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Abstract: In this study, we addressed the critical challenge of digital transformation (DT) strategy 

evaluation in the tourism industry. While the literature extensively discusses DT’s importance, it lacks 

quantitative frameworks for systematic strategy prioritization under varying market conditions, 
leaving practitioners without actionable decision-support tools. Therefore, we presented a 

comprehensive hierarchical decision support system that integrates the Analytic Hierarchy Process 

(AHP) with robust sensitivity analysis. The analysis identified “Digitalized Customer Preferences” as 
the paramount success factor and “Business Model Transformation” (BMT) as the optimal strategy. 

Critically, sensitivity analysis revealed a 78.68% threshold for “Digital Consumer Demand”, where 

strategic priorities shifted from BMT to product-service optimization. These findings advance DT 
theory through dynamic, threshold-based strategy frameworks while providing tourism managers with 

quantitative guidance for adaptive strategic decision-making based on market dynamics. 
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1. Introduction 

Since the importance of digital transformation (DT) has increasingly been recognized by 

governments and businesses worldwide following the rise of numerous digital technologies, many 

scholars have consolidated the technologies influencing DT into the acronym SMACIT [1], which 
stands for Social [2,3], Mobile [4,5], Analytics [6,7], Cloud [8,9], and Internet of Things (IoT) [4,10]. 

These digital technologies have significantly impacted various industries, including the tourism 

industry [11]. The application of these technologies can establish new business models, processes, and 
systems, bringing more profit, greater competitive advantage, and higher business efficiency to 

organizations [5]. As an essential component of the digital economy, the tourism industry can leverage 

these digital technologies to streamline service processes and enhance customer experience [11]. While 
these digital technologies have laid the foundation for transformation across industries, the COVID-

19 pandemic has emerged as a critical catalyst that fundamentally reshaped the urgency and trajectory 

of DT in the tourism sector. 
During COVID-19, many businesses faced challenges such as economic recession and 

operational disruptions, necessitating a quicker adoption of digital technologies. This enabled 

companies to maintain operations through remote work, video conferencing, and other solutions, 
thereby accelerating their DT [12]. The tourism industry is experiencing profound transformation 

driven by the strategic adoption of digital technologies [6,11,13]. This DT transcends mere 

technological upgrades, encompassing fundamental restructuring of business processes, value creation 
mechanisms, and strategic frameworks within tourism enterprises [11]. Emergent technologies, 

including the IoT, Big Data analytics, Artificial Intelligence (AI), Augmented Reality (AR), and Virtual 

Reality (VR), are systematically reshaping the industry landscape, enhancing operational efficiency 
and tourist experiences [11,14]. The COVID-19 pandemic served as an unprecedented catalyst for this 

transformation, compelling tourism firms to accelerate digitalization efforts in pursuit of operational 

resilience and innovative customer engagement strategies amid global disruption [13,14]. In the 
context of the tourism industry, the impact of the pandemic has been significantly underestimated. 

Since the first quarter of 2020, the global tourism sector has been profoundly affected by the pandemic. 

In 2020, the number of international tourist arrivals was only 406 million, a dramatic decrease of 72.3% 
compared to 1,465 million in 2019 [15]. The global tourism numbers from 2019 to 2023 for various 

regions are shown in Figure 1. 

From Figure 1, it can be observed that the number of international tourist arrivals in various 
regions experienced a significant decline from 2020 to 2023 compared to 2019. In the Americas, the 

decreases were 68.2%, 62.7%, 28.3%, and 8.7% for the years 2020 to 2023, respectively. In Europe, 

the declines were 67.7%, 59.5%, 17.9%, and 4.4% for the same period. In Africa, the reductions were 
72.7%, 71.2%, 31.9%, and 3.9% from 2020 to 2023, respectively. In the Middle East, the declines were 

72.8%, 57.7%, and 5.0% for 2020 to 2022, respectively, with an increase of 22.0% in 2023 compared 

to 2019. In Asia and the Pacific, the decreases were 83.7%, 92.7%, 74.3%, and 34.6% for 2020 to 2023, 
respectively. Only the Middle East saw a recovery to pre-pandemic tourism levels in 2023, while other 

regions have yet to return to the 2019 standards. In the case of accommodations, there was a significant 

double-digit decline in room revenues across all regions globally, with Asia and Europe being the most 
severely affected. Room revenues in Asia decreased by 66.7%, while in Europe, the decline was around 
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61.6%. In Taiwan, the occupancy rate of tourist hotels in April 2020 was only 15.13%, representing a 

75% decrease compared to January of the same year [16]. In other words, the pandemic led to a drastic 
reduction in accommodation revenue and occupancy rates, particularly in Asia and Europe, 

highlighting the severe economic impact on the hospitality industry. 

 

Figure 1. Global and regional tourism results (source from [15]). 

The pandemic’s devastating impact on the tourism industry has served as a wake-up call for the 

sector [17], revealing the critical need for digital resilience. Unlike other industries that could rapidly 

leverage technological advancements to address pandemic challenges, the tourism industry faced 
unique difficulties due to its reliance on physical travel and face-to-face interactions. Consequently, 

governments worldwide have recognized the need to support the tourism sector through digitalization 

initiatives, not only to mitigate unemployment but also to establish sustainable tourism policies 
through enhanced domestic and international cooperation [18]. This context underscores the urgent 

imperative for DT in tourism, where digitalization must evolve from an optional enhancement to a 

fundamental operational requirement for recovery and future growth. Liu et al. [14] indicated that the 
COVID-19 crisis illuminated the critical nexus between DT and tourism firm performance and 

resilience. The Empirical analysis of Chinese-listed tourism companies spanning 2013–2022 

demonstrated that firms exhibiting higher digitalization levels sustained superior financial and non-
financial performance throughout the pandemic disruption [14]. This positive correlation proved 

particularly pronounced for non-financial metrics, notably Environmental, Social, and Governance 

