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Abstract: As digital technologies continue to reshape economic landscapes, the comprehensive
evaluation of digital economy (DE) development in provincial regions becomes a critical endeavor.
This article proposes a novel approach, integrating the linear programming method, fuzzy logic, and
the alternative ranking order method accounting for two-step normalization (AROMAN), to assess
the multifaceted facets of DE growth. The primary contribution of the AROMAN is the coupling
of vector and linear normalization techniques in order to produce accurate data structures that
are subsequently utilized in calculations. The proposed methodology accommodates the inherent
uncertainties and complexities associated with the evaluation process, offering a robust framework
for decision-makers. The linear programming aspect optimizes the weightings assigned to different
evaluation criteria, ensuring a dynamic and context-specific assessment. By incorporating fuzzy logic,
the model captures the vagueness and imprecision inherent in qualitative assessments, providing
a more realistic representation of the DE’s multifaceted nature. The AROMAN further refines the
ranking process, considering the interdependencies among the criteria and enhancing the accuracy
of the evaluation. In order to ascertain the efficacy of the suggested methodology, a case study is
undertaken pertaining to provincial areas, showcasing its implementation in the evaluation and a
comparison of DE progress in various geographical settings. The outcomes illustrate the capacity of
the model to produce perceptive and implementable insights for policymakers, thereby enabling them
to make well-informed decisions and implement focused interventions that promote the expansion
of the DE. Moreover, managerial implications, theoretical limitations, and a comparative analysis are
also given of the proposed method.

Keywords: digital economy; linear programming; fuzzy logic; multi-criteria decision-making; AROMAN
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1. Introduction

A critical juncture in economic development has been reached with the evolution
and pervasive adoption of cutting-edge digital innovations, including but not limited to
artificial intelligence, cloud computing, blockchain, and virtual reality. The emergence
of this paradigm shift in the economy is widely acknowledged as the DE [1]. The DE
sets itself apart from traditional industrial models by virtue of its cleanliness, efficiency,
environmental tolerance, and recyclability. The fundamental nature of the DE represents a
radical shift away from the conventional industrial paradigm, encapsulating a progressive
strategy for worldwide economic progress. Its ability to effectively navigate and prosper
in the aftermath of unanticipated obstacles, such as the prolonged COVID-19 pandemic,
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is especially remarkable [2]. Amidst the persistent disruptions of our time, the DE stands
out as a symbol of adaptability and resilience, guiding economic advancement toward a
sustainable and dynamic future [3].

The DE has successfully eliminated obstacles that previously impeded in-person
interactions, thereby guaranteeing smooth economic transactions both within countries and
across borders. Its contributions have been crucial in guiding society through significant
public health emergencies and influencing the course of the era following the epidemic [4].
The DE is driven by emergent technologies and governed by innovative development
paradigms; its operation is contingent on the integration of information networks and
platforms [5]. This methodology promotes the ongoing transformation of elements and
assets, shifting its attention toward sustainable and high-quality progress, a fundamental
pillar in the establishment of a modern economic structure. This profound expedition
exposes participants to unprecedented perils and prospects [6]. Under the guidance of
innovative development concepts, the DE continues to expand its reach and integrate more
closely with economic and social sectors. The aforementioned synergy serves as a catalyst
for a sequence of digital transformations, which introduce novel models, fresh technologies,
and innovative industry attributes into society, industry, and business [7]. As a result, this
dynamic process promotes a model of sustainable economic development that is propelled
by innovation. Moreover, in addition to reshaping industrial and economic structures,
the DE ushers in a new era of technological transformation, which generates favorable
responses from the technology sector. The wide-ranging consequences of this profound
impact extend to businesses, the general public, and governments in numerous countries,
instigating a paradigm shift among numerous stakeholders [8]. The continuous process of
restructuring and innovation transcends economic domains and permeates societal and
industrial sectors as well. This creates an environment in which technological innovations
serve as catalysts for sustainable progress [9].

The foundation of the DE is an ongoing cycle of information and communication
technology (ICT) advancements and innovations. The inventive digital environment not
only impacts conventional economic elements like the demographic dividend, market
dynamics, wages, and foreign investments but also functions as a valuable repository of
information and data that are vital for industrial progress and economic growth. The pro-
ductivity recovery that has been propelled by the development and implementation of
information and communication technologies is exemplified by the United States [10].
Oliner and Dale W, among other scholars, have quantified the undeniable contribution
of ICT to economic expansion in the United States. In the same way, Abdul’s research
underscores the substantial influence that information and communication technology has
had on India’s economic expansion. This highlights the critical significance of ICT in facili-
tating the economic advancement of both developed and developing countries. One aspect
to consider is that the continuous advancements and innovations in digital technology
give rise to a multitude of nascent industries [11]. This suggests that heightened efficiency
in innovation processes expedites the formation of fresh sectors. Conversely, the rapid
cross-border integration of digital technology across various industries is facilitated by its
integration and iteration with conventional counterparts. This exemplifies the remarkable
permeability of digital technology. These two aspects operate in tandem to offer countries
and societies innovative technologies, markets, and labor forces, thus instigating significant
social transformations and technological advancements. This process of transformation
yields economic and social development of superior quality [12].

Concurrently, the digital age emerges as a formidable new factor of production, up-
heaving conventional production patterns due to the exponential growth of digital infor-
mation. Significant changes in the position of elements occur as a result of this shift in
production factors; new factors are integrated, the diffusion of knowledge and technology
is accelerated, resource allocation is optimized, and the development of green, clean, and in-
telligent industrial chains is expedited. This irreversible reshaping of the global industry
value chain is a result of the DE’s spurious economic expansion [13]. The progressive
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integration of information elements, technological innovation, and the overall expansion of
the DE all contribute to the increasing share of output value associated with the DE in the
economies of all countries. The increasing impact of this phenomenon serves to further
sustain economic expansion, solidifying the position of the DE as an irreversible catalyst in
influencing the course of worldwide economic progress [14].

Amidst the present global environment, countries across the globe are actively in-
volved in investigating a variety of frameworks to facilitate the growth of the DE. The objec-
tive is to capitalize on the prospects offered by the DE-driven new economic revolution in
order to establish a dominant position in the trajectory of global economic progress. The in-
troduction of the DE has brought about a significant shift in the competitive environment
between countries, serving as a crucial catalyst for economic advancement. A comprehen-
sive and empirical evaluation of the current stage of development of the DE is therefore
essential. This evaluation achieves the goal of precisely comprehending the intricacies of
the dynamic competition environment among nations [15]. Furthermore, it establishes a
fundamental basis for discerning the merits and demerits linked to the promotion of the DE.
Consequently, this enables the creation of pragmatic and focused suggestions designed to
guarantee the ongoing and expeditious growth of the DE. This meticulous evaluation is of
the utmost significance for China. It functions as a strategic instrument for precisely assess-
ing the country’s position within the worldwide DE domain. Furthermore, it establishes
the foundation for developing precise and efficacious approaches that have the potential to
elevate China to a status of formidable global competitiveness [16]. The consequences of
conducting such a thorough assessment go beyond theoretical deliberations; they directly
guide China in determining the practical actions and strategies required to establish a
new trajectory of development. In its endeavor to establish itself as a highly competitive
nation on the global stage, China can greatly advantage from the knowledge gained from
a comprehensive assessment of its DE progress. This procedure not only facilitates the
identification and exploitation of current benefits but also sheds light on specific domains
that necessitate concentrated effort and enhancement. In essence, this strategic approach is
of immeasurable value as it directs China toward the establishment of a novel development
paradigm—one that nurtures sustainable and high-quality economic progress in the age of
digitalization [17].

