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Abstract 

Today, organizations are compelled to implement digital transformation within their operations to remain competitive in the 

market. To achieve this transformation, organizational culture must adapt to the new requirements of a digital environment, 

which is attainable through transforming traditional processes and routines. The aim of this study is to design an interpretive 

structural model (ISM) for the drivers of digital transformation culture with a contextual approach in the Tehran Province 

Water and Wastewater Company. This research is applied in purpose and employs an exploratory mixed-methods approach. 

In the qualitative phase, thematic analysis was utilized, while the quantitative phase employed interpretive structural 

modeling (ISM). The qualitative sample consisted of 14 experts selected purposefully until data saturation was reached. In 

the quantitative phase, a simple random sample of 234 managers was selected. Data collection methods included semi-

structured in-depth interviews for the qualitative phase and a researcher-designed questionnaire for the quantitative phase. 

For data analysis in the quantitative phase, descriptive statistics, confirmatory factor analysis, and ISM based on the opinions 

of 12 experts were applied. After identifying the themes, a model for the drivers of digital transformation culture was 

developed. Using interpretive structural modeling, the relationships between factors were determined and analyzed through 

a power-dependence diagram. The findings reveal that leadership, employees, and managers are the main drivers with the 

highest influence power for shaping a digital transformation culture. Linking factors include the digital transformation 

program and digital technology, while organizational structure is influenced by other factors. By ranking the effective 

drivers, this study provides significant guidance for establishing a digital transformation culture in the company. 
Keywords: Digital transformation culture, Drivers, Interpretive structural modeling (ISM), Tehran Province Water and 

Wastewater Company. 
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1. Introduction 

The world is undergoing a transformation, shifting from 

the industrial era to the age of intelligence [1-3]. In today’s 

business environment, where changes occur at an 

unprecedented pace, the rapid development of digital 

technology has significantly altered strategies, objectives, 

and various operations. Organizations must prioritize digital 

transformation to remain competitive and relevant in the 

business landscape [4-7]. Digital transformation is no longer 

merely a buzzword; it has become a vital strategy for 

maintaining competitiveness in the business arena. To 

achieve progress, organizations must adopt innovative 

approaches. Businesses not only need to embrace digital 

transformation for survival but also grow across all 

dimensions with this transformative vision, fostering a 

culture of adaptability, resilience, and continuous 

improvement [8]. 

Successful digital transformation requires a 

comprehensive approach that incorporates elements such as 

organizational culture, change management practices, 

continuous assessment and learning, cross-departmental 

collaboration, and adaptability [9, 10]. Digital 

transformation can be viewed as a process in which 

organizations evolve by leveraging new technologies and 

revising their current approaches to solve problems and alter 

work routines. This includes providing enhanced training for 

users, migrating data to cloud services, and employing 

artificial intelligence (AI) technologies. Organizations 

continuously assess and realign their trajectory and goals 

using AI in analytics and decision-making to achieve a 

desirable future state [11]. The role of digital transformation 

leadership is intricately linked to changes in organizational 

culture, defined here as the “shared values” of employees 

[12]. For the first time, digital culture connects humans with 

machines capable of artificial reasoning and learning [13]. 

Investment in digital transformation ensures the future of 

organizations. A fundamental cultural prerequisite for 

transitioning to the digital world is the dissemination of 

experiences from various organizational sectors throughout 

the organization. Such entities, agile and powerful, can 

tackle even the most significant challenges [14]. Digital 

transformation fosters a new organizational culture in which 

individuals can freely take innovative and creative steps 

toward their team’s and organization’s goals. The culture of 

digital transformation should be viewed both from a 

collective meaning perspective and a tool-based viewpoint 

[15]. 

Research on digital transformation culture spans multiple 

perspectives, highlighting diverse drivers and impacts. 

Trushkina et al. (2020) identified drivers such as digital 

skills and competencies, organizational environment, 

leadership, performance management, and professional 

knowledge resources, emphasizing informal interaction and 

organizational design under information economy 

conditions [16]. Stoyanov (2019) highlighted the importance 

of leadership competencies and innovative approaches in 

transforming organizational culture from traditional to 

digital, emphasizing that digital culture facilitates change 

and innovation [17]. Ahmed et al. (2019) linked digital 

organizational culture, business model innovation, and 

senior management awareness, asserting that digitization 

supports value creation and enhances business performance 

[18]. Zhang et al. (2021) revealed significant connections 

between digital organizational culture, digital capabilities, 

and innovation, suggesting that readiness and culture predict 

digital innovation [19]. Robertson (2018) emphasized 

initiatives like structured training and the integration of ICT, 

AI, and big data in fostering digital transformation [20]. 

