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The digital transformation (DT) of firms can enhance competitiveness and operational performance. However, few cases 

exist regarding the successful DT of small and medium-sized retailers (SMRs). So how can DT be accelerated within these 

enterprises? To address this question, an integrated evaluation model that combined two Multi-Criteria Decision Making 

(MCDM) methods was used to find the critical factors (CFs) driving DT in SMRs. Using the Technology-Organization-

Environment (TOE) framework, we collected relevant extant literature to establish a three-level hierarchical structure of 

factors that enterprises have considered in DT. We next obtained information through a survey of top management of SMRs 

in Taiwan and applied the Fuzzy Analytic Hierarchy Process (FAHP) to determine the weight of each factor. Then, the 

concept of acceptable advantages of VlseKriterijumska Optimizacija I Kompromisno Resenje (VIKOR) was utilized to 

objectively determine the eight CFs. These CFs are: establishment of differentiation capabilities, support from senior 

executives, pressure from peer competition, digital infrastructure, organizational resources, industry characteristics, laws and 

regulations, and customer requests. This paper found that the environmental context is the driving factor of DT for SMRs 

rather than the technological context. Based on its other findings, this paper offers practical solutions for SMRs that are 

seeking to accelerate the DT process. All of these findings have implications for DT solution providers and relevant 

government entities who have a vested interest in growing their SMR clients/constituents. 
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1. INTRODUCTION 
 

Taiwan's retail industry has grown from 457,905 registered firms in 2007 to 496,618 firms in 2021 (MOEA, 2025). Moreover, 

the overall sales volume of Taiwan’s retail industry was forecasted in 2022 to reach NT$4.2815 trillion (Business Next, 

2023). Remarkably, 98.7% of all businesses in Taiwan are small and medium-sized enterprises (SMEs) (SMEA, 2025), and 

the retail sector, which is predominantly comprised of SMEs, is the largest among the service industries in Taiwan. Hence, 

the retail industry is a vital part of the Taiwanese economy. 

With the development of information and communication technology (ICT) and the prevalence of smartphones, new 

business practices in the retail industry have emerged using such tools as the digitization of physical stores, artificial 

intelligence (AI) technology, smart stores, electronic payment, and self-service consumption, all of which are driving the 

growth of e-commerce and mobile commerce. As such, digitalization has become a core feature of various business activities 

in different organizations, fostering cost-effectiveness for businesses and numerous benefits to consumers (Sundaram et al., 

2020). The accelerated changes in consumer shopping habits (most notably from the advent of COVID-19), enhanced 

accessibility to data, improved operational efficiencies, reduced operating costs, and increased competitiveness have caused 

the retail industry to undergo digital transformation (DT) (Reinartz et al., 2019; Savastano et al., 2022) as an efficacious 

means to survive and even thrive in today's market (Jackson, 2019). 

Digital transformation refers to the way in which a company changes its strategies, structures, operations, and people to 

adapt to new technologies and customer preferences. Such changes include modifications to corporate structures, practices, 

values and beliefs as well as any constituent relationships with other organizations, ecosystems, suppliers, and consumers 
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(Ponsignon et al., 2019; AlNuaimi et al., 2022; Kraft et al., 2022). DT benefits SMEs by facilitating change and technological 

adaptation, and it enables improved competitiveness through agility, innovation and efficiency (Ruso et al., 2024). SMEs that 

embrace the digital transformation process will undoubtedly face serious challenges and difficulties. Therefore, SMEs need 

sufficient capital investments and ongoing employee training to address these challenges (Li, 2020). However, there is 

considerable confusion and misunderstanding in the industry about DT (Gong & Ribiere, 2021). Much of this ambiguity 

stems from the fact that the DT process does not have a set of rules, a single solution, or even a single expected outcome 

(Kane et al., 2019). This aforementioned milieu appears to be especially nettlesome to small and medium-sized retailers 

(SMRs). For instance, they tend to believe that DT is too complicated and costly, as well as unlikely to generate a favorable 

return on investment (Van Dyk & Van Belle, 2019).  

However, there are currently no established business models or organizational “best” practices that companies can adopt 

to ensure success through the DT process (Saarikko et al., 2020; Savastano et al., 2022). This explains why the failure rate 

of enterprises undergoing DT is as high as 87.5%—due to unrealistic expectations, limited scope, and poor governance (Wade 

& Shan, 2020)—as little is known about how DT works (Kraft et al., 2022). As a result, these realities likely elevate SMRs’ 

concerns and frustrations because there is a proven approach to the DT process.  

Notwithstanding the challenges of the DT process, SMRs that are successful in implementing various technologies 

experience significant financial and operational rewards (Anthony et al., 2019). For this reason, how management decides to 

allocate its resources has become an important issue if a firm plans to pursue digital transformation (Li et al., 2024). To 

accelerate the DT process in SMRs and reduce any attendant risk of failure in its implementation, this study integrated two 

Multi-Criteria Decision Making (MCDM) methods to evaluate objectively critical factors (CFs) affecting DT in such retail 

enterprises. Using the Technology-Organization-Environment (TOE) framework (Tornatzky et al., 1990), we reviewed the 

extant literature regarding the salient factors that have been found to impact DT; we did so to establish a factor hierarchy 

table and to determine the efficacy of this factor structure through expert interviews. Factor weights were found using Fuzzy 

Analytic Hierarchy Process (FAHP) (Van Laarhoven & Pedrycz, 1983). We next used the concept of acceptable advantages 

of VlseKriterijumska Optimizacija I Kompromisno Resenje (VIKOR) (Opricovic, 1998) to objectively determine the CFs. 

Lastly, we proffer a number of strategies for SMRs, DT solution providers, and relevant government agencies to accelerate 

the DT process among retailers. 

 

2. LITERATURE REVIEW 
 

Innovative business models arising from the adoption of digital technologies have fundamentally changed consumer 

expectations and behavior, putting enormous pressure on traditional players and disrupting numerous markets. At the 

corporate level, the capacity to deal with and leverage fast-growing innovative digital technologies has seemingly been 

insurmountable for some enterprises—such as SMRs—leading them to falter vis-à-vis adopters of such technologies. Failure 

of SMRs to engage DT—owing conceivably to its lack of prevalence among peer competitors whom to imitate, as well as 

the high costs and risks associated with it—likely leads them to experience adverse knock-on effects. Therefore, many studies 

have discussed the risks and adoptive factors of DT. These studies are reviewed in detail hereafter. 