In this paper, the level of development of China’s DE will be estimated utilizing the
fuzzy decision-making theory. The structure of the subsequent sections of this manuscript
is as follows: The Literature Review Section presents a compilation of the latest research
findings from relevant scholars regarding the DE. Section 3 describes the imprecise ARO-
MAN based on linear programming. Section 4 comprises a number of evaluation criteria
for DE. The results of a case study are discussed in Section 5. In addition to a succinct
summary of the research findings, the concluding section of this paper provides perti-
nent recommendations.

2. Literature Review

In this section, the definition of DE and some work related to the DE is given.

2.1. Definition of Digital Economy

The DE, which serves as a crucial strategy for driving global economic progress,
has a significant impact on numerous spheres, including the transformation of industrial
structures, the improvement in international competitiveness, and the restructuring of
the manufacturing sector. Introduced in the 1990s as a technical term, the DE evolved
conceptually over time. Tapscott [18] introduced the term “era of networked intelligence”
in 1996, delineating it as a technologically crafted network system by humans. The complex
network that links knowledge, expertise, and innovation facilitates groundbreaking con-
cepts that drive economic growth and contribute to the betterment of society. According to
Moulton [19], information technology and electronic commerce are fundamental elements
of the DE. Further elaborating on this, Brynjolfsson and Kahin [20] contend that the digital
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infrastructure is the foundation of the DE. With the progression of the scientific and techno-
logical revolution, the fundamental nature of the DE experiences a significant expansion. It
is worth noting that commodity trading and services that are built upon information and
communication technology are regarded as essential elements that merit inclusion.

The significance of the DE in influencing global economic dynamics is underscored
by its multifaceted nature. The dynamic perspectives offered by numerous academicians
and experts enhance the overall comprehension of its complex elements, underscoring the
imperative nature of incorporating digital infrastructure, information technology, and e-
commerce into its comprehensive definition [21]. The ability to adjust to the ongoing
technological revolution exemplifies the inclusive and dynamic characteristics of the DE,
which establishes it as a significant catalyst in determining the features of modern economic
environments. In addition to digital products and services, the government of the United
Kingdom suggests that the DE should also encompass digital enterprises that implement
digital technologies for modernization and transformation [22]. Despite the absence of a
universally accepted definition of the DE, the definition put forth by the G20 is generally
acknowledged within the academic community. It is of the opinion that the DE comprises a
sequence of economic activities that leverage information and communication technology to
facilitate the optimization of the economic structure and to enhance efficiency, with digital
knowledge and information serving as critical production factors.

2.2. Evaluation of the Digital Economy

The white paper published by the Chinese Academy of Information and Communica-
tions in 2017 outlines the assessment index system for China’s DE index, which consists
of three components. The initial component is the leading index, an assemblage of eight
factors. The consistency index, the second component, comprises ten indications. The la-
tency index constitutes the third component and is made up of four measures. In contrast
to its predecessor, this index system incorporates lagging indicators and takes into account
the expansion of the DE facilitated by emerging digital technologies [23]. A DE research
institution published a paper that assembles sixteen indicators into a DE development
indicator system. In addition to assessing the level of development of the DE, this index
system also evaluates its industrial structure and development trajectory [24]. Zhang et al.
examine the comprehensive progress of China’s DE by analyzing the infrastructure, funda-
mental and sophisticated uses of information and communication technology, enterprise
digital development, and growth of the information and communication technology indus-
try [25]. Chen [26] demonstrates exhaustively that, in terms of propelling factors, the level
of scientific and technological advancement, the framework, of industry, human resources,
and scientific and technological progress could significantly promote the development of
the DE, whereas government interference would impede its progress. The development of
the DE is significantly impacted by scientific and technological progress and trademark
assurance, among other factors. Li and Han [27] develop a quantitative indication system
to measure the extent of DE development. This method takes into account technological
infrastructure, digital industrialization, and industrial digitization, as well as the under-
lying meaning and expansion of the DE. Subsequently, the growth trajectory of the DE in
China was assessed over the period of 2010 to 2018 in order to predict its future develop-
ment from 2019 to 2028. From the vantage points of fundamental resources, integrative
improvement, innovation capability, societal advantages, and network protection, Li [28]
develops an all-encompassing, scientific, and exhaustive index system for assessing the
level of development of the DE.

Chen et al. [29] estimate the DE using nocturnal light remote sensing data and assess
the DE growth at the city level using Zipf’s law. The Composite I-distance Indicator (CIDI)
is utilized by Dobrota et al. [30] to rank and assess the digital achievement of twenty-eight
European Union member states. A fuzzy hierarchical statistical model-based regional
economic development coordination management system is introduced by Xu and Li [31].
A dynamic multi-attribute evaluation of the development of the DE in China is presented
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by Xiao et al. [32], with an emphasis on the importance of interaction effects. This research
illuminates the intricacies that are intrinsic in evaluating the DE, considering various
characteristics. By analyzing the development of the DE in Guangdong province using
an enhanced entropy method and multivariate statistical analysis, Deng et al. [33] make
a scholarly contribution. The utilization of a fuzzy information evaluation and analysis
technique in the advancement of rural e-commerce at the regional level is investigated by
Wang [34]. This research contributes to the body of knowledge by examining the unique
circumstances of rural regions, thereby showcasing the versatility of fuzzy logic in various
economic environments. Li and Xue [35] make a scholarly contribution to the field by
employing a fuzzy hierarchical algorithm to examine the ramifications of the regional total
factor production on the DE. Their research contributes to the body of knowledge regarding
the determinants of DE growth by highlighting the significance of factor production as a
whole. In their study, Su et al. [36] apply the multi-attribute decision theory to assess the
level of development in the DE. The research they conducted provides valuable insights
into the utilization of decision theory in this particular domain. It establishes a systematic
framework for thoroughly evaluating various factors that impact the advancement of
the DE.