(ESG) performance, as the crisis catalyzed firms’ integration of sustainable development principles 
into their operational frameworks [14]. Digital technologies are fundamentally reconceptualizing 

tourist-destination interactions and experiential paradigms. The emergent concept of smart tourism, 

underpinned by an integrated ecosystem of IoT, Big Data analytics, and AI, facilitates the provision of 
seamless, personalized service delivery [11]. 
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Given the unprecedented challenges revealed by the pandemic and the persistent uncertainties in 

the global tourism landscape, undertaking DT has evolved from a competitive advantage to a survival 
imperative. Therefore, in times of challenges and instability, undertaking DT has become imperative 

to maintain competitiveness. DT can enable businesses to collect relevant information, such as 

customers’ historical footprints or search records, and analyze them to provide a better travel 
experience for [19], thereby improving operational and management efficiency [20]. However, the 

process of DT often involves significant changes in business operations, affecting products, processes, 

organizational structures, and management principles. Therefore, businesses need to establish systems 
to manage the complex transformation process, and one crucial method is to develop transformation 

strategies [21]. In other words, to navigate the complexities of DT, businesses must implement strategic 

frameworks that guide and streamline the transformation process, ensuring that all aspects of the 
business are effectively aligned with new digital initiatives. 

Westerman et al. [22] stated that “When DT is done right, it’s like a caterpillar turning into a 

butterfly, but when done wrong, all you have is a really fast caterpillar.” This metaphor underscores a 
critical reality: The selection of inappropriate transformation strategies can expose organizations to 

severe consequences rather than competitive advantages. Specifically, strategic missteps in DT may 

result in the following challenges: 
1. Decreased Competitiveness: If an organization’s DT fails, it may lose its competitive edge in the 

market. Competitors who have successfully implemented DT strategies may gain a dominant 

position, leaving the organization that failed to transform at a significant disadvantage [23]. 
2. Erosion of Market Position: When competitors have already introduced more advanced digital 

products or services in the market, customers tend to gravitate towards the more convenient and 

efficient offerings. Organizations that fail to successfully undergo DT may consequently see their 
existing market share diminish as customers shift to the superior digital solutions provided by their 

competitors [24]. 

3. Financial Burden: The process of DT typically requires significant investment, including the costs 
of updating technological infrastructure, employee training, system integration, and other related 

expenses. If the DT initiative fails, these investments may be considered sunk costs, and the 

organization may need to incur additional expenses to revert to its original operating methods, 
leading to a financial burden [25]. 

To mitigate these risks and maximize the likelihood of successful DT, a systematic approach to 

strategy selection is essential. Based on comprehensive literature review and expert consultation, we 
consolidate four major DT strategies that organizations can leverage: Business Model Transformation 

(BMT) [26], Optimization for Product-Service (OPS) [27,28], Enhancing Operational Efficiency [29], 

and Organizational Culture Change (OCC) [30]. By evaluating these four core DT strategies, the 
tourism industry can assess their resources and capabilities to select the most suitable approach to 

embark on their DT, achieving their profitability goals.  

Despite the proliferation of DT literature in recent years, three critical knowledge gaps persist that 
this study addresses. First, research predominantly offers conceptual frameworks and case-based 

insights without providing systematic, quantitative methodologies for DT strategy evaluation and 

prioritization. While qualitative studies contribute valuable contextual understanding, tourism 
practitioners require actionable decision-support tools that can systematically assess multiple strategic 
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alternatives against complex, multi-dimensional criteria. Second, researchers treat DT strategies as 

static choices without examining how optimal strategies shift under varying market conditions; a 
critical oversight given the dynamic nature of digital markets and customer expectations. Third, 

tourism-specific DT research remains fragmented, lacking integrated frameworks that simultaneously 

consider technological, organizational, operational, customer, and financial dimensions holistically. To 
address these gaps, this research is guided by the following overarching questions: 

(1) What are the critical factors and their relative importance in determining DT success in the 

tourism industry? 
(2) Which DT strategy among BMT, product-service optimization, operational efficiency 

enhancement, and OCC is optimal alternative for the tourism industry context? 

(3) Under what conditions do optimal strategy rankings shift, and what are the critical threshold 
points that trigger strategic reorientation? 

Given the critical importance of strategy selection in DT success and the identified research gaps 

in quantitative evaluation frameworks, we aim to achieve the following objectives: 
(1) Identify the key factors influencing DT in the tourism industry. 

(2) Ranking four strategies to assess the optimal alternative for the travel industry’s DT strategy 

(3) Sensitivity analysis of criteria and sub-criteria to the changing of all alternatives. 
To address these research objectives systematically, we employ a rigorous multi-method 

analytical approach. The Analytic Hierarchy Process (AHP) is selected as the primary analytical 

framework due to its proven effectiveness in handling complex decision-making problems with 
multiple objectives and evaluation criteria, such as energy planning issues, including the identification 

of optimal solutions for electricity supply in remote rural areas [31]. It has also been applied to assess 

the impact of various qualitative criteria on alternative transportation choices [32]. The strength of 
AHP lies in its ability to handle decision-making problems with multiple objectives and evaluation 

criteria, allowing the evaluation of the most appropriate strategy from among multiple alternative 

options. However, the ultimate rankings of these alternative solutions are greatly influenced by the 
weights given to the main criteria. Even minor adjustments in the relative weights can cause substantial 

shifts in the final rankings. Since these weights are usually derived from subjective assessments, it is 

important to assess the stability of the rankings when the criteria weights are varied. For this purpose, 
sensitivity analysis can be performed based on assumptions that reflect different future development 

scenarios. Therefore, this research proposes to utilize the AHP to identify the influential factors and 

determine the optimal DT strategy for the tourism industry. Additionally, the study will incorporate the 
concept of sensitivity analysis to assess the stability of the selected strategy under different weighting 

scenarios. 