Borcan (2021) linked dynamic capabilities, business models, 

and organizational culture, demonstrating their roles in 

digital transformation and market adaptation [21]. Leso 

(2022) emphasized leadership's role and IT contexts in 

supporting digital transformation [22]. Martínez-Caro et al. 

(2020) pointed out drivers like open organizational culture, 

investment in eco-friendly innovation, and customer risk 

perception [23]. Rachinger (2018) explored how digitization 

impacts business model innovation, highlighting 

organizational capacities and employee competencies as 

vital factors [23]. Muller et al. (2019) identified flexibility, 

knowledge diversity, and digital literacy as drivers of 

cultural change and innovation [24]. Asad Amraji et al. 

(2019) proposed a maturity model for digital transformation, 

emphasizing elements like digital culture, open innovation, 

and personalized digital services [25]. Together, these 

studies underscore the multifaceted nature of digital 

transformation culture and its critical role in organizational 

success. 

Tehran Province Water and Wastewater Company is a 

critical organization responsible for supplying and 

distributing water and managing wastewater for the 

metropolis of Tehran. Given technological advancements 

and high stakeholder expectations, including citizens 

(customers), diverse suppliers and contractors (external 

stakeholders), and employees and workers (internal 

stakeholders), this company faces heightened demands. 
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Leading organizations have successfully implemented 

digital transformation by leveraging AI, eliminating manual 

processes, adopting flat structures, facilitating participatory 

decision-making, and automating operations across all 

sectors. Consequently, expectations from this company span 

agility, efficiency, and precision in production, distribution, 

operations, revenue management, customer services, and 

administrative and welfare functions. Although several 

digital platforms, automation systems, diverse applications, 

and electronic sales offices have been established, 

embedding a culture of digital transformation within all 

layers of the Tehran Province Water and Wastewater 

Company requires identifying enabling factors and drivers. 

By recognizing these factors and fostering organizational 

synergy, the ideal goal of establishing a digital 

transformation culture can be achieved. 

2. Methodology 

This study is applied in purpose and employs an 

exploratory mixed-methods approach. Mixed-methods 

research allows for the simultaneous advantages and 

strengths of qualitative and quantitative methods to be 

utilized (Johnson et al., 2004). In the qualitative phase, 

thematic analysis was employed, while the quantitative 

phase utilized interpretive structural modeling (ISM). 

The qualitative research population consisted of experts 

with a minimum of 25 years of work experience in Tehran 

Province Water and Wastewater companies, at least 15 years 

of managerial experience, and a minimum of a master’s 

degree. A total of 14 participants were purposefully selected 

until data saturation was reached. In the quantitative phase, 

the statistical population included 600 employees of the 

Tehran Province Water and Wastewater Company. A simple 

random sampling method was used to determine the sample 

size, and the Morgan formula was applied, resulting in a 

sample size of 234 participants. 

For data collection, semi-structured in-depth interviews 

were conducted in the qualitative phase, while a researcher-

designed questionnaire (based on the qualitative model) was 

used in the quantitative phase. Qualitative data analysis was 

conducted using the six-step coding process proposed by 

Braun and Clarke (2006), which includes familiarization 

with the text, generating initial codes, searching and 

identifying themes, mapping thematic networks, and 

producing a final report. 

In the quantitative phase, data analysis employed 

descriptive statistics, confirmatory factor analysis (using 

SmartPLS software), and interpretive structural modeling 

based on the input of 12 experts. 

3. Findings and Results 

The findings of this study correspond to the steps of the 

interpretive structural modeling (ISM) process. The steps 

and their results are presented below in sequence: 

Step 1: Identifying the Drivers of Digital 

Transformation Culture 

To identify these drivers, thematic analysis was used. 

Semi-structured interviews were conducted with 12 experts 

purposefully selected. The interviews were coded, resulting 

in 21 basic themes extracted and categorized into six main 

themes. Data analysis was conducted iteratively and 

meticulously to achieve theoretical saturation for the 

primary and secondary themes. During the analysis, 

categories were continuously reviewed and revised. The 

qualitative phase of the study consisted of two parts: 

1. Text Analysis of Interviews: The interview texts 

were thoroughly examined and coded. 