Upon reviewing the existing literature, it becomes apparent that foreign studies on the
DE commenced earlier, featuring well-established index systems tested over an extended
period, garnering significant credibility and authority. In contrast, domestic exploration into
the DE was initiated later; however, the evaluation indicator system for DE development
exhibits a more comprehensive nature. A notable observation is the scarcity of literature
addressing the comprehensive evaluation of DE development utilizing MCDM models.
Traditional research in this domain predominantly relied on statistical data for measuring
DE development. However, challenges arise due to the infrequency and difficulty in
obtaining coherent and comparable objective data. The collection process is labor-intensive,
and not all gathered objective data are universally applicable across diverse areas [37].
Consequently, the analysis of DE development encounters hurdles due to data limitations.
Moreover, prior investigations predominantly operated at the national level, overlooking
regional disparities. By recognizing that each provincial-level region in China has distinct
DE development strategies and plans, evaluating the DE development level on a provincial
scale offers more nuanced insights. This approach provides valuable policy support
tailored to the specific developmental needs of each provincial-level region. In light of these
considerations, this study undertakes an evaluation and analysis of the provincial-level
DE development in China. The objective is to present targeted suggestions aligned with
the distinctive developmental characteristics of the provincial DE. This endeavor aims to
expedite the high-level and high-quality development of the DE in China [38].

2.3. Uncertain Data Modeling

For a long period of time, the task of managing uncertain and insufficient information
has consistently been a significant concern. The consolidation of knowledge is a crucial
factor in decision-making across diverse fields, like business, engineering, management,
social sciences, psychology, and artificial intelligence. Historically, options have typically
been seen as simple numerical values when it comes to information. Nevertheless, in the
modern era, information seldom takes on such a rudimentary structure, necessitating
careful consideration to resolve discrepancies in facts. Recognizing the intricate nature of
the problem, Zadeh [39] proposes the notion of the fuzzy set, utilizing the membership
function as a tool to depict and unify things with indistinct borders. The fuzzy set is a
valuable mathematical concept that allows for the definition and organization of things
with unclear boundaries, using membership grades. This creative method is crucial for
understanding the complexities of modern information, where simplicity often yields to
the subtle and intricate structure of data.

Awodi et al. [40] present a fuzzy TOPSIS-based risk assessment model for nuclear
decommissioning, contributing to effective risk management in the intricate field of nu-
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clear energy. Meanwhile, Chisale and Lee [41] address renewable energy challenges in
Malawi, utilizing the AHP and fuzzy TOPSIS to evaluate barriers and propose solutions.
Their study provides insights into sustainable energy development in the African context.
Ghose et al. [42] present an integrated fuzzy COPRAS model designed to determine the
most suitable materials for applications in solar electric vehicles. Their contribution to the
field is the provision of a comprehensive framework for decision-making in the electric ve-
hicle sector that is specifically designed to promote sustainable development. Olabanji and
Mpofu [43] extend the applicability of the fuzzy COPRAS methodology to the optimization
of product design in a related context. The research highlights the adaptability of the fuzzy
COPRAS model by illustrating its effectiveness in improving decision-making processes
that extend beyond particular domains. Recent studies employing the fuzzy DEMATEL
methodology have advanced the understanding and application of decision-making pro-
cesses in various industries. Çelik and Arslankaya [44] conduct an analysis of quality
control criteria in a business context, using the fuzzy DEMATEL method and offering
insights into effective quality management, illustrated through a glass business example.
In maritime transportation, Kuzu [45] applies the fuzzy DEMATEL approach to conduct
a risk analysis of anchor loss, demonstrating its utility in assessing complex factors and
enhancing decision-making in the maritime industry. Furthermore, Mohapatra et al. [46]
present a sustainable solution for addressing lean barriers in the Indian manufacturing
industry, employing a fuzzy DEMATEL methodology. Opreana et al. [47] propose a fuzzy
analytic network process (ANP) integrated with principal component analysis to establish
a comprehensive bank performance model, particularly considering country risk as a sig-
nificant factor. This study contributes to the field of financial decision-making by offering
an advanced approach for assessing and predicting bank performance under uncertain
conditions. In a different context, Allahviranloo et al. [48] explore the application of the
analytical hierarchy process (AHP) in a fuzzy environment, providing a theoretical foun-
dation. Additionally, Hii et al. [49] focus on e-learning postadoption success, introducing
a model based on the fuzzy ANP to evaluate information system success. Oubahman
and Duleba [50] employ a fuzzy PROMETHEE model to analyze public transport mode
choice, offering an innovative approach to addressing the complexity of decision-making
in transportation planning. This study contributes to the field by demonstrating the adapt-
ability of fuzzy PROMETHEE models in capturing the nuances of individuals’ preferences
and uncertainties associated with mode choice. In a separate application, Liang et al. [51]
introduce a novel robustness PROMETHEE method for blockchain technology-enhanced
supplier selection. Their approach integrates learning interactive criteria and historical
information, showcasing the versatility of the fuzzy PROMETHEE in supplier selection
processes enhanced by emerging technologies. In the realm of multi-criteria decision-
making, the authors propose q-rung orthopair fuzzy Aczel–Alsina AOs [52], offering
flexibility in handling complex decision scenarios. Additionally, a prior study by Farid and
Riaz [53] introduces generalized q-rung orthopair fuzzy Einstein interactive geometric AOs.
Tolga et al. [54] introduce finite-interval-valued Type-2 Gaussian fuzzy numbers to enhance
the fuzzy TODIM method. This innovative approach is applied to a healthcare problem,
showcasing the versatility of fuzzy logic in addressing uncertainties in decision-making.
Similarly, Deveci et al. [55] evaluate the metaverse integration of freight fluidity measure-
ment alternatives using the fuzzy Dombi EDAS model, emphasizing the applicability of
fuzzy logic in the evolving landscape of metaverse technologies. In the realm of agricul-
ture, Tolga and Basar [56] assess a smart system in hydroponic vertical farming through
fuzzy MCDM methods. This study exemplifies the utilization of fuzzy logic in optimizing
decision processes within the agricultural sector. Moving to logistics, Tütüncü et al. [57]
employ an integer linear programming approach to address the personnel shuttle routing
problem at the Yıldız Campus, Istanbul, underscoring the effectiveness of mathematical
models augmented with fuzzy concepts in solving real-world logistical challenges. In the
healthcare sector, Ghoushchi and Sarvi [58] extend the use of fuzzy logic by prioritizing and
evaluating the risks associated with ordering and prescribing in the chemotherapy process.
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Their study utilizes an extended SWARA and MOORA approach under fuzzy Z-numbers,
showcasing the adaptability of fuzzy logic to handle uncertainties in risk assessment.