The remainder of this paper is organized as follows: In Section 2, we present the integrated 
modified Delphi method (MDM)-AHP and Sensitivity methodology, evaluation criteria development, 

and analytical procedures. In Section 3, we discuss the sensitivity analysis results and their strategic 

implications for tourism DT. In Section 4, we articulate both theoretical contributions to DT literature 
and practical implications for industry practitioners. In Section 5, we conclude by synthesizing key 

findings and proposing future research directions. 
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2. Research methodology 

We employ an integrated MDM-AHP with sensitivity analysis framework to systematically 

evaluate DT strategies for Taiwan’s tourism industry. The research design comprises three 

interconnected phases: (1) Criteria identification and hierarchy construction through the Delphi 
method and literature review, (2) strategy prioritization using AHP with expert pairwise comparisons, 

and (3) strategic robustness assessment through comprehensive sensitivity analysis. Figure 2 illustrates 

the complete hierarchical evaluation framework developed for this study. The procedures are as below. 

Step 1: Define the strategies, evaluative criteria, and develop a hierarchical framework. 

In this study, evaluation criteria are determined through a systematic literature review and expert 
interviews with industry professionals, subsequently validated through the MDM to confirm both 

evaluative criteria and alternatives. The MDM constitutes a structured, iterative process designed to 

systematically gather and synthesize expert perspectives through anonymous panel consultation. This 
methodological approach proves particularly valuable when addressing complex, multifaceted issues 

requiring diverse professional viewpoints and consensus-building. The Delphi method leverages 

collective expertise through carefully orchestrated rounds of consultation, facilitating consensus 
development on the examined phenomenon [33]. This technique has gained widespread adoption for 

eliciting expert insights and supporting informed decision-making across sectors, including business 

management, engineering, and public policy formulation. 
According to Wu et al. [34], the conventional Delphi method encompasses five fundamental stages: 

1. Expert panel selection and anonymization 

2. First-round survey administration 
3. Second-round questionnaire distribution 

4. Third-round questionnaire implementation 

5. Opinion integration and consensus achievement 
Stages 3 and 4 undergo iterative repetition until satisfactory consensus emerges [33]. The 

modified Delphi technique streamlines this process by incorporating preliminary expert interviews to 

identify shared perspectives, thereby replacing the traditional open-ended initial survey [33]. We 
employ the modified Delphi technique in conjunction with anonymous expert interviews to establish 

evaluation criteria and define operational thresholds for the research domain. The resulting criteria 

framework encompasses qualitative and quantitative assessment dimensions. Established 
methodological guidelines recommend maintaining expert panel sizes between five and nine 

participants to optimize both diversity of perspectives and manageable consensus-building [33,35]. 

Through the process of MDM, the researchers were able to develop a hierarchical structure consisting 
of five major evaluation criteria, twenty-one sub-criteria, and four alternative DT strategies for the 

tourism industry (as shown in Figure 2 and Table 1). 

The framework encompasses five primary evaluation criteria (C1–C5), twenty-one sub-criteria 
(SC1–SC21), and four alternative DT strategies, forming a three-level decision hierarchy. This structure 

enables systematic decomposition of the complex strategy selection problem into manageable 

components while maintaining logical relationships between evaluation dimensions. 
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Figure 2. Hierarchical structure to evaluate the optimal DT strategies. 

Table 1. Definition of influencing factors. 

Criteria Factors Definitions Reference

Business Process 

(C1) 

Integration (SC1) Integrating various digital technologies, systems, and processes to achieve 

more efficient business operations and enhance overall organizational 

effectiveness aims to seamlessly incorporate digital technologies into all 

levels of the organization, driving comprehensive DT.

[36] 

Establish digital 

mindset (SC2) 

Help organizations build a proactive, innovative, and adaptable digital 

mindset.

[37] 

The digital 

capabilities (SC3) 

Organizations with strong digital business capabilities are better 

equipped to face challenges in the digital environment and achieve 

business objectives.

[38] 

Developing a digital 

strategy (SC4) 

It is developed according to processes such as determining business 

goals, conducting organizational assessments, establishing digital 

culture, and setting milestones.

[39] 

The legal of a country 

business 

infrastructural (SC5) 

Impacting the way businesses and individuals engage in the digital 

environment, such as regulatory frameworks and interventions. 

[38] 

Customer 

Experience (C2) 

Digital consumer 

demand (SC6) 

Consumers are increasingly reliant on digital technology in their daily 

lives and personal interactions, expecting ubiquitous access to virtual 

resources.

[40,41] 

Forecasting customer 

needs (SC7) 

Integrating digital technology helps businesses more comprehensively and 

accurately predict customer needs, thereby better meeting market demands 

and providing personalized products and services.

[42] 

Digitalized customer 

preferences (SC8) 

Based on customer preferences, businesses can achieve customized and 

even personalized production.

[43] 

Continued on next page 
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Criteria Factors Definitions Reference

Digital 

Technology Skills 

(C3) 

Big data analytics 

capabilities (SC9) 

An increasing number of sources generate large volumes of data. 

Companies realize that the data they possess and how they utilize it can 

provide them with a competitive advantage.

[44] 

The accessibility of 

large volumes of data 

(SC10) 

The ease with which individuals within an organization can access, 

understand, and use data to make informed business decisions. 

[38] 

Emerging digital 

technology (SC11) 

The utilization of emerging digital technologies across various 

industries and sectors has profound social and economic impacts, 

including artificial intelligence, the Internet of Things, blockchain 

technology, augmented reality, and cloud computing. 

[38] 

Digital 

Technology Skills 

(C3) 

Resilient against risk 

(SC12) 

Strong risk management and defense capabilities, such as data security 

and privacy protection.

[45] 

Leadership (SC13) The success of DT depends on how leaders leverage digital technology 

to drive organizational development.

[42,46] 

The extent to which 

its core products can 

be digitized (SC14) 

How businesses apply digital technology and information systems to 

improve, optimize, or innovate their core products or services. 

[21] 

Competitiveness 

(C4) 

Recognizing 

opportunities to 

difference from 

competitors (SC15) 

Trying to find ways to differentiate yourself from your competitors. [42] 

Reputation (SC16) Some improvements in organizational performance, including 

reputation, are also related to a company’s competitive advantage. 

[47] 

Staying competitive 

(SC17) 

Through DT, enterprises can continue to remain competitive and avoid 

being eliminated.

