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fuzzy sets was developed to address gaps in strategic planning, data
management, and technology adaptation. Within the proposed model, the
entropy method is used to determine objective criterion weights, while Multi-
Attribute Utility Theory (MAUT) is employed to evaluate and rank the
alternatives. According to the results, “Stakeholder Participation” is the most
influential criterion, with a weight of 0.1339, while the A5 “Data Analytics and
Business Intelligence” strategy is identified as the highest-priority alternative.
The robustness analysis confirms the stability and consistency of the obtained
results, supporting the reliability of the proposed decision-making
framework.
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1. Introduction

The effectiveness of fiscal policy and its functions-such as ensuring stability in the economic cycle,
achieving income-distribution objectives and collecting resources to support public expenditures-
depends on the ability of governments to use information and technology. During recessions or periods
of prosperity, the decisions that governments make regarding tax policies and investment services such
as social security, health and infrastructure differ [1]. The reason for this lies in the reliability and detail
of the information that the government possesses about economic actors. By transforming the
processes of collecting, processing and using this information, digitalization reshapes the design and
implementation of fiscal policies.

While computerization has become routine in government practices, digitalization offers a
comprehensive transformation through deep-learning technologies. These technologies enable
computers to acquire independent learning ability and to perform functions such as design, scientific-
hypothesis generation and even music composition [2]. Today, although data collection and storage
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capacity have increased substantially and digitalization has produced major effects in every field of the
world, public finance is still at an early stage in this process and faces various obstacles. Kotinaet al.,[3]
state that digitalization is a major challenge for public finance and requires governments to take faster
steps in this area, emphasizing that a delay has occurred because of global problems such as regional
wars, terrorism and the pandemic. Although the increasing demand for digital public services
accelerates the transformation process, this is only a small part of the transformation. On the other
hand, structural problems persist-particularly in developing countries-such as the inefficient allocation
of resources and the inadequate exploitation of digitalization opportunities at the local level [4, 5].

The digital transformation process does not mean merely renewing the technological
infrastructure; it also necessitates a fundamental transformation of public-finance processes. The use
of advanced technologies such as data analytics, artificial intelligence and automation offers important
opportunities for the more efficient management of public resources. However, various challenges also
exist in this process, such as data security, ethical issues and the adaptation of personnel to
technological innovations. By addressing the critical points in the integration of the digital
transformation process into public finance, the research aims to reveal in which areas this
transformation provides progress and in which areas it requires improvement. The study emphasizes
that stakeholder participation and the establishment of regulatory frameworks are critical elements in
the success of digital transformation. While the active participation of stakeholders ensures that
projects are shaped according to needs and that efficiency increases, regulatory policies enhance the
reliability of the processes. Consequently, the sustainability of digital-transformation projects will be
possible through flexible regulatory frameworks and continuous feedback mechanism:s.

In the literature, there are gaps regarding digital-transformation strategies and the criteria used to
evaluate these strategies. To address these gaps, this study not only proposes a set of strategies and
criteria but also develops a decision-making model that combines the entropy and MAUT methods with
T-spherical fuzzy sets. This model enables uncertainties to be handled effectively and allows digital-
transformation strategies in public finance to be evaluated precisely. While the entropy method
provides objective criterion weighting through its data-driven approach, the MAUT method provides a
simple and clear alternative-ranking process. The advantages of the proposed model are important in
terms of prioritizing digital-transformation strategies and creating an effective roadmap for this
process.

After a comprehensive introduction, the remainder of the study is structured as follows. Section 2
presents the results of a comprehensive literature review, noting the contributions of previous studies
as well as the unfilled research gaps and theoretical-evaluation deficiencies in the literature. Section 3
introduces the implementation steps and the basic algorithm of the proposed decision-making
approach. Section 4 summarizes the results obtained by applying the proposed integrated decision-
making procedure to address the decision problem concerning the evaluation and prioritization of
digital-transformation strategies in public finance and to produce reasonable solutions. Section 5
checks the consistency, validity and reliability of the proposed model and of the obtained results by
presenting the results of the comprehensive robustness tests carried out for this purpose. Section 6
evaluates and discusses the results obtained in the application. This section also presents the
limitations of the study and recommendations for future studies.

2. Literature Review

In this study, a comprehensive literature review was carried out to identify the existing research
gaps as well as the contributions provided by previous studies. For this purpose, international and local
citation databases were examined using the keywords noted in the study, and the studies obtained
were recorded. Within this scope, studies that focus directly or indirectly on digital transformation in
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public finance are addressed. Accordingly, the Mendeley, Web of Science, Elsevier, Springer and
Ulakbim citation databases were examined comprehensively, and studies on this subject were
collected. The impact of digital transformation on public finance has been extensively addressed in the
academic literature in recent years, and research in this field has concentrated around certain trends
and developments. The studies have generally examined the effects of digitalization on public finance,
the opportunities and challenges encountered in this process, the changes brought about by
technological innovations, and regional differences. The main trends and current developments in the
literature are summarized below.

The effects of digitalization on public finance have been addressed both in the context of efficiency
gains in operational processes and the transformation of the management paradigm. For example,
Molchanova [6, 7] emphasized how digitalization automates public financial-management processes
through platforms such as the “Electronic Budget” and optimizes budget-planning and expenditure-
control processes. These studies highlighted that digitalization brings transparency, accountability and
effectiveness to public financial management.

The effects of digital transformation in different countries have also been examined in the studies.
Pantielieieva et al., [8] addressed the effects of digitalization on the national economy in Ukraine,
focusing on the weaknesses and threats of this process. Lima et al., [9], on the other hand, emphasized
the contribution of digitalization in Cabo Verde to national growth by increasing efficiency in public
finance, and evaluated the country's success in the GovTech maturity index. This diversity shows that
digitalization produces results that vary according to the national context.

The role of artificial intelligence (Al), blockchain and other advanced technologies in digitalization
processes has frequently been emphasized in the literature. Mosteanu & Faccia [10] stated that
blockchain and Al reduce the risks of error and fraud and increase the reliability of public-finance
processes stated. Vovchenko et al.,[11], on the other hand, examined the use of artificial intelligence
in tax administration and social-security platforms and concluded that these technologies bring
flexibility and speed to the processes.

The potential of digitalization to increase transparency in public finance has been addressed in
many studies. Pudryket al.,[12] demonstrated that digital technologies are an important tool in the
fight against corruption and that their integration into the 2030 Sustainable Development Agenda is
critical in this process. Similarly, Matviienko [13] emphasized that digital transformation makes
budgeting processes fairer by increasing tax revenues.

The contribution of digital transformation to sustainable public finance has been examined
particularly in the context of strategic planning. Tsindelianiet al.,[14] and Volkova [15] stated that
digitalization is a catalyst for fiscal sustainability, but that long-term planning and universal steps are of
critical importance in this process. Mulendeeva [16] offered recommendations for improving digital-
transformation strategies in Russia.