We employ a novel strategy to address methodological challenges and the research gap
in the evaluation of the DE. Specifically, we apply the recently proposed fuzzy AROMAN,
which is based on linear programming, and use criteria that are closely connected to the
DE. The way the data are normalized and the final ranking is determined distinguish
the AROMAN from other MCDM methodologies. The technique of data normalization
involves transforming the input data of a decision-making matrix within a range of 0 to 1.
This process frequently assists decision-makers in obtaining identical data structures, which
facilitates and improves the relevance of subsequent calculations. It is very important to
utilize normalization to make alternative comparisons easier when criteria are assigned
different kinds of numerical values. The relative location of the criteria value within
the value range determines the normalized value. As a result, choosing the appropriate
normalization method is crucial since it influences subsequent calculations made during the
decision-making process. One kind of normalization serves as the foundation for numerous
MCDM techniques. However, while one normalization process is straightforward and
subjective, relying solely on it may result in inaccurate information. Two different forms of
normalization are used in the recently introduced AROMAN, and the normalized values
that are acquired are then combined to create the averaged normalized decision-making
matrix. In order to acquire more accurate normalized data, we link two normalization
strategies (the linear and vector) in this study using arithmetic means. This is due to the
expectation that combining the two approaches will result in a description of empirical
data that is more accurate. In order to identify the variations among the methodologies
taken into consideration, the final ranking results are also compared to the other MCDM
techniques.

3. Linear Programming-Based Fuzzy AROMAN

In contrast to a single-criterion method, a decision-making problem considers nu-
merous criteria in order to determine which alternative among a given set is the best.
Numerous MCDM techniques are employed now to address a range of issues. The majority
of these techniques are predicated on comparable decision-making concepts. A preliminary
decision-making matrix is included, with several options juxtaposed against various com-
peting standards. Any MCDM method’s output is a final ranking of options that aids in
decision-makers’ selection of the best option. This research proposes a linear programming-
based fuzzy alternative ranking order method accounting for two-step normalization
(AROMAN). Using this technique, normalized data from the two-step normalization are
combined to generate an average matrix.

Assume that there are n alternatives given as Gℑ =
{
Gℑ

1, . . . ,Gℑ
i, . . . ,Gℑ

n
}
(n ≥ 2)

and Pγ =
{
Pγ

1, . . . ,Pγ
j, . . . ,Pγ

m

}
(m ≥ 2) that comprise the finite set of m criteria.

The subsequent stages delineate the fuzzy AROMAN, which is founded upon linear pro-
gramming.

Stage 1:
Obtain the fuzzy decision matrix from the decision-makers (DMs) as Ψ =

(
ℸij

)
n×m

.

Stage 2:
Using this fuzzy decision matrix as a basis ✠, a weighted sum of the scores of each alternate
N

β
j is determined by

¥(N
β
j ) =

m

∑
i=1

N
β
i

(
ℸij

)
, (j = 1, 2, . . . , n).

where, Nβ
1 ,Nβ

2 , . . .Nβ
m be the WV of the given criterion.

Let us consider a scenario in which the weights are considered to be indeterminate. In this
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context, we will denote a subset of these weights as ¥. In order to assess the indeterminate
weights, we employ the aforementioned mathematical formulation.

Max g =
m

∑
i=1

¥(N
β
j )

Subject to the above conditions, the equation ∑m
i=1 N

β
i = 1 holds true. Through the utiliza-

tion of this specific information, the WV undergoes a process of normalization. By employ-
ing a linear programming framework, the weights of criteria are computed while adhering
to specific constraints.
Linear programming is a method of mathematical optimization that is employed to get the
optimal solution in a mathematical model that is defined by linear connections. The process
entails optimizing a linear objective function while adhering to a collection of linear equality
and inequality constraints. Linear programming is frequently used in operations research,
economics, and management science to systematically allocate limited resources and make
optimum judgments in many disciplines.
Stage 3:
After find the criteria weights, the third step is to normalize the input data. There are
two types of normalization, Equations (1) and (2) are employed to normalize the decision
matrix. Equation (1) gave the linear form normalization and Equation (2) gave the vector
form normalization. The normalization techniques in the step 3 are used for both criterion
types (benefit and cost).

Zij =
ℸij −ℸij

ℸij −ℸij
; i = 1, 2, . . . , n; j = 1, 2, . . . , m; (1)

Z∗ij =
ℸij√
n

∑
i=1

ℸ2
ij

; i = 1, 2, . . . , n; j = 1, 2, . . . , m; (2)

Stage 4:
The process of aggregated averaged normalization is achieved by implementing the follow-
ing Equation (3).

Zℵij =
ξ Zij + (1 − ξ)Z∗ij

2
; i = 1, 2, . . . , n; j = 1, 2, . . . , m; (3)

For our specific situation, we assigned a value of ξ is 0.50. ξ is a weighting factor varying
from 0 to 1. Within the discipline of MCDM, various methodologies exist for approaching
the aggregation process. These include the utilization of the geometric mean or the centroid
mean. Nevertheless, we choose to utilize the arithmetic mean as it is widely recognized as
the most commonly employed measure of central tendency.
Stage 5:
Compute the product of the aggregated averaged normalized decision-making matrix
using Equation (4) and the criteria weights to derive the weighted decision matrix.

Wij = N
β
i × Zℵij ; i = 1, 2, . . . , n; j = 1, 2, . . . , m; (4)

Stage 6:
Evaluate the normalized weighted values of the cost type criteria Ci and the benefit type
criteria Bi. This can be calculated by applying Equation (5) and Equation (6), respectively.

Ci =
m

∑
j=1

Wmin
ij ; i = 1, 2, . . . , n; j = 1, 2, . . . , m; (5)

Bi =
m

∑
j=1

Wmax
ij ; i = 1, 2, . . . , n; j = 1, 2, . . . , m; (6)
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Stage 7:
Find the final ranking values Yi by using the following Equation (7).

Yi = Cλ
i + B(1−λ)

i ; i = 1, 2, . . . , n; (7)

λ denotes the coefficient degree of the criterion type. By including both sorts of criteria,
we determined that parameter λ had a value of 0.5.

Nevertheless, it is feasible to generate different iterations of the parameter λ when
taking into account the type of criterion. For instance, if the decision-making problem
has two criteria that are of the cost type and one criterion that is of the benefit type, then
the coefficient λ should be equal to 2

3 . This reasoning can be applied to determine the
preference among the options that are being investigated.

A pictorial view of Algorithm is given in Figure 1.

Figure 1. Pictorial view of Algorithm.

4. Indicator for Comprehensive Evaluation on DE Development

To make a full set of indicators that can be used to measure the progress of different
areas in the DE, many technological, infrastructure, connectivity, and socio-economic
factors must be taken into account. We consider six criteria based on some previous studies.
Several indicators are provided here.