Companies that go through the DT process are often forced to re-examine how they do business (Li, 2020). To adjust 

to DT demands, a company may experience dramatic changes in its technology requirements, security protocols, legal issues, 

talent capacity, competitors’ actions, and unintended market responses to its product offerings. At the same time, when 

responding to DT changes, companies need to modify their management structure and organizational culture as well as 

enhance their internal propensity to and capability for digitalization. In their study, Nicolás-Agustín et al. (2022) found that, 

to some extent, human resource (HR) practices moderate the relationship between strategic alignment and DT. They also 

observed that companies should implement HR practices that encourage the alignment of employee behavior with 

organizational strategy in order to produce superior performance in DT. In another study, AlNuaimi et al. (2022) determined 

that DT leadership and organizational agility have a positive impact on DT and DT leadership also affects organizational 

agility. Furthermore, Nasiri et al. (2022) identified digital maturity as a mediator between digital orientation and firm financial 

success and between digital intensity and firm financial success. And finally, Mendes et al. (2022) exposited eight factors—

economy, government, sustainability, infrastructure, technology, cooperation, change, and personnel/knowledge/skills—that 

affect the willingness and success of DT of enterprises.  

The retail industry is thus not immune to issues that arise during the DT process, such as adaptation to new technologies, 

data privacy issues, customer experience, competitive pressure, and employee training. Perhaps most significantly, when 

competitors digitalize aspects of their operations, a retailer may be forced to make significant changes within their 

organization (e.g., development of new products, services, processes) in order to compete (Endres et al., 2021). This usually 

necessitates the commitment of financial and human capital just to ensure that aspects of the DT process can be implemented. 

In their study, Lokuge et al. (2019) proposed an Organizational Readiness for Digital Innovation (ORDI) construct that 

includes seven factors that are needed for the successful implementation of digital innovation. These factors are resource 
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readiness, IT readiness, cognitive readiness, partnership readiness, cultural readiness, strategic readiness and innovation 

valence. Retailers that neglect one or more of these readiness factors will likely slow down the diffusion rate of any new 

technologies. 

In the past, research dealing with the implementation of digital technologies has been conducted on large corporations 

(Cenamor et al., 2019) and on innovative firms, digital startups, and high-tech giants (Ghezzi & Cavallo, 2020). However, 

only a few studies have focused on the adoption of digital technologies by SMEs and micro-enterprises. Past research has 

often focused only on the digital transformation models of medium and large enterprises. Li (2020) observed that a group of 

global digital leaders at the forefront of digital transformation (including Amazon, Alibaba, Baidu, Google, JD.com, Uber, 

VMware, and Slack) have achieved success in digital transformation by (1) innovating through experimentation; (2) 

undergoing radical transformation through continuous and gradual changes; and (3) gaining dynamic and sustainable 

advantages through constantly evolving combinations of temporary advantages. Notably, the challenge for the retail industry 

in implementing such DT strategies is its more limited human and financial resources. 

To be of singular value, research on the development of DT should be comprehensive, and it should be implemented 

from multiple perspectives, such as technology, organization, and environment (Song et al., 2022; He et al., 2024; Leso et 

al., 2024). Through its application, Tornatzky et al. (1990) TOE framework can help companies improve the planning and 

execution of DT strategies. Therefore, research on CFs has usually used the TOE framework as a research tool (Baker, 2021). 

Although scholars have chiefly employed TOE as their theoretical basis, they have tended to embrace the technology 

acceptance model (TAM) or structure equation modeling (SEM) plus the TOE framework when investigating CFs.  

Our review of the foregoing studies revealed two key gaps in the DT literature. One pertains to the need to identify the 

CFs and their importance (i.e., weight). The second revolves around the issue that CFs entail an MCDM problem. Most extant 

work has utilized multiple regression analysis or SEM to uncover the CFs. Although the β value of multiple regression 

analysis or SEM can represent the importance (or weight) of the factors, errors or collinearity problems may occur when 

estimating it (Hair et al., 2009). Moreover, the identification of the CFs in existing investigations has been mainly based on 

the subjective judgment of the researcher, so the objectivity of that identification can be readily challenged. Furthermore, the 

use of multiple regression analysis or SEM in prior work has been limited by its theoretical model and thus has been unable 

to explore multiple factors concurrently. A crucial requirement when ascertaining CFs is to extract several CFs based on their 

importance among multiple influencing factors. Finding a few CFs from a broad set of factors may be more comprehensive 

than finding a few CFs from a small set of factors.  

Past research, particularly that employing the TOE (Technology-Organization-Environment) framework (Baker, 2021), 

emphasizes that driving factors do not exist in isolation but rather form a systemic network. As past research has pointed out, 

external driving factors, such as competitive pressures from peers and customer demands (Ashton et al., 2017; AlNuaimi et 

al., 2022), generate the need for change. However, these demands are often constrained by internal driving factors, such as 

the adequacy of organizational resources and the support of senior management. During the digital transformation process, a 

lack of high-level support and environmental pressures can lead to "strategic anxiety" rather than genuine transformation. 

Technology in digital transformation is often an enabler rather than the primary driver. While digital infrastructure is a 

prerequisite, the adoption of technology may be impeded by a lack of resources or sustained motivation; therefore, the 

adoption of technology still requires the cooperation of the organization and the environment. The digital transformation (DT) 

of small and medium-sized retailers (SMRs) is chaotic and complex, with intricate interactions among its various drivers. 

These drivers often overlap but can also produce mutually exclusive effects. The motivation for adopting the hybrid FAHP-

VIKOR approach stems from the complexity, interdependence, and conflict of these drivers (Jing et al., 2024). Traditional 

linear models often fail to capture the interactions between these drivers. Integrating these two multi-criteria decision-making 

(MCDM) approaches allows researchers to move beyond simple identification and delve into the realm of strategy 

prioritization. 

In this study, we attempt to overcome the aforementioned weaknesses of previous research. To do so, we adopted TOE 

as the theoretical framework and collected factors to construct a three-level factor table. We utilized the MCDM tool FAHP 

to determine the weight of each factor. Then, we applied the concept of acceptable advantage of VIKOR to objectively 

identify the CFs. According to Saaty (1980), the number of criteria for each level in the three-level factor hierarchy table 

should not exceed seven so as not to affect the consistency of the results. Therefore, based on our review of previous literature 

on factors affecting DT and information and communication technology innovation, we summarized the findings of our 

review into a hierarchical factor with three dimensions of TOE. The first layer was technology, organization, and environment 

in sequence. The second layer subdivided each facet of the target layer into three facets. Technological factors were divided 

into DT tools, trust in DT technology, and DT data. Organizational factors were categorized into organizational capabilities, 

organizational characteristics, and organizational support. Environmental factors were partitioned into macro environment, 

industrial environment, and business environment. Finally, the three-hierarchy layer was segmented into 27 factors as shown 

in Table 1. 
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Table 1. Three hierarchy factor table 