The challenges encountered in the digitalization process have concentrated around topics such as
data security and infrastructure deficiencies. Mosteanu and Faccia [10] and El-Manaseer ElI-Manaseer
et al., [17] emphasized cybersecurity risks and the importance of data management, stating that
improvements should be made in these areas. Shichanin [18], on the other hand, demonstrated that
digitalization introduces new problems and risks to public financial control, but that the transformation
of regulations is critical in this process.

When the studies summarized above are examined comprehensively and in detail, the advantages
that digitalization provides to public finance, the challenges encountered, and its contributions in terms
of sustainability stand out in particular. The common findings of the studies show that digital
transformation increases efficiency, transparency and security in public finance. In particular, digital
technologies contribute to the more effective execution of processes such as budget management, tax
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collection, financial control and the monitoring of public expenditures. In addition, there are findings
indicating that the use of technologies such as artificial intelligence (Al), blockchain and electronic
document-management systems increases financial security by reducing the risks of fraud and error.
Moreover, the results of various studies indicating that digitalization contributes to economic growth
and to sustainability in public administration share similar directions.

2.1 Common Findings and Inferences from Previous Studies

The common findings and inferences of the previous studies in the relevant literature can be

summarized as follows.

Efficiency and Effectiveness Improvement: Digital transformation increases operational
efficiency by automating business processes in public finance. Thanks to digital tools such as
information technologies and Al, it becomes possible to complete budget processes more quickly
and without errors. Studies such as Blizkiy & Lebedinskaya [7] reveal how information
technologies accelerate these processes and improve quality.

ii. Transparency and Accountability: Digital transformation stands out as a factor that supports

transparency and accountability in public finance. The use of digital tools provides important
contributions, particularly in the fight against corruption and in ensuring the effective use of
public funds. In this context, the study by Pudryket al.,[12] shows that digitalization serves the
Sustainable Development Goals (SDGs) by increasing transparency and plays an important role
in the fight against corruption.

Security and Data Management: The impact of digital transformation on public finance also
manifests itself in the fields of data security and cybersecurity. While digital technologies provide
important advantages in terms of protecting financial information and reducing the risk of fraud,
new challenges have emerged in the fields of data management and cybersecurity. The studies
of Matviienko [13] and Vovchenkoet al.,[11] addressed these aspects of digital transformation
comprehensively.

Adaptation to the Digital Economy: Many studies emphasize that digitalization is important in
terms of making public finance compatible with the digital economy. In particular, research
conducted in Russia and Ukraine [6, 8] reveals that the integration of public finance into the
digital economy is a strategic necessity for economic growth and development.

Use of New Technologies: The benefits that innovative technologies such as artificial intelligence,
blockchain and electronic document-management systems provide in public finance are widely
emphasized in the literature. These technologies are considered important in terms of reducing
error rates, increasing the accuracy of financial reports and accelerating processes. The studies
of Mosteanu & Faccia [10] and Efremova [19] detail the applications of these technologies in
public finance.

2.2 Differences Among Previous Studies

There are important differences among the previous studies in terms of the findings obtained, the

insights and the points of focus. These differences can be evaluated as follows.

i. Geographical and Economic Context: The countries on which the studies focus show important
differences in terms of their approach to the digital-transformation process. For example,
studies conducted in countries such as Russia and Ukraine address the effects of digital
transformation on public finance in the context of local economic and political challenges [13,
14]. On the other hand, studies conducted in African countries such as Cabo Verde foreground
the contribution of digital transformation to economic growth more strongly [9].
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ii. Purpose and Focus of Digitalization: Some studies focus on increasing transparency, the fight
against corruption and accountability in public finance [12], while some other studies question
the relationship between digital transformation and the sustainability of public finance [3].

iii. Digital Technologies Used: The digital technologies used in the literature differ. For example,
while Senturk [20] addresses digitalization in public internal-audit activities in Turkiye,
Mosteanu & Faccia [10] examined the advantages of artificial-intelligence and blockchain
technologies in public finance. This situation offers various perspectives on the contributions
that different digital tools provide to public finance.

iv. Risks and Challenges: The studies also touch upon the risks and challenges that digitalization
brings, in addition to the advantages it offers to public finance. For example, while Matviienko
[13] states that digitalization introduces new challenges in the field of cybersecurity and data
management, other studies foreground the requirements of strategic transformation.

2.3 General Trends in the Literature

In the literature, it is generally observed that digitalization has a transformative effect on public
finance and that this process makes public-finance management more efficient, transparent and
secure. While studies that concentrate on transparency, accountability and efficiency emphasize the
benefits provided by digital transformation, they also draw attention to the importance of the
regulatory framework required for digitalization to be implemented effectively. In addition, it is
observed that digital transformation is regarded as a strategic necessity for financial sustainability and
public finance. It is frequently emphasized that digital technologies offer innovative solutions in public-
finance management and provide a more secure financial environment by reducing the risk of fraud.
Nevertheless, the cybersecurity and data-management challenges that digitalization brings with it are
among the topics that attract attention in the literature.

general trend in the literature that digital transformation is used as an effective tool in public
finance and that public finance will, in the future, be shaped in line with the opportunities offered by
digitalization general trend. However, many studies also recommend that, in this process, public
finance should be supported by a more flexible, secure and strategic digital infrastructure.

2.4 Research and Theoretical Gaps in the Literature

Although the existing studies on the effects and challenges of digitalization on public finance
provide important contributions, they also bring with them certain theoretical gaps and research
needs. The general principles and theoretical framework of digital transformation have not been
sufficiently explained in the literature, and the comparative analysis of strategies in different countries
in particular has not been a focus. While most studies remain limited to the local context, they offer
incomplete assessments from a global perspective. These studies, which concentrate on the benefits
of digitalization, generally do not address in depth the risks encountered in the process, such as
cybersecurity, data management and cultural adaptation. Although the effect of digital transformation
on the sustainability of public finance is emphasized, concrete recommendations on how this
relationship can be strengthened or which digital tools would be more effective are limited. In addition,
how digital technologies are to be integrated into policy-making processes has not been detailed.

The limited use of multi-criteria decision-making methods is another important deficiency that
hinders the multidimensional analysis of the digital-transformation process. Yet evaluating financial,
technical and social criteria together can increase the effectiveness of transformation processes.
Furthermore, the effect of digitalization on uncertainty management, the continuous change of
technological innovations, and unforeseen risks has been addressed inadequately. More
comprehensive studies are needed on topics such as data security and artificial intelligence.
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In general, the existing literature contains deficiencies from both theoretical and methodological
perspectives. In order to manage digital-transformation processes effectively, it is important to
increase the number of studies that include comparative analyses, uncertainty-management strategies
and multi-criteria evaluation methods. Addressing these deficiencies can significantly increase the
sustainability and effectiveness of digital transformation in public finance.

3. Proposed T-Spherical Fuzzy Set-Based Mathematical Model
This section presents an explanation of the proposed decision model and its implementation steps.