2. Extraction and Categorization of Themes: The basic 

themes extracted from the interviews were grouped 

into six main themes and analyzed. 

Table 1. Comprehensive, Organizing, and Basic Themes 

Organizing Themes Basic Themes 

Leadership Creating a clear vision, nurturing digital talents, taking a comprehensive view of technology opportunities and risks. 

Digital Transformation 

Program 

Organization-wide strategy, forward-looking and comprehensive planning, coordinated actions, value creation from 

technologies. 

Employees Awareness of the need for transformation, flexibility, high learning capacity, digital opportunism. 

Digital Technology Appropriate hardware infrastructure, suitable software infrastructure, strong digital security. 

Structure Low centralization, extensive communication, appropriate regulations. 

Managers Digital mindset, openness to change, ability to manage changes, learning capacity. 

 

As shown, the indicators identified from the qualitative 

phase include: 
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 Leadership (creating a clear vision, nurturing 

digital talents, taking a comprehensive view of 

technology opportunities and risks), 

 Digital Transformation Program (organization-

wide strategy, forward-looking and comprehensive 

planning, coordinated actions, value creation from 

technologies), 

 Employees (awareness of the need for 

transformation, flexibility, high learning capacity, 

digital opportunism), 

 Digital Technology (appropriate hardware 

infrastructure, suitable software infrastructure, 

strong digital security), 

 Structure (low centralization, extensive 

communication, appropriate regulations), 

 Managers (digital mindset, openness to change, 

ability to manage changes, learning capacity). 

Step 2: Constructing the Structural Self-Interaction 

Matrix 

After identifying the components of the model for drivers 

of digital transformation culture, a 6x6 square matrix was 

designed. This matrix serves as the questionnaire for the 

interpretive structural model (ISM). The questionnaire was 

used to collect expert opinions, examining the pairwise 

relationships between components. In the matrix, 

components may have bidirectional, unidirectional, or no 

relationships. The types of relationships are defined as 

follows: 

 V: Component i influences component j. 

 A: Component j influences component i. 

 X: Components i and j mutually influence each 

other. 

 O: Components i and j have no relationship. 

In this study, 12 academic experts completed the 

questionnaire, providing their assessments of the 

relationships between components using the defined 

symbols. Since reciprocal relationships between 

components can be derived from the upper triangle of the 

matrix, completing only the upper triangle is sufficient, 

leaving the main diagonal blank. 

For aggregating expert opinions, averages could not be 

used, as the final matrix must consist of binary values (0 and 

1). Therefore, the most appropriate approach was to use 

frequency and mode. To better identify the components, 

each was labeled C1 through C6 in the rows and columns of 

the table. Based on the mode derived from the frequency 

distribution, the experts' opinions on the influence of each 

component on another were reviewed, and the resulting data 

formed the final structural self-interaction matrix. 

Table 2. Structural Self-Interaction Matrix of Components 

Component Variable Name C1 C2 C3 C4 C5 C6 

C1 Leadership X V X V X V 

C2 Digital Transformation Program  X A V V  

C3 Employees   X V V  

C4 Digital Technology    X A  

C5 Structure     O  

 

Step 3: Formation of Initial Reachability Matrix 

In the next step of the study, the structural self-interaction 

matrix was converted into a binary matrix of 0s and 1s, 

resulting in the initial reachability matrix. To construct this 

matrix, symbols X and V in each row of the structural self-

interaction matrix were replaced with 1, and symbols A and 

O were replaced with 0. The resulting matrix, shown in 

Table 3, is referred to as the initial reachability matrix. The 

diagonal elements were set to 1. 

The initial reachability matrix indicates whether a row 

variable can "reach" a column variable along a continuous 

and directed path. It describes accessibility for all paths of 

length 0 and 1. 

Table 3. Formation of the Initial Reachability Matrix 

Component Variable Name C1 C2 C3 C4 C5 C6 

C1 Leadership 1 1 1 1 1 1 

C2 Digital Transformation Program 1 1 1 0 1 1 

C3 Employees 1 1 1 1 1 1 

C4 Digital Technology 0 1 1 1 1 1 

C5 Structure 0 0 0 0 1 0 
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C6 Managers 1 1 1 1 1 1 

Step 4: Formation of Final Reachability Matrix 

After constructing the initial reachability matrix, its 

internal consistency needed to be established. For instance, 

if component i influences component j, and component j 

influences component k, then component i should also 

influence component k. If this condition was not satisfied in 

the initial reachability matrix, it was corrected by adding the 

omitted secondary relationships. These corrections in the 

final reachability matrix are marked with the symbol 1*. 