 

This study employed the literature review process recommended by the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) (Parums, 2021). Literature was searched in the following databases: Web of Science 

(Thomson Reuters), Science Direct, MDPI, Emerald Insight, SSRN, Taylor & Francis, Google Scholar, etc. Researchers used 

Boolean logic for English literature searches, employing OR for similar terms and AND for key concepts. Based on the four 

main research objectives of this study, Digital Transformation, Technology, Organizational and Environment, the following 

keywords were set for the search:  

(1) DT tools, Trust of DT technology, DT data (also including Technology usefulness, Technology ease of use, 

Technology compatibility, System security, System integrity, System reliability, Data acquisition difficulty, Data 

usefulness, Data complexity);  

(2) Organizational capability, organizational characteristics, organizational support (also including Organizational 

dedicated departments, Organizational innovation capability, Organizational cross-departmental engagement, 

Organizational scale, organizational culture, Organizational goals and vision, Support from senior executives, 

Organizational investment resources, Organizational acceptance);  

(3) Macro-environment, Industrial environment, Business environment (also including Laws and regulations, digital 

infrastructure, government incentives, Industry competitive pressure, Industrial intelligence mastery, Industrial 

characteristics, Customer requests, Establishment of differentiated capabilities, Pressure from peer competition).  

  

Goal layer Target layer Criteria layer References 

Technology 

DT tools 

Technology usefulness Tahar et al., 2020 

Technology ease of use Iriani & Andjarwati, 2020 

Technology compatibility Lokuge et al., 2019 

Trust of DT technology 

System security Li, 2020; Lu & Wu, 2024 

System integrity Abosata et al., 2021 

System reliability Li, 2020 

DT data  

Data acquisition difficulty Reinartz et al., 2019 

Data usefulness 
Reinartz et al., 2019; Sharifi et 

al., 2025 

Data complexity Parsons et al., 2011 

Organizational 

Organizational capability 

Organizational dedicated departments  Singh et al., 2020 

Organizational innovation capability 
Nilssen, 2019; Savastano et al., 

2022 

Organizational cross-departmental 

engagement 

Nicolás-Agustín et al., 2022 

Organizational 

characteristics 

Organizational scale Wade & Shan, 2020 

Organizational culture Saarikko et al., 2020 

Organizational goals and vision Wade & Shan, 2020 

Organizational support 

Support from senior executives  
AlNuaimi et al., 2022; Li et al., 

2024 

Organizational investment resources Nasiri et al., 2022 

Organizational acceptance 
Mendes et al., 2022; Leso et al., 

2024 

Environment 

Macro- environment 

Laws and regulations Li, 2020; Li et al., 2024 

digital infrastructure Su et al., 2024 

government incentives Mendes et al., 2022 

Industrial environment 

Industry competitive pressure Li, 2020 

Industrial intelligence mastery Bouncken et al., 2021 

Industrial characteristics Sundaram et al., 2020 

Business environment 

Customer requests AlNuaimi et al., 2022 

Establishment of differentiated 

capabilities 

Saarikko et al., 2020 

Pressure from peer competition Ashton et al., 2017 
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The inclusion and exclusion criteria for this literature review are as follows. Inclusion criteria are: 

(1) At least Digital Transformation, Technology, Organization and Environment;  

(2) Research topics include Fuzzy Analytic Hierarchy Process and VIKOR; 

(3) Research literature with qualitative or quantitative data analysis. 

 

Exclusion criteria were:  

(1) Non-research literature, such as books, reader reviews, editorial opinions, literature reviews, etc., that do not 

contain research data;  

(2) Literature with only abstracts (e.g., conference papers);  

(3) Literature that only discusses legal provisions. Using the established search strategy and the designated literature 

database, the initial search results were 563 articles. After removing 75 duplicate papers, the authors, from 488 

papers, used a title and abstract screening process to exclude 391 papers that were irrelevant to the research topic, 

leaving 97 papers for full-text screening. The authors read the full text of the 97 papers, excluding 71 papers that 

did not meet the literature selection criteria, leaving 26 papers that matched the topic. 

 

3. METHOD 
 

As noted earlier, obtaining the CF weights is an MCDM problem. Among the MCDM tools for determining the weights, the 

analytic hierarchy process (AHP) is the most commonly used (Saaty, 1980). However, the AHP method also has some 

deficiencies; these include reliance on expert opinion, subjectivity of weight calculation, and lack of consideration of 

uncertainty and risk (Munier & Hontoria, 2021). To solve these problems, Van Laarhoven & Pedrycz (1983) introduced 

fuzziness into AHP and then proposed the fuzzy analytical hierarchy process (FAHP) to solve the problem that AHP cannot 

consider the fuzziness of human thinking. FAHP takes into account the uncertainty of the problem, multiple criteria, and 

opinions of expert decision makers—especially when there are a large number of decision criteria and alternatives. FAHP 

not only avoids the limitation wherein pairwise comparison values are too subjective, but it also addresses the issue 

concerning inaccurate results (Balamurugan & Ranjitharamasamy, 2023; Balamurugan & Ranjitharamasamy, 2024).      

Accordingly, we used FAHP to discern the factor weights. 

Selecting CFs from many factors, however, is difficult, as some factors might have very similar weight values; therefore, 

we would have likely encountered challenges in readily choosing the CFs. Wu et al. (2009), however, have suggested that 

VIKOR can be used to resolve this difficulty. Given the aforementioned, we integrated two MCDM methods (FAHP and 

VIKOR) to evaluate the CFs. Chang et al. (2023) used eclectic theory as a framework. The fuzzy analytic hierarchy process 

(FAHP) and the concept of the VIKOR acceptable advantage were used to obtain the weights of the CFs and to identify the 

CFs objectively. The FAHP-VIKOR process is shown in Figure 1. Our research was conducted in seven steps, as described 

below. 

 

 
 

Figure 1. FAHP-VIKOR process 
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Step 1: Construct the hierarchical structure of elements and design expert questionnaires 

 

A literature review on factors influencing DT adoption was undertaken. It revealed related factors influencing DT. These 

factors were then applied to the TOE framework to sort the factors, establish a hierarchical factor table, and design a survey 

to be distributed to experts. 

 

Step 2: Establish fuzzy numbers 

 

Generally speaking, there are two main methods to establish fuzzy numbers after the collection of questionnaires from experts. 