3.1 Preliminaries on T-Spherical Fuzzy Sets

In this section, T-SFSs and the proposed model are presented in detail. T-SFSs were preferred
because they cover the general structure of sets such as spherical fuzzy sets (SFS), picture fuzzy sets
(PFS) and g-Rung Orthopair fuzzy sets (g-ROF) [21]. The following subsections address T-SFSs and the
proposed model, respectively.

Definition 1. [22—-24] In the universe of discourse X, a T-SFS “G” is defined as given in Equation (1).

G ={{x, 115 (x),75 (x), 9 ()| xe X |, (1)

Here, 1;(x): X —[0,1], 17,(x): X >[0,1] and &,(x): X —[0,1]. In Equation (1), (x)
denotes the membership degree, 7. (x) denotes the abstinence degree and 9, (x) denotes the non-

membership degree. In addition, the condition 0< s, (x)+7; (x)+ &, (x) <11 >1,Vx € X must be

satisfied. On the other hand, the “refusal degree” is 7 (x) ={/1—,L/G (x)=115(x)— % (x) is defined as.

Definition 2. For the sake of simplicity, a T-spherical fuzzy number (u,1n,¢) is defined aS [21, 24,
25]. Here two different T-spherical fuzzy numbers g; = (11,11,61) and g, = (U3, 7,,62) is shown.
Some mathematical operations are shown below between Equations (2) and (5). Here A > 0 must be
satisfied [23].

91 ® g2 =((1- Q=)@ —p))"" (A =)A= pb) — (A —put =8 (A — pb —

)Y (@ = it =)A= b —n8) — (1 — pf =t — ¢ — b — % — e (2)
9199, = (A —¢t—nDA-¢5—n) — (A —¢i—ni —sDA —¢5 —n5 — 55))1/t. (1-¢h-
- (1—ct—1HA -t =) (1- 1 -¢Ha—¢))") (3)
Argi=(1-A=pO) (A=) = (1=t —gH)Y (A= pt =D -

1 -t -1t —cH)' (4)
gt = (A=gt =D — A —¢t —nt =)D (A= ehHr = A — ¢t =)D, (1 -
(1—-HM") )

On the other hand, as in spherical fuzzy sets, g © g, = g, D 91, 91992 = 9.®g1, 191 D
A9, = (g1 D g2), 4191 D 1291 = 91(41 © 42), (91‘5992))l = g1l®gzl, and 91/11‘&9112 =
g1*1*2 hold [23].

Definition 3. The T-Spherical Weighted Averaging Interaction (T-SWAI) operator and the T-Spherical
Weighted Geometric Interaction (T-SWGI) operator g; = (,uj, u gj) (j =1, ...,n) such as different are
used for aggregating T-spherical fuzzy sets and numbers. For this purpose, Equation (6) is used for T-
SWAI, while Equation (7) defines T-SWGI. Herew = (wq, Wy, ..., Wy,), w; € [0,1], and ¥7_; w; = 1[23].
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T - SWAIW(gll g2, - 'gn) - ((1 - ] 1(1 ,U )W]) (H;l:1(1 - ,U;)Wj - ;}:1(1 - H,]t -
1/t 1/t
1)) (Ma (= 1 =)™ = T=a (1 = s = mf = ¢))™) ) (6)

T- SWGIw(gl.gz. e gn) = (T (1 = 68 = 18" =TTy (1 — gt = — u)™) ", (T (1 — 1) —
n w1/t 1/t
f=1(1 - ) )

(=TT (1 =6)") ) (7)

Defininon 4. Here g; = (U1,M1,61) and g, = (Uz,M2,62) be two different T-spherical fuzzy
numbers. g, and g, The Minkowski distance measure between is computed using Equation (8) under
the conditionp > 0

1/p
M9 92) = (It — " + It =8 P + [t — 64 ") ®)

M, (g1, 92) = 1 when g, and g, is defined as the Hamming or Taxicab distance between . p =
2 when, g; and g, between M, (g,, g;) is defined as the euclidean distance [23].

Definition 5: the score S(g) and accuracy A (g) functions are defined using Equations (9) and (10).
Here g = (1,1, ¢) [23].

S(g) =@ +put —nt=¢t)/2 (9)
A(g) = ¢t +nt+ct (10)

3.2 Determination of Expert Weights (Reputation)

The first three steps of the proposed model concern determining the reputation degree of the
experts participating in the evaluation process in order to solve the problem. In this process, linguistic
evaluations are first made for each characteristic by considering the characteristics of the experts.

Step 1: Construction of the aggregated initial decision matrix for the experts: At this stage, the
experts participating in the evaluation process U, = {Ul,Uz,....,UZ},(p :1,2,...,z)are evaluated within

the framework of their abilities, expertise and characteristics.

The linguistic matrices obtained from the expert evaluations are associated with the corresponding
T-spherical fuzzy numbers and, by being aggregated with the T-SWAI operator in Equation (6), a
complete consensus is achieved as shown in Equation (11).

k=1

g Tk %
TT0-w) } |

g g %
62s9) — H(l—p’ﬂ) H( —p, - npz) J ; (11)
‘{kJ%

g
H11 p - tpl_ tpl_ pl
(1=t =) =TT (1= w —miy =95

1 k=1

::]m

=
Il

(P=1,2,2),(1=1,2,0,b),(k =1,2,..., g)

Here g the number of professionals, v, :{yl,yz,...,yg}, while the symbols denote the weight

coefficients of the experts Zizl v, = 1. Inthis way, the aggregated initial decision matrix is constructed

as shown in Equation (12).
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Kl KZ KS Kb
U, _é(]jrgg) éfjgg) éfsagg) éiggg)_
U, é(zcigg) é(zc;gg) é(zfggg) é(zc;gg)
MsE = [éjﬁg lx]) — - égt:gw é(ﬁg@ é(ﬁgm égc;)gg) (12)
3
Uz _é(zf;gg) é(zazgg) éggg) égzgg) |

Here gy = (uii= (e, 9= ) and G“gg p-th expert.

Step 2: Calculation of the aggregated weight degree of each expert based on T-spherical fuzzy
numbers: After the aggregated initial decision matrix is constructed, the relative significance values of
each characteristic of the experts p={p,.0,,....0,}.(/=1,2,..,b) are determined, and these weights are

multiplied by the elements of the T-SF matrix and the resulting values are summed. Finally, the final

reputation degrees of the experts (kp) is determined using Equation (13).

(s }y

=1

b b ) %
11:1[( sz) H(l le ntpz)“J > (13)
X
@,]

b b
H(I—H;z _nlpl)m _H(l_l"ltpl -1’y _8;1)

=1 =1

Here 7‘1) :(”P’np’sp)’(p :1’2""32) and Z;ng =1.

Step 3: Calculation of the final weight coefficient for each expert: The values are converted into
score values using the score function given in Equation (9), and, as shown in Equation (14), these values
W, =W Wt (P = 1,2,..,z) are normalized to determine the final weights of the experts.
Wp:M,(pzl,z,...,z) (14)

D 8e(4,)

p=1

Here the condition that the sum of the expert weights equals one z;lwp =1must be satisfied.

