternatives Using CODAS
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In this section, the CODAS method has been applied to obtain the ranking of the digital
maturity performance of the hospitals. The steps of the CODAS method followed are as
follows. Decision makers evaluated 3 hospitals on a 1-5 Likert scale, with 1 being the
least important and 5 being the most important according to the digital maturity criteria.
The numbers defined for the sub-criteria in the study are shown in Table 12.

Table 12. Numbers of sub-criteria

Criterion number

Criteria

K1 Willingness of istitution managers in digital implementation
K2 Digital management talent and competence

K3 Potential of risk taking

K4 Quick response

K5 Roadmaps for a digitalization strategy

K6 Determining the appropriate strategy development method
K7 Data management

K8 Use of current technology

K9 Technology capacity

K10 Employee development and training

K11 Technological competence of employees

K12 Senior management support to employees

K13 Cooperation between department

K14 Management support and planning

K15 Digital vision

K16 Propensity with mnovative businesses

K17 Investment in digital education and training

K18 Technological equipment and investment budget

K19 Financial sustainability
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Step 1: Create the Decision Matrix: The first step of the CODAS method is the creation

of the decision matrix given in Table 13. The decision matrix was created by taking the
arithmetic average of the scores given by the decision makers.

Table 13. The decision matrix of CODAS

Alternatives | Criteria

K1 [ K2 | K3 | K4 | KS | K6 | K7 | K8 | K9 | K10 | KIl | K12 | KI3 | K14 | K15 | K16 | K17 | K18 | K19

Hospital-1 50 |47 50 (43 |50 (50|47 |43 |50 |50 |40 |50 |43 |47 |47 |50 |50 [43 |43

Hospital-2 43 |40 (43 |40 (40 |43 37 |37 33|30 |33 |33 |37 |37 |37 (43 |40 |40 |40

Hospital-3 40 |43 (37 3,7 |40 (43 |47 |47 |47 |47 |37 |37 |40 |40 |47 |47 |43 [43 |40

Step 2: Compute the Normalized Decision Matrix: The decision matrix created while
ranking the alternatives is normalized. All of the sub-criteria are utility criteria, the
criteria values of the alternatives are divided by the highest criterion value in the column
they are in. The normalized decision matrix is given in Table 14.

Step 3—4: Compute the Weighted Normalized Decision Matrix and Determine
the Negative-Ideal Solution: After the normalized decision matrix was created, the
criterion weights obtained by the BMW method were used. The weighted normalized
decision matrix and the distances to the negative ideal solution are given in Table 15.

Step 5: Calculate the Euclidean and Taxicab Distances: The distances found for the
Euclidean and Taxicab distances are given in Table 16.

Step 6: Construct the Relative Assessment Matrix: The relative evaluation matrix and
the evaluation score of each hospital are shown in Table 17 T = 0.02 in the calculations.

Step 7-8: Calculate the Assessment Score of Each Alternative and Rank the Alter-
natives: According to the performance analysis, the hospital with the best performance
in digital maturity studies is 1-3-2, respectively. Evaluation scores and ranking are shown

in Table 18.
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Table 16. Euclidean and Taxicab distances

Ei Ti
Hospital-1 0,051 0,193
Hospital-2 0,012 0,022
Hospital-3 0,033 0,097

Table 17. Relative Assessment Matrix (Ra)

Alternatives | Hospital-1 | Hospital-2 | Hospital-3
Hospital-1 0,000 0,039 0,018
Hospital-2 —0,039 0,000 —0,021
Hospital-3 —0,018 0,021 0,000

Table 18. Evaluation scores and ranking

Hi Rank
Hospital-1 0,057 1
Hospital-2 —0,060
Hospital-3 0,003 2

Comparison of Results and Sensitivity Analysis
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As seen in Table 19, the rankings obtained from CODAS and MABAC methods support
each other when digital maturity performances are compared in hospitals.