Digital infrastructure: In gauging the DE development of diverse regions, a multifaceted
evaluation must delve into critical aspects of digital infrastructure. Internet penetra-
tion, a cornerstone metric, illuminates the extent of connectivity within a population.
The assessment expands to encompass broadband availability, scrutinizing not just
its ubiquity but also the quality of high-speed services, crucial for fostering a thriving
digital ecosystem. Mobile network coverage emerges as another linchpin, exploring
the reach and reliability of wireless communication networks that underpin mobile
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connectivity. This triad of metrics illuminates the accessibility and resilience of a
region’s digital fabric. However, an astute evaluation goes beyond quantitative mea-
sures, considering the socio-economic implications of this infrastructure. It assesses
how digital accessibility empowers communities economically and socially, fostering
inclusivity. Moreover, a comprehensive review extends to the regulatory frameworks
shaping these digital landscapes. It examines policies governing internet access, data
privacy, and technology innovation, offering insights into a region’s commitment
to fostering a secure and conducive digital environment. In essence, this holistic
evaluation embraces both the tangible infrastructure metrics and the intangible socio-
economic dynamics, painting a nuanced picture of a region’s DE evolution.

Digitalization cost per capita (DCpC) : The DCpC is a pivotal metric for evaluating the
DE development across regions. This metric encapsulates the average expenditure
per capita in implementing and sustaining digital infrastructure, services, and tech-
nology. A lower value in this indicator signifies an efficient allocation of resources in
the region’s digitalization endeavors. It implies that the region is adept at optimizing
costs while achieving a robust digital infrastructure. Conversely, higher values in
the DCpC warrant scrutiny, suggesting potential challenges or barriers hindering
widespread digital adoption. This could stem from inefficient resource utilization,
inadequate infrastructure planning, or regulatory impediments. As a result, regions
with elevated digitalization costs may need to reassess their strategies to enhance
efficiency and overcome obstacles inhibiting broader technological integration. A nu-
anced interpretation of this indicator considers not only the absolute cost but also
the effectiveness and impact of the digitalization efforts. It prompts a qualitative
examination of how well the allocated resources translate into tangible benefits, fos-
tering a holistic understanding of a region’s DE. By incorporating the DCpC into the
evaluation framework, stakeholders can gain insights into the economic efficiency
and sustainability of a region’s digital transformation initiatives.

Education and skills: Assessing the DE development across diverse regions necessitates
a meticulous examination of educational and skills-related indicators. Digital liter-
acy rates, a pivotal metric, gauge the percentage of the population equipped with
fundamental digital skills. This parameter serves as a foundational element, sig-
nifying the region’s capacity for technological assimilation at a grassroots level.
Furthermore, the evaluation extends to STEM Education, scrutinizing the availabil-
ity and enrollment in science, technology, engineering, and mathematics programs.
The prominence of these disciplines is indicative of a region’s commitment to nur-
turing a workforce proficient in fields crucial to digital innovation and advancement.
Online learning emerges as another vital facet, elucidating the region’s accessibility
and utilization of digital educational resources. A high prevalence of online learning
suggests a dynamic educational landscape embracing digital tools for knowledge dis-
semination.

This trio of indicators collectively paints a comprehensive picture of a region’s educa-
tional infrastructure and preparedness for the digital age. Beyond mere enrollment
figures, the focus lies on the practical application of digital skills and the adaptability
of educational systems to online platforms. A nuanced evaluation of education and
skills metrics enriches the understanding of how well a region is cultivating a digitally
literate and technologically adept populace, essential for sustained DE development.

Social inclusion: In evaluating the DE development of various regions, a crucial aspect
lies in the examination of social inclusion metrics. Digital inclusion programs, a cor-
nerstone indicator, shed light on initiatives undertaken to guarantee universal access
to digital resources. This not only reflects a region’s commitment to bridging digital
disparities but also underscores the inclusivity of its digital development strate-
gies. The assessment extends to online social services, elucidating the availability
of digital platforms for crucial domains, such as healthcare, education, and social
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welfare. A region’s investment in these online services speaks to its dedication to
leveraging technology for the betterment of societal well-being. The digital divide
index, a quantitative measure, becomes instrumental in understanding the extent
of inequality in digital access across demographic groups. A lower index suggests
a more equitable distribution of digital resources, indicating a region’s success in
minimizing disparities in technological access and utilization.

This triad of social inclusion indicators provides a nuanced understanding of how
technology is harnessed to ensure that the benefits of the DE are accessible to all seg-
ments of society. The evaluation not only considers the presence of initiatives but also
their effectiveness in fostering an inclusive digital ecosystem, thereby contributing to
a more comprehensive appraisal of a region’s digital economic development.

Regulatory environment: Analyzing the DE development of diverse regions necessitates
a thorough exploration of the regulatory landscape governing technology and inno-
vation. The first crucial aspect is the existence and effectiveness of policies supporting
digital innovation. This gauges a region’s commitment to fostering a conducive
environment for technological advancement, showcasing its proactive stance in pro-
pelling digital economic growth. Equally significant is the scrutiny of the strength
and enforcement of regulations safeguarding digital privacy. This dimension high-
lights the region’s dedication to ensuring the protection of individuals’ digital in-
formation, a fundamental element for fostering trust in digital interactions. Further,
the evaluation extends to the regulatory environment for tech companies and star-
tups. A supportive regulatory framework can stimulate entrepreneurship, innovation,
and economic dynamism. Assessing the ease of doing business and the adaptability
of regulations to the rapidly evolving tech landscape provides insights into a region’s
capability to nurture a thriving digital ecosystem.

Environmental sustainability: Evaluating the DE development across diverse regions ne-
cessitates a conscientious examination of environmental sustainability indicators.
One pivotal facet is the extent of green tech adoption, assessing the integration of en-
vironmentally friendly technologies. This metric underscores a region’s commitment
to leveraging digital innovations that not only drive economic growth but also align
with ecological sustainability goals, contributing to a greener and more sustainable
future. Complementing this, the focus extends to energy efficiency, gauging the
adoption of practices within the digital sector that minimize energy consumption and
the environmental impact. A region’s emphasis on energy-efficient technologies and
operations not only reflects environmental responsibility but also contributes to long-
term economic resilience by reducing operational costs. This dual-pronged evaluation
in environmental sustainability offers a holistic view, considering both the nature of
technologies embraced and the efficiency of their energy utilization. Regions that
successfully integrate green tech and prioritize energy efficiency are positioned not
only as digital leaders but also as environmentally conscious entities, acknowledging
the intrinsic link between digital progress and ecological well-being [59].

In the era of rapid technological advancement, an astute evaluation of environmental
sustainability indicators becomes imperative, recognizing the importance of responsi-
ble digital development that harmonizes with broader ecological imperatives. Such
an assessment unveils the regions at the forefront of a balanced and sustainable DE.