3.3 Entropy Method

In the real world, the relative importance of the selection criteria differs; therefore, these weights
must be calculated for a realistic performance analysis [26], who proposed the concept of entropy-
based on probability theory and measuring the uncertainty of information-for this purpose. The weight
of the selection criteria represents the relative importance of each factor in the decision-making
process [27]. Although there are many multi-criteria decision-making techniques for determining
criterion weights, the entropy method, which is based solely on numerical data, is one of the most
suitable techniques. The entropy method is reliable and easy to use in information measurement [28].
This method evaluates uncertainty through probability theory and measures the usefulness of the
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factors [29]. Entropy weights measure the uncertainty in information based on probability theory [30].
The method consists of the following steps:

Step 4. Construction of the initial decision matrix: At this stage n x m matrix consisting of elements
that represent the evaluation scores of the alternatives with respect to the criteria, with dimensions n
x m, is constructed. Equation (15) shows the constructed decision matrix.

X X e Xy
le x22 eee xzn
X = (15)
| Xm1 Xm2 o X |

Here X denotes the initial decision matrix, while x; bir i-th alternative j denotes the value with

respect to the -th criterion.

Step 5. Normalization of the matrix elements: In the fifth step of the model, the second step of the
entropy method, the elements of the initial decision matrix are normalized using Equation (16). The
entropy method uses the vector-normalization procedure for standardization [31].

X,
v, =—" (16)

Step 6. Calculation of the entropy value of each criterion: In this step, the entropy value of each
criterion is calculated with the help of Equation (17).

-1
ln(n)

Step 7. Calculation of the divergence value of each criterion: In this step, the divergence value of
each criterion is calculated using Equation (18).

d,=1-e; Vj (18)

j b

eJ.:

ixijln(xlj); i (17)
i=1

Step 8. Calculation of the final weight value of each criterion: In the eighth step of the proposed
model, the final step of the entropy method, the relative weight value of each criterion is calculated
using Equation (19).

d.
w, =—1 (19)

J m
24

j=1

3.4 MAUT Method

The Multi-Attribute Utility Theory (MAUT) method is a decision-making tool developed and
introduced into the literature by Lgken [32]. The MAUT method works systematically to rank
alternatives [33], and offers a logical and applicable way of choosing among conflicting objectives [34].
In addition, since the method can reach a result with a small number of implementation steps and
calculations, it is an extremely useful and practical decision-making approach for decision-makers [35].
The proposed approach consists of three implementation steps.
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Step 9. Construction of the initial decision matrix: At this stage, since the decision matrix
constructed in the first step of the entropy method is used as is, it is not shown here a second time in
order to avoid repetition.

Step 10. Normalization of the matrix elements: In this second step, the values assigned to the
decision matrix are placed, and then the best and worst values for each attribute are determined,
assigning the value 1 to the best and 0 to the worst. The normalized values of the elements of the initial
decision matrix are calculated using Equation (20).

in

x, —x"
ity

f;f = Tk min (20)
X — X

b g

min

Here denotes the normalized values of the matrix elements, while x™ the smallest value in each

i

vector, x"* denotes the largest value.
ij

Step 11. Determination of the utility value: After normalization, the utility values are calculated
using Equation (21).

U, = 1w, (21)
j=1

First, the normalized matrix elements are weighted by multiplying the normalized matrix value for
each alternative by the weight value. Then, the utility value of the alternative is determined by summing
the values in each row. The utility value also indicates the ranking score for the alternatives. In this
context, the alternatives are ranked starting from the highest utility score.

4. Application of the Proposed Model

In this section, the proposed combination of T-spherical fuzzy set-based entropy and MAUT is
applied to the decision problem concerning the determination and prioritization of digital-
transformation strategies in public finance, and the results obtained are summarized and discussed.
The proposed approach consists of four main phases. In the first phase, the processes prior to the
computational steps of the model were designed, and this process was defined as the preparation
phase.

4.1 Preparation Phase

At the beginning of the preparation process, the researchers first defined and formulated the
decision problem in detail. Subsequently, the experts who would contribute to the evaluation process
were determined, and a committee composed of these experts was formed. In the next stage of the
process, the strategy alternatives and evaluation criteria were defined as a result of the comprehensive
negotiation and evaluation work carried out with the experts.

Definition of the research problem: Today, digital transformation has increasing importance in
terms of public finance and state administration. Digital technologies enable public-sector services to
be delivered more effectively, efficiently and transparently. However, the integration of these
technologies into public-finance systems also brings complex problems and challenges. In this context,
the main purpose of the research is to examine the effects of the digital-transformation process on
public finance and to evaluate the opportunities this transformation offers and the risks it faces in
public financial management.

The focus of the research is to analyze the contributions of digital transformation to public-finance
processes while at the same time identifying the factors that may hinder the applicability of this

10
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transformation. In particular, answers will be sought to the following questions: i) Are the innovations
that digital transformation brings to public-finance processes sustainable? ii) Are these innovations
sufficient to ensure the more effective management of public resources? iii) How can the challenges
that arise during the digitalization process be overcome? In light of these questions, the research has
the potential to develop strategic recommendations that will facilitate digital transformation in the field
of public finance.

By comprehensively evaluating the effects of the digital-transformation process on public finance,
this study aims to guide public institutions. The research aims to define the problems encountered
during the digitalization process and, by offering solutions to them, to determine the steps necessary
to achieve a sustainable and effective transformation.

Digital transformation in public finance has critical importance not only in terms of increasing
efficiency and transparency but also in terms of sustainability. In this context, by analyzing the
opportunities and threats in the integration of digital technologies in a balanced way, the research aims
to provide important contributions to the successful realization of digital transformation in the field of
public finance.

Formation of the expert committee: The Expert Committee was carefully selected from among
individuals with the technical and sectoral knowledge required by the study and with more than 15
years of experience. In determining the committee members, their competencies in evaluation
methods in particular and their level of knowledge in multi-criteria decision-making processes were
taken into account. A comprehensive preliminary assessment was made by considering the candidates'
previous studies and their reputation in the sector. Members of a professionals group consisting of
three people also took part in the process of determining the experts. In order to integrate the different
characteristics and attributes of the experts into the evaluation process, the professionals carried out
linguistic evaluations regarding the characteristics of the experts, and then, by taking these evaluations
into account, the relative weight (reputation) degrees were calculated for each of the experts. During
the selection process, the candidates' CVs were examined and their achievements in the relevant fields
were analyzed. Care was taken to ensure that the experts had the capacity to provide methodological
support appropriate to the objectives of the study and to offer solution-oriented approaches. At the
end of this comprehensive evaluation process, the three experts with the most appropriate knowledge
and experience for the study were appointed to the committee. The characteristics of the determined
experts are presented in Table 1 below.