[42] 

Finance (C5) Cost reductions 

(SC18) 

Improving company performance and creating new forms of value. [48] 

Ability to finance a 

digital transformation 

(SC19) 

Companies already facing financial pressure may lack external avenues 

to fund their transformation. 

[21] 

Budget planning 

(SC20) 

Develop a clear digital transformation budget, including capital 

expenditures and operating expenses. Ensure the budget can support 

necessary technology investments and related training. 

[49] 

Return on investment 

(SC21) 

Implementing cutting-edge technologies, no matter how promising, 

will not lead to transformation if there is no understanding of how they 

will deliver a return on investment (ROI) for the organization and its 

customers.

[50] 

Four distinct DT strategies constitute the decision alternatives in this study, each representing 

fundamentally different approaches to organizational transformation: 
(1) Business Model Transformation 

Business models are defined as the way firms operate, rather than something that physically exists; 

they represent the causal relationships between customers, organizations, and money [51]. Business 
models are also seen as ideal types or role models that companies aim to emulate, serving as inspiration 
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for business model innovation [52]. Therefore, the change in business models is essentially a 

transformation from traditional models to new organizational forms. The transformed organizational 
structure is better suited to operate in today’s digital economy, altering relationships with partners and 

continuously increasing digital assets through the use of digitalization [53]. 

(2) Optimization for Product-Service 
The process of optimizing product services aligns with the rise of digitalization trends. Coupled 

with smart digital systems, product services can now operate independently of manual processes and 

interact with digital machinery. The integration of advanced product service optimization processes 
with smart machines has become an inevitable outcome [54]. With the emergence of digital 

technologies, companies are leveraging smart digital systems to transition towards providing 

customized, service-oriented solutions [55]. These services encompass everything from conventional 
product-focused offerings, like routine maintenance and repairs, to customer-centric services [56]. By 

linking physical products through personalized delivery of intangible services, businesses can better 

cater to deeply individualized customer requirements [57]. These personalized product-service 
combinations increase the value provided to customers, thereby improving organizational 

competitiveness [58]. 

(3) Enhancing Operational Efficiency 
Due to DT, organizations have widely embraced and adopted new digital innovation technologies, 

focusing extensively on agile digitalization. Integrating digital technologies into organizational activity 

chains aims to provide added value to customers and stakeholders, thereby enhancing organizational 
performance. The application of new technologies leads to the development of new value, including 

innovations in products, value propositions, value chains, and new product delivery channels, which 

can improve operational efficiency and effectiveness [29]. 
(4) Organizational Culture Change 

Successful DT is often considered to be contingent upon organizational culture [59,60]. Therefore, 

when undertaking significant digital changes, organizations should consider both organizational 
culture and its impact on information technology (IT) [61]. Organizational culture refers to the shared 

values among individuals within an organization [62]. Research suggests that organizational culture 

has a reciprocal relationship with absorptive capacity and IT success and implementation. 
Organizational culture is also discussed as a catalyst for new knowledge and innovation but can 

simultaneously become a barrier when adopting new digital services [63]. 

These four strategies represent distinct strategic emphases rather than mutually exclusive paths; 
organizations may pursue hybrid approaches combining elements from multiple strategies. However, 

resource constraints and organizational capabilities necessitate strategic prioritization, making the 

identification of optimal primary strategies critically important for tourism industry decision-makers. 

Step 2: Establish each factor of the pairwise comparison matrix. 

Mu [64] indicated that AHP/ANP methodologies were created to address decisions in many different 
domains. Therefore, this step implements the AHP methodology to develop the pairwise comparison 

matrix. Previous research has implemented the AHP and BOCR (Benefits, Opportunities, Costs, and Risks) 

methodology to address diverse decision-making challenges across various domains [65–68]. The BOCR 
framework provides a systematic, comprehensive approach for establishing non-redundant evaluation 
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criteria, rendering it particularly appropriates for complex strategic decisions characterized by multiple 

positive and negative dimensions [66]. Conversely, the exclusion of the BOCR framework proves 
equally defensible when problem-specific criteria are sufficiently clear, parsimonious, and efficient for 

the decision context, as exemplified in supplier selection applications utilizing standalone AHP 

methodologies [67]. The selection of evaluation criteria whether structured through BOCR or 
alternative frameworks must be methodologically justified relative to the specific decision objectives 

and contextual requirements. Accordingly, we employ an integrated MDM-AHP framework 

augmented with sensitivity analysis to identify and evaluate optimal DT strategies within the tourism 
industry context. 

Elements within a specific level are compared in pairs relative to a particular element in the 

immediate upper level. A judgment matrix, A, is constructed and utilized to calculate the priority 
weights of the corresponding elements. First, each criterion is compared in pairs concerning the goal. 

A judgment matrix, represented by A, will be created based on these pairwise comparisons. Each entry 

aij of the judgment matrix is formed by comparing the row element ai with the column element aj. 

A= [aij], ,  1,  2,  ...,  .i j n        (1) 

The comparison between any two criteria, Ci and Cj, in relation to the goal involves determining 
which of the two is more important and to what extent. Saaty [69] suggests using a 9-point scale to 

translate qualitative judgments into numerical values, which are represented as aij. Figure 3 illustrates 

the 9-point scale, where a higher value in pairwise comparisons indicates a more significant difference 
between the criteria levels. The entries aij are determined by the following rules: 

 

Figure 3. The pair- wise comparison scale (Saaty, [69]) 

1
0, , 1 for allij ji ii

ij

a a a i
a

         (2) 

This scale is versatile and applicable to both criteria that can be quantitatively defined and those 
that cannot. It presents a relative importance scale where decision-makers express their judgments 

regarding the relative importance of each criterion’s contribution to achieving the overarching goal. 
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To gather expert opinions through pairwise comparisons, an AHP questionnaire was developed. 

Consequently, purposive sampling was employed to select six respondents. Six respondents were 
purposively selected based on stringent qualification criteria designed to capture comprehensive 

domain expertise in both DT and tourism industry management. Respondent panel members were 

required to possess a minimum of ten years’ professional experience in tourism management or DT 
implementation, hold at least a master’s degree in relevant disciplines, and occupy senior management 

positions with direct strategic decision-making responsibilities. Additionally, experts must 

demonstrate substantive involvement in DT initiatives and possess comprehensive knowledge of 
Taiwan’s tourism industry landscape and its distinctive challenges. 