5. Case Analysis

Provinces assume a crucial role in influencing the trajectory of the DE amidst the
ever-changing digital transformation landscape. A comprehensive assessment of the
development of the DE in 20 provincial regions is conducted in this case study, utilizing
six essential criteria. The aim is to acquire a deeper understanding of the advancements,
obstacles, and prospects that these areas confront as they undergo a digital transformation.
The primary goals of this evaluation are to assess the state of the DE development in
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provincial regions and identify areas for improvement. The criteria chosen for evaluation
encompass a holistic view of the digital ecosystem. The details of the six criteria are given in
Section 4. In this case study, C1 = digitalization cost per capita, C2 = digital infrastructure,
C3 = education and skills, C4 = social inclusion, C5 = regulatory environment, and C6 =
environmental sustainability. C1 is the cost-type criteria and the remaining are all of the
benefit type. Here, we take 20 provinces of China as alternatives. In these 20 provinces of
China, we evaluate the performance of the DE.
Stage 1:
Obtain the fuzzy decision matrix from the decision-makers (DMs) as Ψ =

(
ℸij

)
n×m

, given

in Table 1.

Table 1. Fuzzy decision matrix.

C1 C2 C3 C4 C5 C6

Henan 0.1234 0.5678 0.9876 0.4321 0.8765 0.2468
Jiangxi 0.3456 0.7890 0.6543 0.2109 0.5432 0.1098
Beijing 0.8765 0.4321 0.9876 0.1234 0.7890 0.6543
Shandong 0.2109 0.5432 0.1098 0.3456 0.6543 0.9876
Liaoning 0.4321 0.8765 0.2468 0.7890 0.1234 0.5678
Hubei 0.5432 0.1098 0.2109 0.6543 0.3456 0.7890
Hebei 0.9876 0.6543 0.3456 0.8765 0.4321 0.1234
Shanghai 0.7890 0.2109 0.5432 0.1098 0.8765 0.6543
Zhejiang 0.2468 0.5432 0.1098 0.9876 0.1234 0.7890
Sichuan 0.5678 0.8765 0.4321 0.6543 0.7890 0.2109
Guangdong 0.1098 0.6543 0.7890 0.3456 0.2109 0.5432
Guangxi 0.1234 0.9876 0.4321 0.7890 0.5678 0.2468
Ningxia 0.7890 0.3456 0.6543 0.2109 0.4321 0.8765
Hainan 0.6543 0.2109 0.5432 0.9876 0.1234 0.5678
Jiangsu 0.8765 0.4321 0.1234 0.7890 0.2468 0.5678
Tibet 0.5432 0.1098 0.2109 0.6543 0.7890 0.3456
Gansu 0.1098 0.9876 0.8765 0.4321 0.6543 0.2109
Fujian 0.3456 0.7890 0.6543 0.2109 0.5432 0.1234
Qinghai 0.5678 0.2468 0.4321 0.8765 0.1098 0.7890
Tianjin 0.9876 0.5432 0.1098 0.6543 0.7890 0.3456

Stage 2:
Consider that the DMs provide the following partial weight details about the attribute
weights:
0 ≤ N

β
1 ≤ 0.50, 0.10 ≤ N

β
2 ≤ 0.55, 0.10 ≤ N

β
3 ≤ 0.30, 0.10 ≤ N

β
4 ≤ 0.25, 0 ≤ N

β
5 ≤

0.25, 0.10 ≤ N
β
6 ≤ 0.35.

Relying on these data, the following optimization framework can be developed:

Max g = 0.1234Nβ
1 + 0.3456Nβ

1 + 0.8765Nβ
1 + 0.2109Nβ

1 + 0.4321Nβ
1 + ... + 0.9876Nβ

1

0.5678Nβ
2 + 0.7890Nβ

2 + 0.4321Nβ
2 + 0.5432Nβ

2 + 0.8765Nβ
2 + ... + 0.5432Nβ

2

0.9876Nβ
3 + 0.6543Nβ

3 + 0.9876Nβ
3 + 0.1098Nβ

3 + 0.2468Nβ
3 + ... + 0.1098Nβ

3

0.4321Nβ
4 + 0.2109Nβ

4 + 0.1234Nβ
4 + 0.3456Nβ

4 + 0.7890Nβ
4 + ... + 0.6543Nβ

4

0.8765Nβ
5 + 0.5432Nβ

5 + 0.7890Nβ
5 + 0.6543Nβ

5 + 0.1234Nβ
5 + ... + 0.7890Nβ

5

0.2468Nβ
6 + 0.1098Nβ

6 + 0.6543Nβ
6 + 0.9876Nβ

6 + 0.5678Nβ
6 + ... + 0.3456Nβ

6

such that
0 ≤ N

β
1 ≤ 0.50, 0.10 ≤ N

β
2 ≤ 0.55, 0.10 ≤ N

β
3 ≤ 0.30, 0.10 ≤ N

β
4 ≤ 0.25,

0 ≤ N
β
5 ≤ 0.25, 0.10 ≤ N

β
6 ≤ 0.35, N

β
1 +N

β
2 +N

β
3 +N

β
4 +N

β
5 +N

β
6 = 1,

N
β
1 ,Nβ

2 ,Nβ
3 ,Nβ

4 ,Nβ
5 ,Nβ

6 ≥ 0.

By solving this model, we obtain N
β
1 = 0.15,Nβ

2 = 0.20,Nβ
3 = 0.25,Nβ

4 = 0.10,Nβ
5 = 0.15,
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N
β
6 = 0.15.

Stage 3:
Employ Equations (1) and (2) to normalize the fuzzy decision matrix. Equation (1) gives
the linear form normalization and Equation (2) gives the vector form normalization, given
in Table 2 and Table 3, respectively.

Table 2. Linear normalization of fuzzy decision matrix.

C1 C2 C3 C4 C5 C6

0.0155 0.5218 1 0.3672 1 0.1561
0.2686 0.7738 0.6203 0.1152 0.5653 0
0.8734 0.3672 1 0.0155 0.8859 0.6203
0.1152 0.4937 0 0.2686 0.7102 1
0.3672 0.8734 0.1561 0.7738 0.0177 0.5218
0.4937 0 0.1152 0.6203 0.3076 0.7738

1 0.6203 0.2686 0.8734 0.4204 0.0155
0.7738 0.1152 0.4937 0 1 0.6203
0.1561 0.4937 0 1 0.0177 0.7738
0.5218 0.8734 0.3672 0.6203 0.8859 0.1152

0 0.6203 0.7738 0.2686 0.1319 0.4937
0.0155 1 0.3672 0.7738 0.5974 0.1561
0.7738 0.2686 0.6203 0.1152 0.4204 0.8734
0.6203 0.1152 0.4937 1 0.0177 0.5218
0.8734 0.3672 0.0155 0.7738 0.1787 0.5218
0.4937 0 0.1152 0.6203 0.8859 0.2686

0 1 0.8734 0.3672 0.7102 0.1152
0.2686 0.7738 0.6203 0.1152 0.5653 0.0155
0.5218 0.1561 0.3672 0.8734 0 0.7738

1 0.4937 0 0.6203 0.8859 0.2686

Table 3. Vector normalization of fuzzy decision matrix.