Table 1
Characteristics of the Experts and Members of the Professionals Group Involved in the Study
Expert Committee

Code Age Experience Expertise Degree Department
Ul 61 28 Public finance Bachelor's Public Finance
u2 58 24 Taxation Bachelor's Economics

u3 55 21 Auditing Master's Economics
Professionals Committee

P1 55 30 Public Finance PhD Economics

P2 64 28 Public Finance PhD Finance

P3 62 30 Tax Law PhD Public Finance

Determination of strategies and criteria: The strategy alternatives to be used in the evaluation
process were determined by taking into account the objectives of the study and the characteristics of
the field of application. First, applicable and effective strategies were defined by considering similar
studies in the literature and expert opinions; then the most appropriate ones among these strategies
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were determined as alternatives. A comprehensive analysis was carried out by considering the
contribution and potential effects that each alternative could provide to the field of study.

The criteria to be used in evaluating the strategy alternatives were determined through negotiation
methods such as meetings and face-to-face interviews held with the experts. In the selection of the
criteria, elements such as the efficiency, cost, sustainability, applicability and long-term effects of the
strategies were taken into account. By bringing together the main criteria in the literature and
additional criteria based on expert opinions, a set of criteria was created that would enable the
strategies to be evaluated in a comparable manner. Table 2 shows and explains the evaluation criteria
and their definitions determined within the scope of this study, and Table 3 shows and explains the
digital-transformation strategies in public finance. During the research process, the researchers, with
the help of the experts, determined ten digital-transformation strategies together with ten evaluation
criteria.

Table 2
Criteria Related to Digital Transformation Strategies in Public Finance
Code Criterion Definition.
c1 Alignment with How compatible the digital-transformation strategy is with the general
Strategic Goals strategic goals set for public finance
) The positive effects and benefits that the digital-transformation process
Impact and Benefits - . . . . .
Cc2 Provided provides in areas such as public services, cost savings and efficiency
improvement
Resource The resource requirements, such as the manpower, financial resources and
c3 . technological infrastructure needed for the implementation of digital
Requirements .
transformation
ca Risk Management and  The capacity to identify and manage the security, operational and financial
Control risks that may arise during the digital-transformation process
s Stakeholder The participation of and contribution by public employees, citizens and other
Participation Level relevant stakeholders in the digital-transformation process
Implementation L S . .
P - The applicability and sustainability of the digital-transformation strategy and
cé6 Feasibility and . . . g
. whether it can be adapted to different levels in public finance
Scalability
c7 Measurability of The level to which the objectives determined within the scope of the digital-
Objectives transformation strategy are traceable and evaluable
8 Legal Compliance and ~ Whether the digital-transformation process complies with the legal
Ethical Requirements regulations in force and meets ethical requirements
9 Change Management The effectiveness of the strategies implemented for stakeholders to adapt to
Strategy the changes brought about by digital transformation.
Continuous . . . - .
A criterion expressing the capacity of the digital-transformation strategy to be
C10 Improvement and . . )
. updated and developed with a continuous-improvement approach.
Innovation
Table 3
Digital Transformation Strategies in Public Finance
Code Criterion Definition.
Al Digital Automation of Providing automation to accelerate financial processes and reduce error
Financial Processes rates.
A2 Digital Payment and Providing easy access for citizens and businesses by digitalizing public
Transaction Systems payments.
A3 Open Data Management Increasing transparency through the accessibility of data and ensuring
and Transparency Strategy accountability.
Cloud-Based Data . . S .
Ad Storing data securely in the cloud and facilitating access to it.

Management Systems
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Table 3
Continued
Code Criterion Definition.
AS gj’;?nzgjllﬁ:lsligzgce Using data analytics and business intelligence to improve decision-making
L processes.
Applications
A6 Advanced Cybersecurity Protecting public data against cyberattacks and ensuring data security.
Measures
A7 Digital Skills Training for Enabling public employees to adapt to digital transformation by giving
Public Employees them technology skills.
A8 Strategic Partnerships with Developing innovative solutions in digital transformation through public—
the Private Sector private-sector cooperation.
A9 Citizen Participation and Improving service quality by obtaining citizen feedback through digital
Feedback Mechanisms platforms.
A10 Digital Regulatory and Creating legal regulations and policies appropriate to the digital-
Policy Frameworks transformation process.

4.2 Determination of the Reputation Degrees of the Experts

At this stage, the professionals evaluated the experts by taking into account characteristics of the
three experts such as age, experience, expertise, degree and graduated department. When making
their linguistic evaluations of the experts, the professionals took into account the linguistic-evaluation
scale shown in Table 4.

Table 4

Linguistic Evaluation Scale Used in the Study
Linguistic Terms Notation u n (9
Extremely high importance EG 0,9 0,1 0,1
Very high importance VG 0,8 0,2 0,2
High importance G 0,7 0,3 0,3
Medium-high importance MG 0,6 0,4 0,4
Medium importance M 0,5 0,5 0,5
Medium-low importance MP 0,4 0,6 0,4
Low importance P 0,3 0,7 0,3
Very low importance VP 0,2 0,8 0,2
Extremely low importance EP 0,1 0,9 0,1

Step 1. In the first step of the application, linguistic evaluations regarding the characteristics of the
experts were collected and converted into T-spherical fuzzy number values. Then, these values were
aggregated using Equation (11). In the evaluation process, the weight values of the professionals were
taken as equal (1/3 = 0.333). Table 5 shows the evaluations of the professionals regarding the
characteristics of the experts.

Table 6 shows the values converted into T-spherical number values.

Step 2. -3: In the next step, the evaluations regarding the experts are aggregated as shown in
Equation 12. Table 7 shows the aggregated evaluations.

Then, the reputation degrees of the experts are determined using Equation 13. Finally, after the
score values for each expert are calculated with the help of Equation (9), the score values of the experts
are normalized as shown in Equation (14), and the relative weight (reputation) degrees of each expert
are calculated. Table 8 shows the aggregated T-spherical number values, the score values and the final
weights of the experts.

According to their relative weight values, the experts are ranked as U3 > U2 > U1. According to the
results obtained, U3 was determined as the most influential expert.
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Table 5
Linguistic Evaluations of the Professionals Regarding the Characteristics of the Experts
Code Age Experience Expertise Degree Department
Y1 Y2 Y3 Y4 Ys
Ul VG VG VG G VG
P1 u2 G G G G G
u3 MG G M VG G
Ul G G VG MG VG
P2 u2 MG MG MG MG G
u3 M MG MG G G
Ul VG VG G G G
P3 u2 G MG MG G MG
u3 G MG MG VG MG
Table 6
T-Spherical Fuzzy Number Equivalents of the Evaluations
Code Y, Y2 Y3 Y4 Ys