In this study, two secondary relationships were observed 

and incorporated into the initial reachability matrix. As 

shown in Table 4, the consistency of the initial reachability 

matrix was ensured, and the influence power and 

dependence degree of each component were identified. 

Influence Power: The influence of a component on other 

components is calculated as the sum of the numbers in each 

row for that component in the final reachability matrix. 

Dependence Degree: The extent to which a component is 

influenced by other components is calculated as the sum of 

the numbers in each column for that component in the final 

reachability matrix. 

Table 4. Formation of Final Reachability Matrix 

Component Variable Name C1 C2 C3 C4 C5 C6 Influence Power 

C1 Leadership 1 1 1 1 1 1 6 

C2 Digital Transformation Program 1 1 1 0 1 1 5 

C3 Employees 0 1 1 1* 1 1 5 

C4 Digital Technology 0 1* 1 1 1 1 5 

C5 Structure 0 0 1 0 1 0 2 

C6 Managers 1 1 1 1 1 1 6 

Dependence Degree  3 5 5 4 6 5  

Step 5: Formation of Reachability, Antecedent, and 

Intersection Sets 

To determine the levels of components in the final model, 

reachability, antecedent, and intersection sets were 

identified for each component: 

 Reachability Set (Outputs): Components 

accessible from a specific component, including the 

component itself and those it influences. 

 Antecedent Set (Inputs): Components that 

influence a specific component, including the 

component itself. 

 Intersection Set: The overlap between the 

reachability and antecedent sets. 

After determining the reachability and antecedent sets for 

each component, the intersection elements were identified. 

Step 6: Determining Relationships and Hierarchies 

Among Components 

In this step, the levels of each component were 

determined. Components whose intersection sets matched 

their reachability sets were identified as the top-level (least 

influential) components in the ISM hierarchy. These 

components exert minimal influence on other components. 

After identifying the highest-level components, they were 

removed from the reachability, antecedent, and intersection 

sets of other components. This process was repeated until all 

components were assigned a level. 

As shown in Table 5, in the first iteration, the 

organizational structure was identified as a first-level 

component and removed. The model proceeded to the 

second iteration. 

Table 5. First-Level Iteration 

Component Variable Name Reachability Set Antecedent Set Intersection Set Level 

C1 Leadership 1-2-3-4-5-6 1-2 1-2  

C2 Digital Transformation Program 1-2-3-5-6 1-2-3-4-6 1-2-3-6  

C3 Employees 1-2-3-4-5-6 3-4-6 3-4-6  

C4 Digital Technology 1-2-3-5-6 1-2-3-4-6 1-2-3-6  

C5 Structure 5-6 1-2-3-4-5-6 5-6 1 

C6 Managers 1-2-3-4-5-6 2-4 2-4  
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As shown in Table 6, in the second iteration, Digital 

Transformation Program and Digital Technology were 

identified as second-level components and removed. 

Table 6. Second-Level Iteration 

Component Variable Name Reachability Set Antecedent Set Intersection Set Level 

C1 Leadership 1-2-3-4-6 1-2 1-2  

C2 Digital Transformation Program 1-2-3-6 1-2-3-4-6 1-2-3-6 2 

C3 Employees 1-2-3-4-6 1-3-4-6 1-3-4-6  

C4 Digital Technology 1-2-3-6 1-2-3-4-6 1-2-3-6 2 

C6 Managers 1-2-3-4-6 2-4 2-4  

Finally, as shown in Table 7, the remaining 

components—Leadership, Employees, and Managers—

were identified as the most influential components at the 

third level of the model. 

Table 7. Third-Level Iteration 

Component Variable Name Reachability Set Antecedent Set Intersection Set Level 

C1 Leadership 1 1 1 3 

C3 Employees 1 1 1 3 

C6 Managers 1 1 1 3 

 

Step 7: Drawing the Interpretive Structural Model 

and Interaction Network 

The final model of the components influencing the 

interpretive structural model of the drivers of digital 

transformation culture in the Tehran Province Water and 

Wastewater Company includes the hierarchical positioning 

of components relative to one another and their relationships 

across three defined levels, as shown in Figure 1. 
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Figure 1. Interpretive Structural Model of Drivers of Digital Transformation Culture in the Tehran Province Water and Wastewater Company 

Step 8: Analysis of the MICMAC Power-Dependence 

Diagram 

In the interpretive structural model, the mutual 

relationships and influences between components, as well as 

their interactions across different levels, are clearly depicted, 

facilitating a better understanding of the decision-making 

framework for the Tehran Province Water and Wastewater 

Company officials. 