C1 C2 C3 C4 C5 C6

0.0467 0.2078 0.4000 0.1543 0.3451 0.0989
0.1308 0.2888 0.2650 0.0753 0.2139 0.0440
0.3317 0.1582 0.4000 0.0441 0.3106 0.2623
0.0798 0.1988 0.0450 0.1234 0.2576 0.3959
0.1635 0.3208 0.1000 0.2818 0.0486 0.2276
0.2056 0.0402 0.0854 0.2337 0.1361 0.3163
0.3738 0.2395 0.1400 0.3130 0.1701 0.0495
0.2986 0.0772 0.2200 0.0392 0.3451 0.2623
0.0934 0.1988 0.0445 0.3527 0.0486 0.3163
0.2149 0.3208 0.1750 0.2337 0.3106 0.0846
0.0416 0.2395 0.3195 0.1234 0.0830 0.2178
0.0467 0.3615 0.1750 0.2818 0.2235 0.0989
0.2986 0.1265 0.2650 0.0753 0.1701 0.3514
0.2476 0.0772 0.2200 0.3527 0.0486 0.2276
0.3317 0.1582 0.0500 0.2818 0.0972 0.2276
0.2056 0.0402 0.0854 0.2337 0.3106 0.1386
0.0416 0.3615 0.3550 0.1543 0.2576 0.0846
0.1308 0.2888 0.2650 0.0753 0.2139 0.0495
0.2149 0.0903 0.1750 0.3130 0.0432 0.3163
0.3738 0.1988 0.0445 0.2337 0.3106 0.1386

Stage 4:
Find the aggregated averaged normalization values by using Equation (3), by taking the
value of ξ as 0.50, given in Table 4.
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Table 4. Aggregated averaged normalization values.

C1 C2 C3 C4 C5 C6

0.0467 0.2078 0.4 0.1543 0.3451 0.0989
0.1308 0.2888 0.265 0.0753 0.2139 0.0440
0.3317 0.1582 0.4 0.0441 0.3106 0.2623
0.0798 0.1988 0.0445 0.1234 0.2576 0.3959
0.1635 0.3208 0.1 0.2818 0.0486 0.2276
0.2056 0.0402 0.0854 0.2337 0.1361 0.3163
0.3738 0.2395 0.14 0.3130 0.1701 0.0495
0.2986 0.0772 0.22 0.0392 0.3451 0.2623
0.0934 0.1988 0.0445 0.3527 0.0486 0.3163
0.2149 0.3208 0.175 0.2337 0.3106 0.0846
0.0416 0.2395 0.3195 0.1234 0.0830 0.2178
0.0467 0.3615 0.175 0.2818 0.2235 0.0989
0.2986 0.1265 0.265 0.0753 0.1701 0.3514
0.2476 0.0772 0.22 0.3527 0.0486 0.2276
0.3317 0.1582 0.05 0.2818 0.0972 0.2276
0.2056 0.0402 0.0854 0.2337 0.3106 0.1386
0.0416 0.3615 0.355 0.1543 0.2576 0.0846
0.1308 0.2888 0.265 0.0753 0.2139 0.0495
0.2149 0.0903 0.175 0.3130 0.0432 0.3163
0.3738 0.1988 0.0445 0.2337 0.3106 0.1386

Stage 5:
Compute the weighted decision matrix by using Equation (4), given in Table 5.

Table 5. Aggregated averaged normalization values.

C1 C2 C3 C4 C5 C6

0.0023 0.0365 0.0875 0.0130 0.0504 0.0096
0.0150 0.0531 0.0553 0.0048 0.0292 0.0017
0.0452 0.0263 0.0875 0.0015 0.0449 0.0331
0.0073 0.0346 0.0028 0.0098 0.0363 0.0523
0.0199 0.0597 0.0160 0.0264 0.0025 0.0281
0.0262 0.0020 0.0125 0.0213 0.0166 0.0409
0.0515 0.0430 0.0255 0.0297 0.0221 0.0024
0.0402 0.0096 0.0446 0.0010 0.0504 0.0331
0.0094 0.0346 0.0028 0.0338 0.0025 0.0409
0.0276 0.0597 0.0339 0.0213 0.0449 0.0075
0.0016 0.0430 0.0683 0.0098 0.0081 0.0267
0.0023 0.0681 0.0339 0.0264 0.0308 0.0096
0.0402 0.0198 0.0553 0.0048 0.0221 0.0459
0.0325 0.0096 0.0446 0.0338 0.0025 0.0281
0.0452 0.0263 0.0041 0.0264 0.0103 0.0281
0.0262 0.0020 0.0125 0.0213 0.0449 0.0153
0.0016 0.0681 0.0768 0.0130 0.0363 0.0075
0.0150 0.0531 0.0553 0.0048 0.0292 0.0024
0.0276 0.0123 0.0339 0.0297 0.0016 0.0409
0.0515 0.0346 0.0028 0.0213 0.0449 0.0153

Stage 6:
Evaluate the normalized weighted values of the cost-type criteria Ci and the benefit-type
criteria Bi. This can be calculated by applying Equations (5) and (6), given in Table 6 and
Table 7, respectively.
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Table 6. Sum of all benefit criteria values.

C1 0.1970 C11 0.1559
C2 0.1441 C12 0.1687
C3 0.1932 C13 0.1479
C4 0.1358 C14 0.1186
C5 0.1327 C15 0.0952
C6 0.0934 C16 0.0960
C7 0.1228 C17 0.2017
C8 0.1387 C18 0.1449
C9 0.1146 C19 0.1184
C10 0.1673 C20 0.1189

Table 7. Sum of all cost criteria values.

B1 0.0023 B11 0.0016
B2 0.0150 B12 0.0023
B3 0.0452 B13 0.0402
B4 0.0073 B14 0.0325
B5 0.0199 B15 0.0452
B6 0.0262 B16 0.0262
B7 0.0515 B17 0.0016
B8 0.0402 B18 0.0150
B9 0.0094 B19 0.0276
B10 0.0276 B20 0.0515

Stage 7:
Find the final ranking values Yi by using the following Equation (7), given in Table 8.

Table 8. Final ranking values.

Y1 0.4922 Y11 0.4343
Y2 0.5020 Y12 0.4590
Y3 0.6522 Y13 0.5851
Y4 0.4541 Y14 0.5248
Y5 0.5053 Y15 0.5211
Y6 0.4676 Y16 0.4718
Y7 0.5774 Y17 0.4886
Y8 0.5730 Y18 0.5030
Y9 0.4352 Y19 0.5103
Y10 0.5752 Y20 0.5718

In accordance with the ultimate classification, twenty provinces are categorized into
four categories. As shown in Table 9, the classification of the development level of the
provincial DE is possible.