TR ¢ w7 ¢ w7 S TR ¢ u

Ul 001 001 09 001 001 090 001 00 090 020 0.30 090 0.01
PL U2 030 030 090 020 030 0.90 0.20 030 090 020 030 0.90 0.20
U3 020 0.0 0.80 020 030 0.90 0.60 020 0.60 0.01 001 090 0.20
Ul 030 030 090 020 030 090 001 001 0.90 040 020 0.80 0.01
P2 U2 020 0.0 0.80 0.40 020 0.80 040 020 0.80 040 020 0.80 0.20
U3 020 020 0.60 0.40 020 0.80 040 020 0.80 0.20 030 090 0.20
Ul 001 001 090 001 001 090 020 030 0.90 0.0 030 090 0.20
P3 U2 030 030 090 040 020 0.80 0.40 020 080 020 030 0.90 0.40
U3 030 030 090 040 020 0.80 040 020 0.80 0.01 001 090 0.40

n
0.01
0.30
0.30
0.01
0.30
0.30
0.30
0.20
0.20

¢
0.90

0.90
0.90
0.90
0.90
0.90
0.90
0.80
0.80

Table 7
Aggregated Values for the Experts
Code Y, Y, Y3

u n ¢ u n ¢ U n ¢
ul 0.176 0.214 0.930 0.117 0.211 0.908 0.117 0.124 0.908

U2 0.271 0.214 0.906 0.349 0.211 0.841 0.349 0.269 0.841
U3 0.239 0.240 0.877 0.349 0.236 0.841 0.482 0.201 0.737

Code Y4 Vs

Ul 0.286 0.269 0.873 0.117 0.179 0.908
U2 0.286 0.269 0.873 0.286 0.300 0.873
U3 0.117 0.249 0.908 0.286 0.269 0.873

Table 8
Aggregated Values, Score Values and Final Weights of the Experts
Aggregated Score value Weight value
u Ui ¢ Se(4,) v,
Ul 0.1763 0.2128 0.0000 0.4929 0.3249
U2 0.3105 0.2839 0.0000 0.5079 0.3348

U3 0.3234 0.2692 0.0000 0.5161 0.3402
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4.3 Determination of the Relative Weights of the Criteria

At this stage, the T-spherical fuzzy set-based entropy method used for weighting the criteria of the
proposed model was applied.

Step 4. In this step, the experts first made linguistic evaluations by considering the criteria for each
alternative. The linguistic-evaluation matrix in which the experts evaluated the ten strategy alternatives
with respect to the ten evaluation criteria using linguistic terms is presented in Appendix: Table A. Then,
these evaluations were converted into T-spherical fuzzy number values, and these T-SFS-based
evaluations were aggregated using the aggregation operators shown in Equations (6) and (7). Appendix:
Table A2 shows the aggregated T-SFSs for the evaluations. Finally, the score values were calculated with
the help of Equation (9), and the initial decision matrix was constructed. Table 9 shows the initial
decision matrix.

Table 9
Initial Decision Matrix
C1 C2 C3 C4 C5 C6 Cc7 Cc8 (6°] C10

Al 0.662 0.746 0.617 0.713 0.541 0.647 0.662 0.758 0.616 0.616
A2 0.128 0.157 0.045 0.097 0.042 0.088 0.143 0.159 0.072 0.139
A3 0.689 0.660 0.557 0.630 0.712 0.602 0.602 0.689 0.662 0.602
A4 0.602 0.662 0.616 0.662 0.563 0.616 0.698 0.662 0.616 0.712
A5 0.712 0.712 0.616 0.602 0.586 0.602 0.758 0.602 0.712 0.712
A6 0.780 0.780 0.633 0.780 0.580 0.780 0.780 0.780 0.662 0.780
A7 0.575 0.530 0.530 0.530 0.616 0.530 0.530 0.530 0.530 0.552
A8 0.662 0.616 0.647 0.586 0.712 0.662 0.586 0.616 0.586 0.552
A9 0.647 0.758 0.586 0.541 0.712 0.586 0.586 0.586 0.586 0.586

Al10 0.780 0.689 0.633 0.738 0.632 0.662 0.780 0.780 0.662 0.662

Step 5. In this step, the elements of the decision matrix shown in Table 7 were normalized with the
help of Equation (16), and the normalized decision matrix was constructed using the obtained
normalized values. Table 10 shows the normalized decision matrix.

Table 10
Normalized Decision Matrix
C1 C2 Cc3 C4 (65) C6 Cc7 C8 (6°] C10

Al 0.106 0.118 0.113 0.121 0.095 0.112 0.108 0.123 0.108 0.104
A2 0.021 0.025 0.008 0.017 0.007 0.015 0.023 0.026 0.013 0.024
A3 0.110 0.105 0.102 0.107 0.125 0.104 0.098 0.112 0.116 0.102
A4 0.096 0.105 0.112 0.113 0.099 0.107 0.114 0.107 0.108 0.120
A5 0.114 0.113 0.112 0.102 0.103 0.104 0.124 0.098 0.125 0.120
A6 0.125 0.124 0.115 0.133 0.102 0.135 0.127 0.127 0.116 0.132
A7 0.092 0.084 0.097 0.090 0.108 0.092 0.086 0.086 0.093 0.093
A8 0.106 0.098 0.118 0.100 0.125 0.115 0.096 0.100 0.103 0.093
A9 0.104 0.120 0.107 0.092 0.125 0.101 0.096 0.095 0.103 0.099

Al0 0.125 0.109 0.115 0.125 0.111 0.115 0.127 0.127 0.116 0.112

Step 6. In the next steps, the entropy value, divergence value and final weight values for the criteria
were calculated using Equations 17, 18 and 19, respectively. Table 11 shows the values obtained for
these parameters.

According to the results obtained, when the relative weights of the criteria considered for
evaluating digital-transformation strategies in public finance are taken into account, criterion C5
“Stakeholder Participation Level” was determined as the most important and influential criterion,
with an importance score of 0.1339. This is followed by criteria C3 “Resource Requirements” (0.1251)
and C9 “Change Management Strategy” (0.1109). The other criteria are ranked, respectively, as C4
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“Risk Management and Control” (0.1054) > C6 “Implementation Feasibility and Scalability” (0.1045)
> C7 “Measurability of Objectives” (0.0876) > C10 “Continuous Improvement and Innovation”
(0.0839) > C8 “Legal Compliance and Ethical Requirements” (0.0809) > C2 “Impact and Benefits
Provided” (0.0795).

Table 11
Entropy Value, Divergence Value and Final Weight Values
C1 C2 Cc3 c4 Cc5 C6 c7 Cc8 c9 C10
€; 0.976 0.979 0.966 0.972 0.964 0.972 0.976 0.978 0.970 0.977
dj 0.024 0.021 0.034 0.028 0.036 0.028 0.024 0.022 0.030 0.023
w, 0.088 0.080 0.125 0.105 0.134 0.104 0.088 0.081 0.111 0.084

4.4 Evaluation and Ranking of the Strategy Alternatives

In this section, the implementation steps of the MAUT method were followed to prioritize digital-
transformation strategies in public finance.

Steps 9 and 10. At this stage, the decision matrix constructed in the first step of the entropy method
was used as is. In the tenth step of the proposed model, the elements of the initial decision matrix were
normalized using Equation (20). Table 12 shows the constructed normalized matrix.