Table 19. Comparative ranking results

CODAS MABAC
Hospital- 1 0,057 |1 0,556 |1
Hospital-2 | —0,060 —0,409
Hospital- 3 0,003 |2 0,040 |2

As the t parameter is generally accepted as 0.02 in the literature, the same value was

taken as the basis in the study [35, 36]. After the performance measurement, sensitivity
analysis was carried out to test the consistency of the application. In this context, in order
to investigate the effect of the change in the t parameter on the ranking, the application
was repeated using 14 different t values between 0.01 and 1.00, and the performance
rankings obtained with different T values are summarized in Fig. 5. As seen in Fig. 5, the
hospital digital maturity performance ranking did not change in different t parameters.
Consequently, Hospital 1 had the best performance regardless of t variation.



300 E. E. Nebati and B. Toprak

0.100
Effect of Tt on the rankings

0.050

0.000
& LT PP P YL
4

S}
-0.050~7° ~7 N
PR SR SR A AP S P S S oo e

-0.100

Hospital-1 ==@==Hospital-2 Hospital-3

Fig. 5. Effect of t change on ranking

5 Conclusions

Just as the development of technology has changed the life of humanity and the services
provided, it has also greatly affected the healthcare sector and has led to the transition to
new orders and methods. With the efforts and innovations to adapt to the new world order,
the steps taken in digitalization have gained momentum. The concept of digitalization
for institutions is a new concept that requires maturity. On the other hand, the concept of
digital maturity, which is a tool and roadmap used to measure, improve and compare it
with other competitors, is becoming a necessity brought about by digitalization process.
As a result of the detailed literature review, digitalization and digital maturity models,
which have gained popularity in recent years, are tried to be applied in many sectors. It
is emphasized that digitalization, which is seen as the foresight of the future, provides an
important opportunity for development and competition against competitors for many
sectors. With the integration of digitalization into companies, the effects of it on their
productivity and quality improvements are clear.

Another branch of digitalization in healthcare is the digitization of hospitals. In the
study, a digitalization roadmap and evaluation for three hospitals in Istanbul are pre-
sented. The aim of the roadmap is to enable hospitals to see their faults, to create a tool
where they can evaluate themselves, and to contribute to their progress and development
by participating in the digitalization process, which is indispensable for Industry 4.0.
In the developed model, whether the hospitals are ready for Industry 4.0 and digital-
ization was evaluated in terms of technology, management, budget, and personnel. The
importance weights of the criteria were determined by the BWM method, which is the
criterion weighting method. According to the BWM method, the order of the main crite-

2% <¢

ria, starting from the most important, was measured as “management”, “organization”,
“culture”, “strategy”, “technology”, “employees”, “leadership”, and “budget”.

When the sub-criteria are examined, the most important criterion in the leadership
sub-criterion is “digital management ability” and “competence”, the least important cri-
terion is the willingness of the corporate managers in digital implementation. In the
strategy sub-criteria, the most important criterion is quick response and the least impor-

tant criterion is the determination of the appropriate strategy development method. In
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the sub-criteria of technology, the most important criterion is the use of up to date tech-
nology, the least important criterion is data management. The most important criterion
in the employees’ sub-criteria is employee development and training, the least impor-
tant criterion is the technological competence of the employees. The most important
criterion in the management, organization, and culture sub-criteria is inter unit work,
the least important criterion is management support and planning. The most important
criterion in the budget sub-criteria is investment in digital education and training, the
least important criterion is financial sustainability. The criteria weights found were used
in the CODAS and MABAC methods. The ranking was made among the hospitals and
it was 1-3-2. Looking at the MABAC and CODAS rankings, it is seen that the hospital
rankings are the same and support each other. When the results of the sensitivity analysis
were examined in the last part of the application, it was seen that there was no change in
the ranking. The study is to present up to date analyzes in terms of the proposed model
and methodology. In addition, in today’s world where digitalization gains importance
day by day, it is of great importance to closely follow developments in the field of health-
care. It is thought that the study will contribute to both the sector and the literature by
eliminating the gap in the literature.

For future studies, at the stage of determining the weights of the criteria, it can be
examined how the weighting method changes the solution by comparing the hospital
rankings by finding the weights with different MCDM method. The methods used for
the study can be used to solve the other MCDM problem. The performance evaluation
problem can also be handled with the fuzzy approach and the study area can be expanded
by increasing the number of institutions for future studies.
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