Table 9. Final ranking values.

Classification Strength Provinces

Strong Beijing, Ningxia, Hebei, Sichuan, Shanghai
General Tianjin, Hainan, Jiangsu, Qinghai, Liaoning
Weak Fujian, Henan, Jiangxi, Tibet, Gansu
Very weak Hubei, Guangxi, Shandong, Zhejiang, Guangdong

5.1. Managerial Implications

The proposed methodology equips decision-makers with a comprehensive tool to
assess and understand the multifaceted dimensions of digital economy (DE) develop-
ment. By employing linear programming and fuzzy logic, decision-makers can make
more informed and nuanced decisions, considering the complexities and uncertainties
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associated with DE growth. The linear programming aspect of the methodology allows
decision-makers to dynamically optimize the weightings assigned to different evaluation
criteria. This ensures a context-specific assessment that aligns with the evolving nature
of the DE landscape, enabling managers to prioritize areas crucial for sustainable devel-
opment. Incorporating fuzzy logic into the evaluation model enables a more realistic
representation of the vagueness and imprecision inherent in qualitative assessments of
DE. Managers can gain insights into the nuanced aspects of DE progress, facilitating a
deeper understanding of the challenges and opportunities unique to each provincial re-
gion. The AROMAN, with its two-step normalization process, enhances the accuracy of
the ranking system by considering interdependencies among criteria. This refinement in
the ranking process provides decision-makers with a more reliable basis for prioritizing
interventions and allocating resources effectively. The outcomes of this case study highlight
the model’s capacity to generate perceptive and implementable insights for policymakers.
This empowers managers to not only understand the current state of DE development
but also to implement targeted interventions that align with the unique challenges and
opportunities in each region. The proposed methodology offers a powerful managerial
tool that goes beyond traditional evaluation approaches. Decision-makers can leverage
this methodology to navigate the complexities of DE development, fostering strategic and
effective interventions for sustainable growth in provincial regions.

5.2. Theoretical Limitations

The linear programming aspect optimizes weightings dynamically, and it operates
under the assumption that the identified weightings remain static over time. In reality,
the dynamic nature of the digital economy may lead to shifts in the significance of cri-
teria, potentially challenging the model’s adaptability to evolving economic landscapes.
The AROMAN relies on the coupling of vector and linear normalization techniques for
accurate data structures. The theoretical limitations lie in the sensitivity of the model to the
choice of these normalization techniques, which may impact the robustness of the calcu-
lations and the subsequent evaluations. While the AROMAN aims to refine the ranking
process by considering the interdependencies among the criteria, the theoretical challenge
lies in modeling a truly comprehensive interdependency structure. The complexity of
real-world interactions may surpass the model’s capacity to fully capture the intricate
relationships among diverse factors influencing DE growth. Despite efforts to accommo-
date uncertainties, the inherent unpredictability of technological advancements, market
dynamics, and policy changes in the digital economy introduces a theoretical limitation.
The model may struggle to fully account for unforeseen events and disruptions that signifi-
cantly influence DE development. Understanding these theoretical limitations is crucial for
researchers and practitioners to interpret the results of the proposed methodology critically.

5.3. Comparative Analysis

An extensive comparative analysis was undertaken to evaluate the effectiveness of
the AROMAN against various alternative methodologies. Although minor discrepan-
cies were observed in the arrangement of options, as detailed in Table 10, a consistent
pattern emerged with the alternatives securing the highest rankings. It is imperative to
acknowledge that the AROMAN stands out for its noteworthy computational capability,
particularly in determining the utility degree for each alternative. This intrinsic feature
significantly enhances the precision and efficacy of the model, particularly in MCDM
scenarios. The introduction of this methodology is poised to elevate the decision-making
process, offering stakeholders a valuable tool to make well-informed choices aligned with
sustainability objectives.
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Table 10. The comparative analysis.

Fuzzy ANP [47] Beijing > Shanghai > Hebei > Hainan > Ningxia > Tianjin >
Sichuan > Jiangsu > Qinghai > Liaoning > Fujian > Henan > Jiangxi >

Tibet > Hubei > Gansu > Guangxi > Guangdong > Zhejiang > Shandong
Fuzzy COPRAS model [42] Beijing > Ningxia > Sichuan > Hebei > Shanghai > Tianjin >

Qinghai > Jiangsu > Hainan > Liaoning > Jiangxi > Fujian Henan > Fujian >
Tibet > Gansu > Hubei > Guangxi > Shandong > Zhejiang > Guangdong

Fuzzy TOPSIS [40] Beijing > Shanghai > Ningxia > Sichuan > Hebei > Tianjin >
Hainan > Jiangsu > Tibet > Liaoning > Fujian > Henan > Jiangxi >

Qinghai > Gansu > Hubei > Guangxi > Shandong > Zhejiang > Guangdong
Proposed Beijing > Ningxia > Hebei > Sichuan > Shanghai > Tianjin >

Hainan > Jiangsu > Qinghai > Liaoning > Fujian > Henan > Jiangxi >
Tibet > Gansu > Hubei > Guangxi > Shandong > Zhejiang > Guangdong

6. Conclusions

This research underscores the imperative need for a nuanced and comprehensive
evaluation framework as digital technologies continue to reshape economic landscapes,
particularly in provincial regions. The introduced methodology, namely, the AROMAN,
contributes significantly to the existing literature by addressing the multifaceted facets
of DE growth through its unique integration of linear programming, fuzzy logic, and a
two-step normalization process. The primary innovation of the AROMAN lies in its adept
coupling of vector and linear normalization techniques, ensuring the generation of accurate
data structures for subsequent calculations. This feature not only enhances the precision of
the evaluation but also establishes a robust foundation for decision-makers navigating the
complexities and uncertainties inherent in the assessment process. The dynamic nature of
the linear programming aspect, optimizing weightings in accordance with different evalua-
tion criteria, further distinguishes the AROMAN. This dynamism enables a context-specific
assessment that aligns with the evolving nature of the DE landscape. By incorporating
fuzzy logic, the model successfully captures the vagueness and imprecision intrinsic to
qualitative assessments, providing decision-makers with a more realistic portrayal of the
multifaceted nature of DE development. The proposed methodology equips policymakers
with a powerful tool to make well-informed decisions and implement targeted interven-
tions that foster the expansion of the digital economy. By addressing the theoretical and
practical complexities associated with DE development, the AROMAN emerges as a valu-
able asset in shaping sustainable and forward-thinking strategies for provincial regions in
the digital era. In future studies, the application of the proposed methodology can be seen
in the circular economy [60], transportation scheduling problems [61], location–allocation
modeling [62], and financial risk prediction [63].
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