One is triangular fuzzy, and the other is trapezoidal fuzzy. Triangular fuzzy numbers may not be able to adequately capture 

the important factors that decision makers care about and are influenced by during decision-making. Therefore, such fuzzy 

numbers may lead to less accurate decision results (Dong et al., 2021). Compared with other fuzzy numbers, trapezoidal 

fuzzy numbers are more expressive; this is because they describe the degree of uncertainty of a variable and the distribution 

of uncertainty (Dombi & Jónás, 2020). Therefore, we used trapezoidal fuzzy numbers in this study. The following is the 

mathematical definition and formula explanation of trapezoidal fuzzy numbers. 

 

(1) Definition of a Trapezoidal Fuzzy Number 

 

A trapezoidal fuzzy number is typically represented as \widetilde{A}= (a, b, c, d), where a\le b\le c\le d. The four parameters 

represent: 

a and b: the lower and upper bounds of the fuzzy number (the endpoints of the support set) 

c and d: the intervals with a membership degree of 1 (the core part) 

 

(2) Membership Function: Equation (1) 

 

Membership function 𝜇𝐴(𝑥) =

{
 
 

 
 

0,      𝑥 < 𝑎
𝑥−𝑎

𝑏−𝑎
,   𝑎 ≤ 𝑥 < 𝑏

1,     𝑏 ≤ 𝑥 ≤ 𝑐
𝑑−𝑥

𝑑−𝑐
, 𝑐 < 𝑥 ≤ 𝑑

0,    𝑥 > 𝑑

. (1) 

 

(3) Defuzzification 

 

In FAHP, the trapezoidal ambiguity numbers ultimately need to be converted into sharp values (Crisp values) for sorting. 

The most commonly used method is the Centroid Method, and the commonly used deblurring Equation (2): 

 

𝑃(𝐴̃) =
𝑎+2𝑏+2𝑐+𝑑

6
. (2) 

 

Step 3: Establish a fuzzy positive reciprocal matrix 

 

Buckley (1985) averred that when calculating fuzzy weights, the column vector geometric mean method can be used. As 

such, the fuzzy weight of the fuzzy positive reciprocal matrix can be obtained, and the purpose of regularization can also be 

achieved. The method of establishing the positive reciprocal matrix through the trapezoidal fuzzy number is similar to the 

traditional AHP, but FAHP uses the vector method to represent the value in the matrix instead of the geometric mean. When 

the number of factors discussed is two, the matrix is 2x2; when the number of factors is three, it is 3x3; and so on. Therefore, 

the fuzzy positive reciprocal matrix can be constructed according to the definition of trapezoidal fuzzy numbers, and then the 

fuzzy weights can be obtained as noted below in Equation (3). 

 

Let 𝑎𝑖𝑗̅̅̅̅ = 1, when  i = j,     𝐴̅ = ⌊𝑎𝑖𝑗̅̅̅̅ ⌋ (3) 

 

where 𝑎𝑖𝑗̅̅̅̅ = (𝛼𝑖𝑗 , 𝛽𝑖𝑗 , 𝛾𝑖𝑗 , 𝛿𝑖𝑗) When 𝑖 < 𝑗 then  𝑎𝑖𝑗̅̅̅̅ = (𝑎𝑗𝑖̅̅ ̅) − 1, with 𝑖 > 𝑗, 

where  (𝑎𝑗𝑖̅̅ ̅) − 1 = (
1

𝛿𝑖𝑗
′
1

𝛾𝑖𝑗
′
1

𝛽𝑖𝑗
′
1

𝛼𝑖𝑗
), I = 1, 2, 3, …, n. ; j =1, 2 , 3, …, n. 
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Step 4: Test Consistency 

 

To judge whether the expert questionnaire was appropriate, we conducted the consistency test of the eigenvectors on the 

questionnaire results. Because the importance of the factors between each level is different, testing whether the entire 

hierarchy is consistent is necessary, as noted in Equation (4). 

 

C.R. = C.I./R.I.; C.I. = (λmax – n)/(n-1) (4) 

 

CR is the Consistency Ratio, CI is the Consistency Index, and RI is the Random Index. After obtaining the CI and RI, CR 

can be calculated to test the consistency. Saaty (1980) suggested that CR ≤ 0.1 is the acceptable level, that λmax is to maximize 

the eigenvector of the pairwise comparison matrix, that n is the number of items in this matrix, and that RIn is a random 

index. All RIn values are shown in Table 2 (Aguarón & Moreno -Jiménez, 2003). 

 

Table 2. Random Index table 

 

n 3 4 5 6 7 8 9 10 11 12 13 14 

RIn 0.525 0.882 1.115 1.252 1.341 1.404 1.452 1.474 1.513 1.535 1.555 1.570 

 

Step 5: Build the starting matrix 

 

In the FAHP method, how to use the fuzzy positive reciprocal matrix established in the previous step is utilized to calculate 

the fuzzy weight. First, the fuzzy positive reciprocal matrix is employed as the starting matrix for operation, and the 

eigenvectors and eigenvalues of the starting matrix are obtained. Next, to convert these eigenvalues into comparable 

standardized values, standardization processing is required to obtain the standardized eigenvalues. 

 

Step 6: Defuzzy number (α-cut) 

 

This study used the α-cut and geometric mean to solve the fuzzy problem. Csutora & Buckley (2001) proposed the α-cut to 

determine the interval value of the fuzzy weight for each factor. This method has three advantages. First, it can handle any 

type of paired fuzzy numbers. Second, it does not need to be calculated, as only the vector value and eigenvalue of the positive 

matrix are needed. Third, compared with other methods, it can reduce ambiguity (Csutora & Buckley, 2001). After obtaining 

the fuzzy weight interval value of each factor (W*0l, W*1l, W*1u, W*0u) by using α-cut, the geometric mean is used to 

solve the fuzzy weight interval of each factor into a clear weight value (W*). 

 

Step 7: Calculating the overall weights serially 

 

After the weight calculation of each factor level is completed, the weight value is standardized to obtain the regional (i.e., 

local) weight, and then the regional weight values of different levels are concatenated to arrive at the global factor weight 

value. Next, the VIKOR indicator value (Q_j) is calculated using Equation (7). Sensitivity analysis is performed after the 

VIKOR ranking is completed. The \nu value is changed (from 0.1 to 0.9), or the criterion weights are adjusted, and the ranking 

is observed to see if there are any drastic changes. If not, it means that the ranking results of the factors are stable and reliable. 