The final weighted values assigned by experts are utilized, and the geometric mean value is 

calculated to determine the decision-making community scores of all experts. This process is 
undertaken to formulate the optimal DT strategy for the tourism industry and ascertain the weight 

values of key influencing factors. Table 3 presents the main criteria as the sample. 

Table 2. Aggregate pair-wise comparison matrix for criteria of level 2. 

 C1 C2 C3 C4 C5

C1 1 0.240 5.657 1.225 2.374

C2 4.167 1 8.485 5.292 4.973

C3 0.177 0.118 1 1.023 0.362

C4 0.816 0.189 0.978 1 0.473

C5 0.421 0.201 2.762 2.114 1 

λmax = 5.289; C.I. = 0.072; R.I. = 1.12; CR = 0.064

Step 3: Calculate the eigenvalues and their corresponding eigenvectors. 

Using the numerical judgments 𝑎𝑖𝑗 recorded in the matrix 𝐴, the goal is to calculate the numerical 
weights (W1, W2, …, Wn) for the alternatives represented in the matrix. To achieve this, we can consider 

the following equation. 

⎣
⎢
⎢
⎢
⎡
𝑎ଵଵ 𝑎ଵଶ ⋯ 𝑎ଵ௡
𝑎ଶଵ 𝑎ଶଶ ⋯ 𝑎ଶ௡
⋅ ⋅ ⋯ ⋅
⋅ ⋅ ⋯ ⋅
𝑎௡ଵ 𝑎௡ଶ ⋯ 𝑎௡௡⎦

⎥
⎥
⎥
⎤

ൌ

⎣
⎢
⎢
⎢
⎡
𝑊ଵ/𝑊ଵ 𝑊ଵ/𝑊ଶ ⋯ 𝑊ଵ/𝑊௡
𝑊ଶ/𝑊ଵ 𝑊ଶ/𝑊ଶ ⋯ 𝑊ଶ/𝑊௡

⋅ ⋅ ⋯ ⋅
⋅ ⋅ ⋯ ⋅

𝑊௡/𝑊ଵ 𝑊௡/𝑊ଶ ⋯ 𝑊௡/𝑊௡⎦
⎥
⎥
⎥
⎤

,   (3) 

Furthermore, if we multiply both matrices in Equation (3) on the right-hand side by the weight 

vector 𝑊= (W1, W2, …, Wn), where 𝑊 is a column vector, the result of this multiplication between the 

pairwise ratio matrix and 𝑊 will be 𝑛𝑊, thus leading to the following conclusion: 

𝐴𝑊 ൌ 𝑛𝑊          (4) 

This forms a system of homogeneous linear equations, which has a non-trivial solution only if the 

determinant of 𝐴−𝑛𝐼 equals zero. This condition indicates that 𝑛 is an eigenvalue of 𝐴, where 𝐼 is an 

identity matrix. Using Saaty’s method, the weights vector 𝑊 is determined as the principal right 

eigenvector of the matrix 𝐴; that is, 
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𝐴𝑊 ൌ 𝜆௠௔௫𝑊         (5) 

The matrix 𝐴 principal eigenvalue of the is represented as 𝑛. If matrix 𝐴is positive reciprocal, 

then 𝑛 is the largest eigenvalue [69]. If 𝐴 is a consistency matrix, the eigenvector 𝑋 can be determined 
using the following equation 

ሺ𝐴 െ 𝜆௠௔௫𝐼ሻ𝑋 ൌ 0           (6) 

In this context, a comparison matrix, like the one presented in Table 3, is utilized to calculate 

eigenvectors using Equations (5) and (6). Table 4 provides a summary of these eigenvectors for criteria, 

sub-criteria, and the selection of four decision-making strategies. Additionally, Table 4 presents the 
outcomes of the analysis, showcasing the importance or weight assigned to different criteria, sub-

criteria, and decision-making strategies within the framework of the study. 

Table 3. Eigenvectors (weights) for Level 2 to Level 4. 

Criteria Weights for level 2 Sub-criteria Weights for level 3 Weights for level 4 

BMT EOE OPS OCC

C1 0.193 SC1 0.537 0.326 0.328 0.078 0.268

SC2 0.058 0.187 0.562 0.160 0.091

SC3 0.129 0.383 0.210 0.211 0.196

SC4 0.126 0.458 0.293 0.186 0.063

SC5 0.151 0.360 0.358 0.195 0.088

C2 0.539 SC6 0.139 0.214 0.464 0.211 0.111

SC7 0.335 0.600 0.233 0.062 0.104

SC8 0.526 0.315 0.297 0.263 0.125

C3 0.057 SC9 0.250 0.218 0.383 0.213 0.186

SC10 0.205 0.180 0.570 0.129 0.121

SC11 0.099 0.580 0.261 0.070 0.088

SC12 0.167 0.331 0.307 0.301 0.061

SC13 0.062 0.588 0.261 0.090 0.061

SC14 0.217 0.638 0.177 0.127 0.057

C4 0.086 SC15 0.302 0.550 0.235 0.169 0.047

SC16 0.311 0.383 0.329 0.172 0.116

SC17 0.387 0.577 0.175 0.170 0.078

C5 0.127 SC18 0.296 0.635 0.190 0.103 0.072

SC19 0.156 0.563 0.215 0.172 0.049

SC20 0.130 0.602 0.192 0.122 0.085

SC21 0.419 0.635 0.179 0.119 0.068

Step 4: Conduct the consistency test. 