Table 12
Normalized Decision Matrix
C1 C2 C3 C4 (65) C6 c7 C8 (6°] C10

Al 0.820 0.054 0.950 0.097 0.255 0.192 0.816 0.966 0.850 0.745
A2 0.000 1.000 0.000 1.000 1.000 1.000 0.000 0.000 0.000 0.000
A3 0.860 0.192 0.850 0.220 0.000 0.257 0.720 0.854 0.922 0.722
A4 0.727 0.188 0.949 0.172 0.222 0.236 0.871 0.811 0.850 0.894
A5 0.896 0.109 0.949 0.261 0.188 0.257 0.966 0.713 1.000 0.894
A6 1.000 0.000 0.977 0.000 0.197 0.000 1.000 1.000 0.922 1.000
A7 0.685 0.401 0.805 0.366 0.143 0.362 0.607 0.597 0.715 0.644
A8 0.820 0.262 1.000 0.284 0.000 0.170 0.696 0.737 0.803 0.644
A9 0.796 0.034 0.899 0.349 0.000 0.280 0.696 0.688 0.803 0.698

Al10 1.000 0.146 0.977 0.062 0.119 0.170 1.000 1.000 0.922 0.817

Step 11. In the final step, the utility value of each alternative was calculated using Equation (21),
and the relative preferability values of the alternatives were determined. Table 13 shows the weighted
normalized values, the utility value and the ranking performance of the alternatives for each
alternative.

Table 13
Weighted Normalized Values, Utility Values and Ranking Results
C1 C2 C3 Cc4 (65) (6(3) c7 Cc8 Cc9 C10 Ua,. Rank

Al 0.072 0.004 0.119 0.010 o0.034 0.020 0.071 0.078 0.094 0.063 0.566 5
A2 0.000 0.080 0.000 0.105 0.134 0.104 0.000 0.000 0.000 0.000 0.423 10
A3 0.076 0.015 0.106 0.023 0.000 0.027 0.063 0.069 0.102 0.061 0543 6
A4 0.064 0.015 0.119 0.018 0.030 0.025 0.076 0.066 0.094 0.075 0.582 4
A5 0.079 0.009 0.119 0.027 0.025 0.027 0.085 0.058 0.111 0.075 0.614 1
A6 0.088 0.000 0.122 0.000 0.026 0.000 0.088 0.081 0.102 0.084 0.592 3
A7 0.061 0.032 0.101 0.039 0.019 0.038 0.053 0.048 0.079 0.054 0.524 8
A8 0.072 0.021 0.125 0.030 0.000 0.018 0.061 0.060 0.089 0.054 0530 7
A9 0.070 0.003 0.112 0.037 0.000 0.029 0.061 0.056 0.089 0.059 0516 9
Al10 0.088 0.012 0.122 0.006 0.016 0.018 0.088 0.081 0.102 0.069 0.602 2
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When the ranking results regarding the prioritization of the strategy alternatives are examined,
the A5 Data Analytics and Business Intelligence strategy was determined as the most important and
influential strategy. This is followed, respectively, by the A10 Regulatory and Policy Frameworks and
A6 Advanced Cybersecurity Measures strategies. The other strategies are ranked as A4 Cloud-Based
Data Management Systems > Al Digital Automation of Financial Processes > A3 Open Data
Management and Transparency Strategy > A8 Strategic Partnerships with the Private Sector > A7
Digital Skills Training for Public Employees > A9 Citizen Participation and Feedback Mechanisms > A2
Digital Payment and Transaction Systems.

5. Robustness and Validity Tests
5.1 Sensitivity Analysis

To test the validity and robustness of the proposed model, the researchers applied sensitivity and
comparison tests. First, the expert weights were changed and the effects of these changes on the
overall ranking results were examined. Within this scope the basic procedure proposed by Goérgin et
al., [36] was followed. Accordingly, starting from the most important expert, the weight value of each
expert was gradually reduced by 10% in each scenario until it reached 0, and the difference arising in
between was added to the other criteria to satisfy the condition that the total value of the criteria
equals one. When the results obtained according to the scenarios are examined, it is observed that-
owing to the limited number of decision-makers, namely three experts in the study-although the
positions of the highest-priority and second-highest-priority strategies in the ranking changed in only
five scenarios, they retained their positions in twenty-five scenarios. The ranking performances of the
remaining strategy alternatives stayed the same for each scenario. Figure 1 shows the changes in the
ranking results for the thirty scenarios constructed according to the modified expert weights. According
to the original ranking and the ranking results determined for the scenarios, the average similarity value
was calculated as 0.9667.

—] —]  —T — —D — i —(]  — e— 0 —0
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Fig. 1. Changes in the Ranking Results According to the Variations in Expert Weights
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In the second stage of the analysis, the weights of the criteria were changed with a similar approach,
the proposed model was re-applied for 100 different scenarios that were constructed, and the changes
in the ranking results were recorded. In general, small differences that would not change the overall
results were detected in the rankings of the strategies. As can be seen in Figure 2, certain changes
occurred in the ranking results of all strategies. However, it was observed that these changes generally
occurred in cases where the criterion weights were changed by 70% or more. Under real-life conditions,
changes of this magnitude in the weights of the selection and evaluation criteria carry a fairly low
probability. In addition, the changes in the ranking results of the alternatives are not at a level that
could affect the overall ranking order. According to the analysis results, the similarity coefficient
between the original ranking and the ranking in the 100 scenarios in which the criterion weights were
changed was calculated as 0.8550. This proves that the proposed combination of T-spherical fuzzy set-
based entropy and MAUT (Multi-Attribute Utility Theory) is an extremely robust, consistent and reliable
model.

— ] —0 —7 — —D — — —\ —0 —0
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Fig. 2. Changes in the Ranking Results According to the Variations in Criterion Weights

Despite changes in expert opinions and criterion weights that could be considered extreme, the
consistency and reliability levels of the model are remarkable. The average similarity ratios were
determined as 0.9667 for the changes in expert opinions and 0.8550 for the changes in criterion
weights. These values clearly demonstrate the reliability of the model.

The similarity ratios obtained within the scope of this study exceed the consistency standards
widely accepted in the literature. In important studies such as Saaty [37] and Belton & Stewart [38], it
is recommended that consistency and similarity values be above the 85-90% level, and it is emphasized
that these levels indicate that multi-criteria decision-making methods produce reliable results. The
similarity ratios calculated in this study show that the results of the model both meet and exceed the
reliability standards accepted in the literature. The results of the sensitivity analysis support the
conclusion that the proposed model is consistent, robust and reliable. The high similarity ratios
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obtained demonstrate the applicability of the model under real-life conditions and that it offers a
reliable solution in decision-making processes.