 

(1) Determine the best f_j^\ast and the worst f_j^- values of all criterion functions, i = 1, 2,...,n; 

 

𝑓𝑗
∗ = max

𝑗
𝑓𝑖𝑗 , 𝑓𝑗

− = min
𝑗
𝑓𝑖𝑗 , if the i-th function represents a benefit; 

𝑓𝑗
∗ = 𝑚𝑖𝑛

𝑗
𝑓𝑖𝑗 , 𝑓𝑗

− = 𝑚𝑎𝑥
𝑗
𝑓𝑖𝑗 , if the i-th function represents a cost; 

 

(2) Compute the values Sj and Rj, j = 1, 2,...,J, by the relations 

 

𝑆𝑗 = ∑ 𝑤𝑖
𝑓𝑖
∗−𝑓𝑖𝑗

𝑓𝑖
∗−−𝑓𝑖

−
𝑛
𝑖=1 , (5) 

 

𝑅𝑗 = 𝑚𝑎𝑥
𝑖
[𝑤𝑖

𝑓𝑗
∗−𝑓𝑖𝑗

𝑓𝑖
∗−−𝑓𝑖

−], (6) 
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where wi are the weights of criteria, expressing the DM’s preference as the relative importance of the criteria. 

 

(3) Compute the values 𝑄𝑗 , j = 1, 2,...,J, by the relation 

 

𝑄𝑗 = 𝜈
𝑆𝑗−𝑆

∗

𝑆−−𝑆∗
+(1 − 𝜈)

𝑅𝑗−𝑅
∗

𝑅−−𝑅∗
, (7) 

 

where 𝑆∗=minjSj, 𝑆−=maxjSj, 𝑅∗=minjRj, 𝑅−=maxjRj; and 𝜈 is introduced as a weight for the strategy of maximum group 

utility, whereas 1-𝜈 is the weight of the individual regret. 

 

(4) Rank the alternatives, sorting by the values S, R and Q in decreasing order. The results are three ranking lists. 

 

Step 8: Determine CFs 

 

Propose as a compromise solution the alternative (𝐴(1)) which is the best ranked by the measure Q (minimum) if the 

following two conditions are satisfied: 

 

C1. Acceptable advantage: 

 

𝑄(𝐴(2)) − 𝑄(𝐴(1)) ≥ 𝐷𝑄, where A(2) is the alternative with second position in the ranking list by Q; DQ = 1/(J-1). 

 

C2. Acceptable stability in decision making: 

 

The alternative A^{(1)} must also be the best ranked by S or/and R. This compromise solution is stable within a decision-

making process, which could be the strategy of maximum group utility (when \nu > 0.5 is needed), or “by consensus” 

\nu\approx0.5, or “with veto” (\nu<0.5). Here, \nu is the weight of decision making strategy of maximum group utility. If one 

of the conditions is not satisfied, then a set of compromise solutions is proposed, which consists of 

• Alternatives 𝐴(1)and 𝐴(2) if only the condition C2 is not satisfied, or 

• Alternatives 𝐴(1) , 𝐴(2) ,..., 𝐴(𝑀)  if the condition C1 is not satisfied; 𝐴(𝑀)  is determined by the relation 𝑄(𝐴(𝑀)) −
𝑄(𝐴(1)) < 𝐷𝑄 for maximum M (the positions of these alternatives are “in closeness”). 

The symbols used in the equation must be defined before the equation appears. Equations should be numbered consecutively, 

beginning with (1) to the end of the paper.  The number should be enclosed in parentheses and set flush right in the column 

on the same line as the equation. An extra line of space should be left above and below a displayed equation or formula. 

Equation number should be right-justified. All the units used in this journal must follow Système International (SI) for units 

of measurement. 

 

4. SURVEY OF EXPERTS 
 

In this study, an expert questionnaire was designed to compare two factors based on the previous hierarchical structure table. 

It was emailed to experts in SMRs with the assistance of the chairman of the Association of Chain and Franchise Promotion, 

Taiwan. All 500 members in the association received the survey. A total of 44 questionnaires were returned. After the 

questionnaires were collected, we performed a consistency test on the questionnaires to confirm whether the results met the 

requirements for transferability. We confirmed that both the CI and CR values were less than 0.1, thus meeting the consistency 

principle. The final test results showed that 9 questionnaires did not meet the consistency requirement. Therefore, 35 valid 

questionnaires were used in our analyses. 

Because FAHP is not based on statistical methods, its major advantage is that it does not require a large sample size. 

Therefore, its focus is on whether a sample correctly represents the overall image of the population, rather than whether there 

are enough sampling units (Duke & Aull-Hyde, 2002). Therefore, the FAHP sampling method involves intentional sampling. 

Intentional sampling is a non-probability sampling method that selects sample elements using the researcher's judgment. 

Researchers generally agree that a representative sample can be obtained through sound judgment, thus reducing time and 

cost (Black, 2010). Regarding the sample size for the expert questionnaire, Delbecq et al. (1975) stated that 15 to 30 is a 

reasonable sample size if the sample is highly homogeneous. The highly homogeneous 35 experts completing their 

questionnaires evinced such homogeneity. 
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4.1. Factor weights 

 

Using the valid 35 questionnaires, the weights of factors at each level were calculated using the Excel software of FAHP, as 

shown in Table 3. The higher the weight, the greater the degree of influence. Conversely, the lower the weight, the less the 

degree of influence; factors in brackets are the order of importance. 

 

Table 3. Overall weights of hierarchy table factors 

 

A 

 Goal layer 

weights 

B 

 Criteria layer 

weights 

C=A×B Sub-criteria layer 

D 

Sub-

criteria 

layer 

weights 

E=C×D Ranking 

Technology 

0.1939 

DT tools 

0.3009 
0.0583 

Technology usefulness 0.2425 0.0141 23 

Technology ease of use  0.4708 0.0274 15 

Technology compatibility 0.2865 0.0167 22 

Trust of DT 

technology 

0.4706 

0.0912 

System security 0.4923 0.0448 10 

System integrity 0.1337 0.0121 25 

System reliability 0.3738 0.0340 13 

DT data 0.2283 0.044 

Difficulty of obtaining data 0.2876 0.0126 24 

Data usefulness 0.5290 0.0232 17 

Data complexity 0.1832 0.0080 26 

Organizational 

0.3033 

Organizational 

capability 

0.2368 

0.0718 

The establishment of a 

dedicated department 
0.2463 0.0177 21 

Organizational innovation 

capability 
0.3159 0.0226 18 

Organizational cross-

departmental engagement 
0.4376 0.0314 14 

Organizational 

characteristics 

0.1622 

0.0491 

Organizational scale 0.1412 0.0069 27 

Organizational Culture 0.4129 0.0202 20 

Organizational goals and vision 0.4458 0.0218 19 

Organizational 

support 0.6008 
0.1822 

Support from Senior Executive  0.4563 0.0831 2 

Organizational resources 0.3126 0.0569 5 

Organizational acceptance 0.2309 0.0420 11 

Environment  

0.5027 

Macro  

environment 

0.2989 

0.1502 

Laws and regulations 0.3723 0.0559 7 

Digital infrastructure 0.3926 0.0589 4 

Government incentives 0.2350 0.0352 12 

Industrial 

environment 

0.2596 

0.1305 

Industry competitive pressure 0.3642 0.0475 9 

Industrial intelligence mastery 0.2053 0.0267 16 

Industrial characteristics 0.4303 0.0561 6 

Business 

environment  

0.4413 

0.2218 

Customer requests 0.2425 0.0537 8 

Establishment of differentiation 

capabilities 
0.4708 0.1044 1 

Pressure from peer competition 0.2865 0.0635 3 

 