The eigenvector approach provides an inherent way to assess consistency. Saaty (1990) 

introduced the concept of the consistency index (CI), defined as follows 

𝐶𝐼 ൌ ሺ𝜆 ௠௔௫ െ 𝑛ሻ/ሺ𝑛 െ 1ሻ       (7) 
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where max  represents the largest eigenvalue of the matrix, and n is the total number of criteria in the 

judgment matrix. Accordingly, Saaty [69] defined the consistency ratio (CR) as 

𝐶𝑅 ൌ 𝐶𝐼/𝑅𝐼 ,         (8) 

for each size of matrix 𝑛, random matrices are created, and their mean Consistency Index (CI) values 
are computed, referred to as the Random Index (RI). The RI signifies the average consistency index 

across randomly generated matrices of the same order as the reciprocal matrices under consideration. 

Figure 4, developed by Saaty [69], provides reference values for the RI. The CR indicates the extent 
to which the consistency of a given matrix deviates from that of a completely random matrix, based 

on their respective consistency indices. A lower CR value indicates a closer resemblance to a random 

matrix, implying higher consistency in judgments. Conversely, larger CR values suggest a departure 
from randomness, indicating the need for decision-makers to reassess their judgments for improved 
consistency. 

 

Figure 4. The Random Index (Saaty, [69]). 

According to Equations (7) and (8), the consistency of the criteria comparison matrix for each 

criterion is computed, as demonstrated in Figure 3. The outcomes of the consistency test for each 
criterion, as well as the CR, are consistently measured at 0.1 across all experts, indicating a high level 

of consistency in their assessments. Moreover, the CR of the aggregate matrix, representing the 

combined judgments of all experts, also stands at 0.1, reaffirming the overall consistency of the 
decision-making process. The results consistently show a high level of agreement among the experts, 
both individually and when their judgments are combined. 

Step 5: Calculate the overall level hierarchy weight to select the optimal DT strategy in 
tourism industry 

The overall priorities are obtained by combining the weights across the hierarchy. These 
aggregated priorities are presented in Table 4. Based on Table 4, the “BMT” strategy is identified as 
the most favorable transformation strategy. 
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Table 4. The evaluation outcomes and evaluate the optimal DT strategy in tourism industry. 

Criteria Weights BMT EOE OPS OCC 

Synthesis Value Synthesis Value Synthesis Value Synthesis Value

C1 0.192 0.331 0.338 0.160 0.136 

C2 0.539 0.609 0.536 0.289 0.183 

C3 0.056 0.144 0.112 0.053 0.033 

C4 0.086 0.130 0.064 0.044 0.021 

C5 0.127 0.309 0.099 0.066 0.035 

Result Aggregate score 0.444 0.296 0.158 0.102 

Rank 1 2 3 4 

Step 6: Sensitivity analysis  

The final ranking of alternatives is greatly influenced by how much importance is assigned to the 
main criteria. Even small adjustments in these relative weights can have a significant impact on the 

ultimate order. Since these weightings are often based on subjective judgments, it is crucial to assess 

how stable the ranking is when these weights vary. Sensitivity analysis enables this examination, using 
different scenarios to explore how changes in criteria importance affect the priorities and ranking of 

alternatives. By adjusting the weightings of individual criteria, we can observe how the rankings 

change accordingly. This analysis provides an understanding of how stable the ranking is. If the 
ranking is highly sensitive to minor changes in the weights, it is advisable to carefully reassess these 

weights. Additionally, if a highly sensitive ranking suggests that the current criteria set lacks the ability 

to effectively discriminate between alternatives, it may be necessary to introduce additional decision 
criteria. To conduct this analysis, the weights of the key criteria are adjusted separately, spanning 0% 

to 100%. Importantly, when altering the weight of one criterion, the weights of the others change 

proportionately, ensuring that the total always equals 100%. The local priority weights of the selected 
subjective factors are adjusted using the Super Decisions software. Sensitivity analyses are necessary 

because changing the importance of criteria requires various levels of “Business Processes”, 

“Customer Experience”, “Digital Technology Skills”, “Competitiveness”, and “Finance” to ensure 
evaluating the optimal DT strategy in tourism industry. 

3. Discussions of AHP-sensitivity analysis 

The final priority rankings are calculated by aggregating weights across the hierarchical models. 

As shown in Table 4, this comprehensive analysis reveals that among all transformation strategies 

evaluated, the “BMT” approach emerges as the optimal strategy. Figures 5 shows the sensitivity 
performance of the criteria for “Business Processes (C1)”, “Customer Experience (C2)”, “Digital 

Technology Skills (C3)”, “Competitiveness (C4)”, and “Finance (C5)”. 

Figures 6 to 8 show the sensitivity performance of the sub- criteria for “Integration (SC1)”, 
“Establish digital mindsets (SC2)”, “The digital capabilities (SC3)”, ”Developing a digital business 

strategy (SC4)”, “The legal of a country business infrastructural (SC5)”, “Digital consumer demand 

(SC6)”, “Anticipation of customer needs (SC7)”, “Digitalized customer preferences (SC8)”, “Big data 
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analysis capabilities (SC9)”, ”The accessibility of large volumes of data (SC10)”, “Emerging digital 

technology (SC11)”, “Resilient against risk (SC12)”, “Leadership (SC13)”, “The extent to which its core 
products can be digitized (SC14)”, “Recognizing opportunities to difference from competitors (SC15)”, 

“Reputation (SC16)”, “Staying competitive (SC17)”, “Cost reductions (SC18)”, “Ability to finance a DT 

(SC19)”, “Budget planning (SC20)”, and “Return on investment (SC21)”. 
According to Figure 5, when the sensitivity of Business Processes (C1) is increased by 53.16%, a 

minor reordering occurs between two strategic alternatives. The EOE shifts downward from third to 

fourth position, while OCC moves upward from fourth to third position. However, this sensitivity 
adjustment has minimal strategic implications, as the rankings of all other criteria remain stable and 

the overall decision-making hierarchy is largely unaffected. The sensitivity analysis revealed two 

notable ranking shifts, as illustrated in Figure 6. First, when Digital consumer demand (SC6) sensitivity 
is increased by 78.68%, a reversal occurs at the top positions: BMT moves from first to second position, 

while OPS advances from second to first position. Second, in the Anticipation of customer needs (SC7) 

dimension, an 83.68% increase in sensitivity causes a reordering between EOE and OCC, with EOE 
declining from third to fourth position and OCC improving from fourth to third position. Importantly, 

all other sub-criteria maintain their original rankings following these sensitivity adjustments.  