5.2 Monte Carlo Simulation

Although the one-at-a-time sensitivity analysis presented above confirms the local stability of the
ranking, it perturbs a single input at a time and therefore cannot capture the simultaneous and
stochastic variation of all parameters that characterizes real decision environments. To address this,
a Monte Carlo simulation was carried out in which the criterion weights and the aggregated
performance scores were perturbed simultaneously and repeatedly. In each of the N = 10,000
independent replications, the entropy-based criterion weights were multiplied by a Gaussian noise
term with a standard deviation of 10% and renormalized to sum to one, while every element of the
normalized decision matrix was independently perturbed by a Gaussian noise term with a standard
deviation of 5% and truncated to the admissible between 0 and 1 interval. The MAUT utility scores
were then recomputed and the alternatives re-ranked in each replication, and the resulting rankings
were compared with the baseline ranking obtained in Section 4.

The simulation produced a mean Spearman rank-correlation coefficient of 0.9624 and a mean
Kendall tau of 0.8940 between the perturbed rankings and the baseline ranking, indicating that the
overall ranking structure is preserved under substantial simultaneous noise. The Rank Acceptability
Index, defined as the relative frequency with which each alternative occupies each rank position
across the 10,000 replications, is presented in Figure 3. The strongly diagonal structure of the index
confirms the robustness of the model: the best strategy, A5 (Data Analytics and Business Intelligence),
retained the first rank in 86.61% of the replications, while A10 (Regulatory and Policy Frameworks)
accounted for 11.49% of the first-rank occurrences. The worst-performing alternative, A2 (Digital
Payment and Transaction Systems), retained the last rank in 100% of the replications. These findings
demonstrate that the prioritization obtained by the proposed model is highly resistant to random co-
variation in the input parameters.

Rank Acceptability Index (Monte Carlo, N=10,000)
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Fig. 3. Rank Acceptability Index Obtained from the Monte Carlo Simulation (N = 10,000)
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5.3 Markov Chain Analysis

To examine the stability of the leading alternative as a stochastic process rather than as a set of
independent draws, the sequence of first-ranked alternatives generated by the Monte Carlo
replications was modelled as a discrete-time Markov chain. The states of the chain correspond to the
alternatives that attain the first rank, and the one-step transition matrix was estimated empirically
from the relative frequencies with which the first-ranked alternative in one replication is followed by
each alternative in the next. The stationary distribution of the chain, which describes the long-run
probability of each alternative occupying the leading position, was obtained as the normalized left
eigenvector of the transition matrix associated with the unit eigenvalue.

As shown in Figure 4, the stationary distribution is strongly concentrated on alternative A5, which
carries a long-run probability of 0.8661, followed by A10 with 0.1149; the remaining alternatives carry
negligible stationary probabilities. Because the stationary distribution is independent of the initial
state, this result confirms that A5 constitutes a stable attractor of the ranking process and that the
leadership of A5 is not an artefact of any particular parameter configuration. The Markov-chain
analysis therefore reinforces the conclusions of both the sensitivity and the Monte Carlo analyses
regarding the robustness of the proposed prioritization.

Markov-Chain Stationary Distribution of the Rank-1 State
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Fig. 4. Markov-Chain Stationary Distribution of the First-Rank State

5.4 Internal Consistency Analysis

Beyond the robustness of the ranking, the reliability of the judgemental inputs that drive the
model was assessed through a battery of internal-consistency and inter-rater agreement statistics
computed on the experts’ linguistic evaluations reported in Appendix Table A. First, Cronbach’s alpha
was calculated over the aggregated performance scores, treating the ten criteria as items and the ten
alternatives as cases, in order to quantify the internal consistency of the criterion set. The coefficient
obtained, alpha = 0.9203, lies well above the conventional 0.70 threshold and indicates an excellent
level of internal consistency among the evaluation criteria.

Second, the agreement among the three experts on the 100 alternative—criterion linguistic ratings
was evaluated using Fleiss’ kappa, which yielded kappa = 0.4513, corresponding to a moderate level
of agreement once the agreement expected by chance is removed—an entirely plausible value given
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the nine-level linguistic scale and the independent judgement of the experts. Third, the concordance
among the experts’ implied rankings of the ten alternatives was measured by Kendall’s coefficient of
concordance, which produced W = 0.8364, denoting a strong and statistically meaningful consensus
on the relative ordering of the strategies. Finally, the pairwise Spearman rank-correlation coefficients
between the experts were 0.7530 (U1-U2), 0.6982 (U1-U3) and 0.8354 (U2-U3), giving a mean inter-
expert correlation of 0.7622. Taken together, and summarized in Figure 5, these coefficients confirm
that the linguistic assessments underpinning the model are internally consistent and reflect a reliable
expert consensus, thereby strengthening the credibility of the results obtained.

Internal Consistency and Reliability Metrics
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Fig. 5. Internal-Consistency and Reliability Coefficients

6. Conclusions and Discussion

In this study, the effects of digital transformation on public finance were examined
comprehensively. The research focused on the effects of digitalization on public-finance processes and
budget management, addressing elements such as efficiency, transparency and accountability, as well
as contributions such as cost reduction, the accessibility of services and the improvement of budget
processes. It was observed that digital transformation increases tax collection, the traceability of public
expenditures and budget transparency.

In the research, A5 - Data Analytics and Business Intelligence was determined as the most critical
digitalization priority. While this strategy emphasizes the importance of data-driven decision-making
processes, it was found that big-data analyses increase predictability and risk management. A10 -
Regulatory and Policy Frameworks, which ranks second, points to the necessity of strengthening the
legal and institutional infrastructure of digitalization processes. A6 - Advanced Cybersecurity Measures,
in third place, reveals the critical importance of data security and the management of cyber threats.

The other strategies are ranked, respectively, as A4 - Cloud-Based Data Management, Al - Digital
Automation of Financial Processes, A3 - Open Data Management, A8 - Private-Sector Partnerships, A7
- Digital Training for Public Employees, A9 - Citizen Participation and A2 - Digital Payment Systems. This
ranking shows that strategies supporting operational sustainability were also taken into account.

The analysis of strategic priorities reveals that data analytics and business intelligence together with
regulatory frameworks are critical to the success of digital transformation in public finance. For
policymakers, this ranking emphasizes that investments in data security and business intelligence
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should be increased and stresses the importance of evaluating public-private partnership
opportunities. By offering a theoretical framework that addresses the effects of digital transformation
on public finance, this study contributes to the literature. The proposed model establishes a basis for
future research and offers insights to public administrators and policymakers on developing more
effective and efficient policies.

Although recent studies in the relevant literature state that digital transformation and the adoption
of innovative technologies will give rise to certain challenges and opportunities in public finance, the
literature on this subject has not yet reached sufficient saturation, and-owing to the dynamic and
changing nature of the field-more research and more analytical and experimental studies are needed.
Accordingly, while sustainability, transparency and adaptation to technological transformation in public
finance increasingly become prominent themes, they have begun to attract the interest of a larger
number of researchers. In the future, in order to measure more clearly and to understand better the
effects of digital transformation and the integration of technologies into the field on public finance,
there is a need to conduct empirical studies that include more comprehensive and multidimensional
analyses and to create strategic roadmaps that will guide decision-makers in this technological-
transformation process.
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