This research provides a systematic behavioral analysis of the driving factors behind Digital Transformation (DT) in 

Taiwanese Small and Medium-sized Retailers (SMRs). Compared to similar economies, the drivers in the Taiwanese context 

exhibit unique behavioral patterns, primarily characterized by the fact that environmental factors and organizational support 

hold significantly greater weight than purely technical considerations. Please see the Hierarchical TOE Framework of Digital 

Transformation Drivers (Figure 2). The following sections detail the specific systematic behavioral differences of the driving 

factors in Taiwan: 

 

(1) Precedence of Environmental Drivers over Technological Drivers (Environment over Technology). In most global 

economic studies on DT, technological maturity or system security are typically viewed as core catalysts. However, 

within the systemic behavior of Taiwanese SMRs, the "Environment" emerges as the most powerful driver. Because the 
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Taiwanese retail market is hyper-saturated and intensely competitive, enterprises do not adopt digitalization merely for 

technical upgrades; rather, DT is perceived as a "survival strategy." Consequently, the ability to establish "differentiation 

capabilities" carries the highest weight ($0.1044$, ranked 1st) to ensure competitive advantages in a crowded market. 

Furthermore, pressure from peer competition and customer requests (ranked 3rd and 8th, respectively) compel a 

systemic response. This suggests that transformation in Taiwanese firms is often a reactive response to external 

environmental shifts rather than a proactive predisposition toward technological innovation. 

 

(2) Management Support as the Strategic Pivot (Management as the Pivot): While DT in many developed economies may 

be initiated by technical pushes from IT departments, in Taiwan, " Support from Senior Executives" (ranked 2nd) serves 

as the central pivot for success. Since Taiwanese SMRs generally face resource constraints, DT is viewed as a high-risk 

decision. Without explicit support and involvement from senior leadership, the transformation system often stagnates 

due to internal cultural resistance and inertia. Additionally, "Resource Allocation" (ranked 5th) is prioritized over 

specific technology selection, indicating that the key to successful transformation in Taiwan lies in how internal 

resources are mobilized to align with environmental demands and digital needs. 

 

(3) Macro-environmental Dependency: The analysis reveals a high sensitivity toward external public infrastructure and 

legal frameworks. This underscores the vital role of the government, as "Digital infrastructure" (ranked 4th) and "Laws 

and Regulations" (ranked 7th) are identified as critical factors. Taiwanese SMRs tend to initiate transformation only 

within a "stable and legal framework." Given that Taiwanese SMRs generally experience "anxiety" and perceive 

"prohibitive costs" regarding DT, government subsidies, incentives, and clear regulatory guidelines are essential to 

lowering perceived systemic risks, serving as a necessary prerequisite for progress. 

 

Compared with similar economies, the DT driver system of Taiwanese SMRs is characterized by external pressures 

driving internal commitment. While technical attributes (such as system security or ease of use) are important, they do not 

occupy the most critical tier in the system hierarchy. Taiwanese enterprises place greater emphasis on whether the 

transformation can yield a competitive market advantage and whether leadership is willing to commit resources to meet 

external environmental challenges. 

 

 
 

Figure 2. Hierarchical TOE Framework of Digital Transformation Drivers 
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4.2. Identification of CFs 

 

The purpose of VIKOR's concept of acceptable advantages is to identify a set of feasible solutions gradually (based on Table 

3). To avoid too many extraction steps, the CFs must be ranked prior to the importance of the factors. As such, 14 important 

factors (with weights greater than 0.03) were identified. The remaining 13 secondary factors. Next, we applied the VIKOR 

acceptable advantage concept to extract CFs from important factors. We first determined the break value through the 

following equation: i=1…n, for example, the break value (2) = (0.1044 − 0.0831)/(0.1044 − 0.0314) = 0.2918. Through this 

process, the break values for all 14 alternatives were obtained (Table 4). 

Daniel (1961) argued that most industries have three to six CFs. However, Fu et al. (2022) reviewed the literature on 

CFs and noted that the CFs obtained in most studies have been between four and six. Therefore, in this study, VIKOR's 

concept of acceptable preponderance was used in the process of identifying CFs to stop the extraction process immediately 

after more than four CFs were identified and their cumulative weight exceeded 50% (Hsu et al., 2020). When four CFs were 

not measured, and the cumulative weight did not exceed 50%, extraction continued. 

 

Table 4. Extraction process of VIKOR 

 

Sub-criteria weights 

1st Extraction 2nd  Extraction 3rd  Extraction 4th Extraction 

Break 

value 
TD 

TD ≥ 

DQ 

Break 

value 
TD 

TD ≥ 

DQ 

Break 

value 
TD 

TD ≥ 

DQ 

Break 

value 
TD 

TD ≥ 

DQ 

Establishment of 

differentiation 

capabilities 

0.1044 0.0000 0.2918 Yes          

Support from 

Senior Executives  
0.0831 0.2918 0.2685 Yes          

Pressure from peer 

competition 
0.0635 0.5603 0.0630 No 0.0000 0.1433 yes       

Digital 

infrastructure 
0.0589 0.6233 0.0274  0.1433 0.0623 no 0.0000 0.0727 No    

Organizational 

resources 
0.0569 0.6507 0.0110  0.2056 0.0249  0.0727 0.0291  0.0000 0.0314 No 

Industrial 

characteristics 
0.0561 0.6616 0.0027  0.2305 0.0062  0.1018 0.0073  0.0314 0.0078  

Laws and 

regulations 
0.0559 0.6644 0.0301  0.2368 0.0685  0.1091 0.0800  0.0392 0.0863  

Customer requests 0.0537 0.6945 0.0849  0.3053 0.1931  0.1891 0.2255  0.1255 0.2431  

Industry 

competitive 

pressure 

0.0475 0.7795 0.0370  0.4984 0.0841  0.4145 0.0982  0.3686 0.1059  

System security 0.0448 0.8164 0.0384  0.5826 0.0872  0.5127 0.1018  0.4745 0.1098  