Based on the AHP sensitivity analysis method, this study demonstrates that in evaluating DT 
strategies, the “Business Processes” aspect influences the ranking of “OCC” and “OPS” within the 

transformation strategy. “OCC” shifts from its original ranking of 4 to 3. This shift is due to the fact 

that business processes are pivotal to organizational operations, and the purpose of DT is to enhance 
revenue and reduce costs to achieve profitability goals. Enhancing business processes can improve 

organizational efficiency and flexibility, increase productivity, reduce human errors and waste, and 

thus enable quicker adaptation to market changes and customer demands. Regarding sub-criteria, 
increasing the sensitivity analysis percentage of “Digital consumer demand” will affect the ranking 

order of the BMT and OPS transformation strategies. This result holds considerable significance for 

the study, as the original ranking 1 transformation strategy shifts from “BMT” to “OPS” due to the 
impact of “Customer Demand”. Therefore, from this result, we can infer that with the advent of the 

digital age, the expectations of customers regarding products and services are continuously evolving. 

If digital customer demands become increasingly significant, tourism operators should adjust their 
transformation strategies to enhance the quality of products and services, thereby meeting the 

digitalized demands of travelers.  

The sensitivity analysis elucidates critical strategic inflection points with significant implications 
for tourism industry strategic management. When digital consumer demand (SC6) sensitivity escalates 

by 78.68%, precipitating a positional shift wherein BMT descends from first to second rank while OPS 

ascends to primacy, this threshold delineates a fundamental strategic decision boundary requiring 
managerial cognizance. These findings underscore the imperative for tourism organizations to 

implement adaptive strategic frameworks characterized by contextual responsiveness to market 

dynamics. Under current market conditions where digital consumer demand maintains moderate 
strategic significance, BMT emerges as the optimal strategic pathway, necessitating comprehensive 

business model innovation, revenue stream diversification, and systematic organizational restructuring. 

Conversely, in scenarios characterized by critically elevated digital consumer demand, as demonstrated 
through sensitivity analysis, organizations must demonstrate strategic agility by transitioning toward 
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OPS strategies. This alternative strategic orientation prioritizes service quality enhancement, advanced 

personalization capabilities, and systematic customer experience optimization, reflecting the 
heightened importance of consumer-centric digital touchpoints in value creation processes. Several 

strategic imperatives emerge from this sensitivity analysis for tourism industry practitioners. First, 

tourism enterprises should cultivate hybrid organizational capabilities that facilitate rapid strategic 
pivoting between operational modes. This strategic flexibility requires developing dual competencies: 

business model innovation capabilities for moderate digital demand environments, and product-service 

optimization expertise for high-intensity digital demand scenarios. Organizations maintaining strategic 
agility across both dimensions will demonstrate superior responsiveness to volatile market conditions 

and shifting consumer behaviors. Second, the identified 83.68% sensitivity threshold for “Forecasting 

customer needs” (SC7) establishes a practical benchmark for strategic resource allocation decisions. 
When customer need prediction capabilities assume heightened strategic importance, organizations 

should systematically reallocate resources from operational efficiency enhancement (EOE) initiatives 

toward OCC programs. This reallocation prioritizes the development of predictive analytics 
capabilities and customer-centric organizational mindsets, thereby enhancing the organization’s 

capacity for anticipatory service delivery and proactive market positioning. 
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Business Processes (C1) Customer Experience (C2) Digital Technology Skills (C3) 
   

Competitiveness (C4) Finance (C5)

Figure 5. The sensitivity of criteria. 
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Integration (SC1) Establish digital mindsets (SC2) The digital capabilities (SC3) Developing a digital business strategy (SC4) 

    
The legal of a country business infrastructural (SC5) Digital consumer demand (SC6) Forecasting customer needs (SC7) Digitalized customer preferences (SC8) 

Figure 6. The sensitivity of sub-criteria (SC1–SC8). 
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Big data analysis capabilities (SC9) The accessibility of large volumes of data (SC10) Emerging digital technology (SC11) Resilient against risk (SC12) 

  

Leadership (SC13) 
The extent to which its core products can be 

digitized (SC14)

Recognizing opportunities to difference from 

competitors (SC15)
Reputation (SC16) 

Figure 7. The sensitivity of sub-criteria (SC9–SC16). 
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Staying competitive (SC17) Cost reductions (SC18) Ability to finance a DT (SC19) Budget planning (SC20) 

 

   

Return on investment (SC21) 

Figure 8. The sensitivity of sub-criteria (SC17–SC21) 
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4. Implications 

4.1. Theoretical implications 

This research makes several significant contributions to DT theory in the tourism context. The 

integrated Delphi-AHP-Sensitivity framework advances our theoretical understanding of strategy 

selection mechanisms by demonstrating how multiple evaluation methodologies can be synthesized to 
create a more robust decision-making model. The identification of “BMT” as the optimal strategy 

extends existing DT theory by empirically validating the primacy of business model innovation in the 

tourism sector’s digital evolution. 
Furthermore, our sensitivity analysis results regarding the influence of “Business Processes” and 

“Digital Consumer Demand” contribute to transformation theory by revealing the dynamic interplay 

between operational and market-facing aspects of DT. This theoretical insight challenges the 
traditional static view of transformation strategy selection and suggests a more fluid, context-

dependent approach to strategic decision-making. The research also extends theoretical frameworks 

by demonstrating how the relative importance of different transformation factors can shift under 
varying conditions, providing a more sophisticated theoretical model for understanding strategic 

flexibility in DT initiatives. 

4.2. Practical implications 

Our findings from this study offer practical value for tourism industry stakeholders and decision-
makers. Our research provides a systematic framework for evaluating and selecting DT strategies, 

which organizations can directly apply to their strategic planning processes. The emergence of BMT 

as the optimal strategy offers clear direction for tourism organizations, suggesting that they should 
prioritize fundamental business model innovation over isolated technological implementations or 

incremental operational improvements. 