Organizational 

acceptance 
0.042 0.8548 0.0932  0.6698 0.2118  0.6145 0.2473  0.5843 0.2667  

Government 

incentives 
0.0352 0.9479 0.0164  0.8816 0.0374  0.8618 0.0436  0.8510 0.0471  

System reliability 0.034 0.9644 0.0356  0.9190 0.0810  0.9055 0.0945  0.8980 0.1020  

Organizational 

cross-departmental 

engagement 

0.0314 1.0000   1.0000   1.0000   1.0000   

DQ=1/n  DQ=1/14=0.0714 DQ=1/12=0.0833 DQ=1/11=0.0909 DQ=1/10=0.1000 

 

Sub-criteria weights 

5th Extraction 6th Extraction 7th Extraction 

Break 

value 
TD TD ≥ DQ 

Break 

value 
TD TD ≥ DQ 

Break 

value 
TD 

TD ≥ 

DQ 

Establishment of 

differentiation capabilities 
0.1044          

Support from Senior 

Executives  
0.0831          

Pressure from peer 

competition 
0.0635          

Digital infrastructure 0.0589         Yes 
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Sub-criteria weights 

5th Extraction 6th Extraction 7th Extraction 

Break 

value 
TD TD ≥ DQ 

Break 

value 
TD TD ≥ DQ 

Break 

value 
TD 

TD ≥ 

DQ 

Organizational resources 0.0569         Yes 

Industrial characteristics 0.0561 0.0000 0.0081 No      Yes 

Laws and regulations 0.0559 0.0081 0.0891  0.0000 0.0898 No   Yes 

Customer requests 0.0537 0.0972 0.2510  0.0898 0.2531  0.0000 0.2780 Yes 

Industry competitive 

pressure 
0.0475 0.3482 0.1093  0.3429 0.1102  0.2780 0.1211 No 

System security 0.0448 0.4575 0.1134  0.4531 0.1143  0.3991 0.1256  

Organizational acceptance 0.042 0.5709 0.2753  0.5673 0.2776  0.5247 0.3049  

Government incentives 0.0352 0.8462 0.0486  0.8449 0.0490  0.8296 0.0538  

System reliability 0.034 0.8947 0.1053  0.8939 0.1061  0.8834 0.1166  

Organizational cross-

departmental engagement 
0.0314 1.0000   1.0000   1.0000   

DQ=1/n  DQ=1/9=0.1111 DQ=1/8=0.125 DQ=1/7=0.143 

 

From this extraction process, we found in the first extraction that two factors, TD ≥ DQ, so two CFs were extracted, but 

less than four CFs emerged, and their cumulative weight did not exceed 50%. Therefore, a second extraction was performed 

with an additional extraction of one CF. The second extraction produced three CFs, with a cumulative weight of 25.1%, not 

exceeding 50%. The third, fourth, fifth and sixth extractions were subsequently performed, but no CF was extracted because 

TD < DQ. This meant that the importance of the 4th to 7th factors was very similar and needed to be extracted concurrently 

as the next one. So, the seventh extraction found a CF (TD ≥ DQ); this inferred that the importance of the 5th to the 8th was  

very close to being extracted at the same time, so five CFs were extracted. A total of eight CFs were extracted through six 

extractions, with a cumulative weight of 53.25%, thus satisfying the cumulative weight of more than 50%. Although these 

eight CFs exceeded the principle of four to six, the weight difference of the four CFs obtained in the third to sixth extraction 

was very close, judging whether there was a significant difference in the weight difference was difficult to ascertain; this 

implied that these four factors should have been extracted together. Therefore, a total of eight CFs was obtained: establishment 

of differentiated capabilities (0.1044), support from senior executives (0.0831), pressure from peer competition (0.0635), 

digital infrastructure (0.0589), organizational resources (0.0569), industry characteristics (0.0561), laws and regulations 

(0.0559) and customer requests (0.0537). Figure 3 shows the cumulative weights of 27 Digital Transformation drivers. 

 

 
 

Figure 3. Cumulative Weights of Digital Transformation Drivers (27 factors) 
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5. DISCUSSION 
 

5.1. CFs ANALYSIS 

 

Using the acceptable advantage concept of VIKOR, eight key factors were extracted using the opinions of experts from SMRs 

in Taiwan. These findings emerged when considering DT through six extractions. Below, we discuss the key results vis-à-

vis SMRs. 

 

Establishment of differentiation capabilities. SMR executives believe that building differentiated capabilities is the most 

important CF in DT. Moreover, the establishment of differentiated capabilities can also help SMRs develop new products 

and services to meet the dynamic needs of their customers, thus potentially augmenting market share and profit. Developing 

differentiated competitiveness can be facilitated through a firm’s internal planning in order to foster employee engagement, 

DT stability, and technological consistency (Saarikko et al., 2020). Support from senior executives. When introducing DT, 

strong support from top management during a major change in a company (such as DT) induces subordinates to invest time 

and energy into the change and to take risks. Because top executives have the resources and ultimate decision-making power, 

they must motivate team members to embrace DT changes, facilitate the development of DT skills, and influence employees’ 

attitudes and decisions toward the DT process (Reis et al. 2018). 

 

Pressure from peer competition. Competitive peer pressure plays an important role in stimulating innovation, improving 

efficiency, ameliorating products and services, enhancing the overall level of the industry, and promoting market 

development. These issues likely to arise when introducing DT into a company. The resource-constrained transformation of 

SMRs is mainly due to reduced internal motivation owing to high cost and keen competition, rather than from the external 

motivation of social responsibility considerations (Ashton et al., 2017). Therefore, SMRs usually face pressures to imitate 

their competitors rather than to beat these competitors. 

 

Digital infrastructure. According to findings from Chawla & Goyal’s (2021) analysis of 18 studies that examined the impact 

of DT on organizations, applications and insights, operational processes, and social aspects, digital infrastructure construction 

is considered critical for DT success. However, the internal information infrastructure of SMRs tends to be relatively weak 

due to the maturity of their internal information capacities and the readiness of their personnel to launch and use DT. 

Consequently, this may militate against SMR's use of DT. 

 

Organizational resources. Improvement in service quality and customer satisfaction through DT is usually related to product 

innovation. However, resources must be invested with circumspection and on a relative basis—especially human and financial 

resources, which tend to be the weakest part of SMRs. This issue is one of the CFs for the DT in SMRs. This seemingly is 

because SMRs attach marked importance to DT’s return on investment and whether there is assistance from the government 

or from other external sources, from which they might reduce use of their own internal resources if they introduce DT. 

 

Industry characteristics. Industry characteristic has been identified as one of the CFs for DT in this paper. Industrial 

characteristics are one of the factors that enterprises must consider when implementing DT. Industrial characteristics affect 

such factors such as an enterprise's business model, competitive strategy, and customer needs; these, in turn, influence the 

success during the DT process. Vial (2021) mentioned that understanding the industrial characteristics of DT is crucial for 

introducing DT.  

 

Laws and regulations. Laws and regulations include intellectual property rights, personal data protection, consumer 

protection, etc. Relevant laws and regulations can avoid other issues related to regulatory differences between countries, in 

order to promote the cross-border flow of knowledge and services (Jouanjean et al., 2020). In short, laws and regulations are 

a CF for DT in SMRs as these require SMRs to improve security measures (privacy and security of personal information), 

meet mobile payment needs, and ensure interface accessibility. 

 

Customer requests. DT is related to customer needs, domain knowledge, and value dissemination. That is, when customers 

expect to manage the entire supply chain process, managing these functions becomes impossible in a firm without applications 

for DT (Andiyappillai, 2020). Therefore, the competitive environment of that firm is likely to be fierce, so retaining customers 

should be the focus of the company. Therefore, customer requirements can further drive the development of DT in 

organizations. Indeed, customer requirements are one of the important driving factors for implementing DT. 
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5.2. Managerial and Policy Implications 

 

The findings of our study offer managerial implications for SMRs as well as for government agencies. These implications 

flow from the eight CFs that were revealed in this study. 

First, the environmental context is critical for SMRs throughout the DT process. Among eight CFs, five belong to the 

environmental context, and two belong to the organizational context. This indicates that adjustments to the environmental 

context are foundational to the successful implementation of a new technology. And by implication, technology should not 

be the main driver of DT for SMRs. Instead, organizations should focus on the critical factors (i.e., establishment of 

differentiation capabilities, pressure from peer competition, digital infrastructure, industry characteristics, laws and 

regulations and customer requests) that ultimately determine the diffusion rate of digital technologies in SMRs. This seems 

to explain why many Taiwanese retailers still embrace a wait-and-see perspective concerning DT. While the environment 

acts as an external catalyst, prompting SMRs to initiate transformation for survival, the high weight of "digital transformation 

technology trust" (0.4706) indicates that technology plays a crucial internal filter or "gatekeeper" role in the transformation 

process. This subtle difference suggests that while external pressures dictate the necessity of corporate transformation, a lack 

of confidence in the reliability and security of technology remains a major psychological and operational obstacle to the 

transformation process. This orientation may be because the benefits of DT are not sufficiently clear, or because there are not 

many cases of successful DT in SMRs. Another possibility is that management continues to cling to a passive mentality: that 

is, they are waiting to face external environmental factors (e.g., changing customer requirements, threats from competitive 

peer pressure) before introducing DT. The nascent stage of SMRs’ use of DT may necessitate government assistance in 

accelerating the employment of DT in SMRs. 

Second, organizational executives need to “think and act” like entrepreneurs so that implementing digital technologies 

becomes more experimental in practice. For instance, an SMR can test the impact of a new technology in just one retail store 

to better understand some of the environmental and organizational issues that occur from introducing the technology. Of 

course, executives must continually keep up with changes in technology, industry, competition, customer needs, and the 

digital ecosystem. But employing a continuous improvement strategy that is rooted in this kind of experimentation process 

can help the SMR stay competitive and adapt to any requisite changes within its corporate culture. Continually experimenting 

with new ideas and strategies vis-à-vis transformations in the market and customer needs may conceivably assist in reducing 

risks. Furthermore, doing so might enable SMRs to adapt to market changes faster, sustain their competitive edge, and achieve 

long-term success. 

SMRs tend to lack resources for promoting DT. SMRs require an increased willingness to invest in DT. However, they 

are prone to having insufficient resources to do so. An array of resources is needed for DT success. The resources required 

include material assets and manpower. In addition, senior executives’ support and talent are requisite, but these are often 

scarce in SMRs. For example, few SMRs’ executives have "technical vision and DT" and the ability to change, let alone 

general talents. As such, if SMRs wish to introduce DT, they should cultivate the required DT skills in their executives. With 

strong support from top management for DT, subordinates should become more cognizant of how and where to invest time 

and energy in this change. 

Finally, SMRs need to receive support from their respective governments. Currently, SMRs have little understanding 

of DT and the long-term benefits of implementing DTs. Government can play a key role in the guidance and facilitation of 

DT in SMRs. Efforts should include developing appropriate policies and regulations and providing relevant support and 

resources (e.g., a sound digital infrastructure) to promote DT in SMRs. In addition, the government can assist in the 

establishment of an expert advisory group to provide guidance and advice to SMRs; such a group could endeavor to improve 

DT skills and knowledge in such firms. The government could additionally seek to help SMRs address the challenges and 

problems associated with introducing DT. 

 

5.3. Limitations and Future Study 

 

This study has certain limitations. First, only SMRs in Taiwan were surveyed. However, due to geographical restrictions, 

different regions have different levels of digital infrastructure and informatization. Relatedly, culture varies across countries 

and regions. Therefore, our results may not be generalizable to other locales. Second, this study mainly focused on SMRs, 

but the research results may be different in different industries. We recommend additional in-depth research on DT. Scholars 

could consider undertaking investigations in various industries and in different countries and regions. Such studies should be 

conducted in industries having an array of industrial characteristics and scales. 
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6. CONCLUSION 
 

The current perspective of Taiwanese SMRs concerning DT is influenced by many factors. Most of these SMRs remain on 

the sidelines, failing to introduce DT, or are passive about doing so. Therefore, successfully integrating DT technology into 

SMRs remains seemingly elusive. For this reason, to accelerate the introduction of DT in SMRs, we reviewed previous 

literature and identified 27 important factors vis-a-vis introduction of DT in such firms. We further sorted these 27 factors 

into a three-level factor hierarchy table and then applied the two MCDM tools of FAHP and VIKOR to extract eight CFs that 

need to be considered when introducing DT in SMRs. We also analyzed the various factors and then offered practical 

implications as a relevant reference for implementing DT in SMRs. 

Our broad conclusion is that SMRs should design strategies, allocate resources, and avoid important failures when 

launching DTs. Our findings also provide DT solution providers with detailed information on SMR’s predispositions toward 

DT, which should allow them to develop more effective implementation measures and to provide any necessary assistance 

during the DT process. Our results should also help government policy makers better understand the issues that are inhibiting 

the adoption of DT in SMRs. If a government opts to offer requisite support to SMRs, the risk of DT failure in SMRs may 

be reduced, and the introduction of DT in SMRs accelerated. Finally, it is important to note that our study only focused on 

SMRs in Taiwan. Additional studies are needed to better understand the critical factors (CFs) to the digital transformation 

process for retailers in other countries. 
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