The sensitivity analysis results offer practical guidance for strategy adaptation, indicating that 
organizations should maintain flexibility in their transformation approaches based on changing market 

conditions and customer demands. Tourism industry practitioners can use our findings to develop more 

resilient transformation strategies that can adapt to shifts in consumer preferences and technological 
capabilities. The research also provides practical insights for resource allocation, suggesting that 

organizations should maintain balanced investment across different transformation dimensions while 

being prepared to adjust their focus based on market dynamics. The sensitivity analysis yields 
actionable insights for dynamic strategic management within tourism organizations. Tourism 

enterprises must acknowledge that optimal strategic configurations are inherently dynamic, contingent 

upon the evolving relative significance of market determinants rather than fixed strategic prescriptions. 
When digital consumer demand intensifies beyond critical thresholds, strategic priorities necessitate 

systematic reorientation from fundamental BMT toward immediate product-service optimization 

initiatives. This strategic adaptability requires organizations to cultivate organizational ambidexterity 
and implement sophisticated early warning systems capable of detecting market inflection points prior 
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to competitive recognition and response. Moreover, the threshold effects revealed through sensitivity 

analysis specifically 78.68% for digital consumer demand and 83.68% for forecasting customer needs 
establish empirically-derived benchmarks for evidence-based strategic decision-making. 

Organizations can operationalize these thresholds as strategic trigger mechanisms, establishing 

predetermined decision points that facilitate proactive strategic recalibration rather than reactive 
market responses. This threshold-based approach enables systematic strategic management processes 

that enhance organizational responsiveness while maintaining strategic coherence across dynamic 

market conditions. 
Moreover, our findings offer practical guidance for implementation sequencing, indicating that 

organizations should begin with business model conceptualization before moving to technological 

integration and operational optimization. This sequential approach can help organizations avoid the 
common pitfall of technology-first transformation initiatives that fail to deliver sustainable value. The 

research also provides practical metrics for monitoring transformation progress, enabling organizations 

to assess and adjust their strategies based on measurable outcomes and changing market conditions. 

5. Conclusion 

Determining the most appropriate DT strategy is highly significant for the tourism industry’s DT 

process. This research addresses this critical need by developing a comprehensive hierarchical decision 
support system that integrates the AHP with robust sensitivity analysis. The study reveals “BMT” as 

the optimal DT strategy while revealing the dynamic nature of strategic decision-making in DT 

contexts.  
This research makes several significant theoretical contributions to the DT literature. First, we 

introduce a novel integrated Delphi-AHP-Sensitivity analytical framework that advances quantitative 

methodology for strategy evaluation in DT contexts. This methodological contribution fills a notable 
gap in the literature where systematic, quantitative approaches to DT strategy selection have been 

limited. Second, our empirical findings contribute to DT theory by demonstrating the hierarchical 

importance of transformation factors, with “Digitalized Customer Preferences” emerging as the 
paramount driver of DT success. This finding extends theoretical frameworks by providing empirical 

evidence for customer-centricity in DT prioritization. Finally, the sensitivity analysis results contribute 

to dynamic strategy theory by revealing how shifts in market conditions (specifically digital consumer 
demand intensity) can fundamentally alter optimal strategic choices. The identification of specific 

threshold points (78.68% for digital consumer demand) provides new theoretical insights into the 

conditional nature of strategic optimality in digital contexts. 
In practical contributions, the developed decision support framework offers a systematic, 

replicable methodology that tourism organizations can directly implement for strategic planning and 

resource allocation decisions. Unlike previous conceptual frameworks, our model provides 
quantitative weightings and clear hierarchical priorities that enable practical application. The 

identification of BMT as the optimal strategy provides clear directional guidance for tourism 

executives, suggesting prioritization of fundamental business model innovation over incremental 
technological implementations. This finding helps organizations avoid the common pitfall of 

technology-first approaches that fail to deliver sustainable competitive advantage. The sensitivity 
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analysis delivers practical strategic intelligence by identifying critical decision thresholds. Tourism 

organizations can use the 78.68% threshold for digital consumer demand as an early warning indicator 
for strategic pivot points, enabling proactive strategy adjustment rather than reactive responses to 

market changes. 

This research model serves as a decision support tool that can assist not only the tourism industry 
in undergoing DT but can also be adapted and applied to other industries requiring DT evaluation. The 

framework’s emphasis on sensitivity analysis and dynamic strategy adjustment represents a significant 

advancement over static strategic planning approaches, highlighting the importance of adaptive 
strategic management in rapidly evolving digital environments. 

While this study contributes valuable insights into DT strategies within the tourism sector, several 

methodological and contextual limitations need to be acknowledged: Our scope encompasses primarily 
the tourism industry within Taiwan’s distinctive socio-economic context, potentially constraining the 

generalizability of findings across diverse geographical regions and cultural milieus. Taiwan’s 

advanced digital infrastructure maturity and unique tourism market characteristics may not adequately 
represent the strategic challenges confronting tourism organizations operating within different 

regulatory environments, technological readiness levels, or market development stages. Additionally, 

while the integrated Delphi-AHP-Sensitivity framework demonstrates robust analytical capabilities 
for hierarchical strategy evaluation, it predominantly emphasizes hierarchical factor relationships 

while potentially underrepresenting complex interdependencies and network effects among 

transformation determinants. This methodological constraint may limit the framework’s capacity to 
capture the full complexity of factor interactions inherent in DT ecosystems. These acknowledged 

limitations illuminate several compelling avenues for future scholarly investigation. First, comparative 

cross-national studies could empirically validate the framework’s applicability across heterogeneous 
cultural, economic, and technological contexts. Such research endeavors could elucidate how regional 

variations in digital maturity indices, regulatory frameworks, and tourism industry structural 

configurations influence optimal transformation strategy selection and implementation outcomes. 
Second, methodological advancement could involve expanding the analytical framework to 

incorporate network analysis capabilities, thereby capturing complex factor interdependencies and 

synergistic effects that hierarchical models may obscure. Third, longitudinal studies could examine the 
temporal stability of identified strategic priorities and threshold effects across market cycles and 

technological evolution phases. 
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