The power-dependence diagram is formed to determine 

the key criteria for influence power and dependence of the 

components in the final reachability matrix. Both the 

"interpretive structural model" and the "power-dependence 

diagram" involve similar computational processes. 

However, while the interpretive structural model only helps 

to understand the direct relationships between components 

by showing the hierarchical structure, the power-dependence 

diagram serves as an analytical tool to classify components 

based on their hidden and indirect relationships. 

Based on the influence power and dependence of the 

components, a coordinate plane can be defined, dividing 

components into four categories: autonomous, dependent, 

linkage, and foundational. 

 Autonomous Area: Components have low 

dependence and low influence power. 

 Dependent Area: Components have strong 

dependence but weak influence power. 

 Foundational Area (Key): Components have low 

dependence but high influence power. 

 Linkage Area: Components have both high 

dependence and high influence power. 

As shown in Figure 2, the organizational structure 

component (C5) is in the dependent area, the digital 

transformation program and digital technology components 

(C2, C4) are in the linkage area, and the leadership, 

employees, and managers components (C1, C3, C6) are in 

the foundational (key) area. 
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Figure 2. Power-Dependence Diagram of Components 

Reliability is equivalent to dependability in quantitative 

research. It refers to the degree to which data can be 

reproduced and replicated by other researchers. This means 

that the findings and results presented by the researcher 

should accurately reflect the perceptions and thoughts of the 

respondents. 

Various methods exist for assessing reliability in 

qualitative research, typically divided into the following four 

categories. In this study, the last two methods were used: 

1. Utilizing structured processes from convergent 

interviews. 

2. Organizing structured processes for recording, 

documenting, and interpreting data. 

3. Having at least two individuals conduct interviews 

separately but in parallel. 

4. Comparing the findings of two or more researchers. 

4. Discussion and Conclusion 

As businesses face a Darwinian era of digital 

transformation, digital transformation has become a key 

term for entering modern domains. Its effectiveness across 

all areas is undeniable, and organizations that successfully 

weather this disruptive storm will be those with cultural 

readiness, strong leadership, structural reinvention, and the 

ability to adapt to technological demands. 

Since the ultimate goal of this research is to establish a 

culture of digital transformation in the organization 

responsible for water supply and wastewater management in 

Tehran, identifying the drivers and enablers of digital 

transformation and innovation is a critical step. It is essential 

to determine which drivers and stimulators play a 

fundamental, key, and influential role so they can be 

leveraged as tools for transformation. Therefore, the results 

of the interpretive structural model (ISM) for the drivers of 

digital transformation culture in the vast water and electricity 

industry are worth discussing. 
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The findings are consistent with Stoyanov's results 

regarding the role of employees and managers in digital 

transformation [17]. Both studies emphasize that creating a 

digital culture is impossible without a mission and objectives 

that employees pursue. In both studies, it was confirmed that 

leaders are responsible for providing experiences and 

inspiration to drive change, while reducing resistance and 

stress and activating their creative potential. 

The findings of another study [16], including drivers such 

as digital competence, employee IT skills, commitment to 

organizational goals, organizational environment, 

organizational design, performance management, employee 

development, resources, vision, values, informal interaction, 

behavioral stimulation, and fostering innovation, align with 

the findings of this study. There is agreement in the areas of 

work structure, asset management, and customer 

relationships. 

The findings of Muhammad Jasrif Teguh (2022), in the 

study titled "Examining the Characteristics of Digital 

Organizational Culture," align with this research. Teguh 

identified drivers such as mutual collaboration, digital 

leadership, digital innovation culture, employee digital 

skills, digital technology change orientation, digital data 

management, risk-taking, customer experience focus, 

agility, and digital mindset. These align with this research, 

emphasizing interfunctional collaboration, digital 

leadership, digital innovation culture, digital literacy, and 

adaptability. 

This research is consistent prior studies [18, 19]. Both 

studies revealed the relationship between digital 

organizational culture and digital capabilities with digital 

innovation. They highlighted drivers such as organizational 

readiness, digital capabilities, innovation, focus on digital 

capabilities, digital organizational culture, management, 

values, shared beliefs, transformation, and the integration of 

technological resources. 

The findings regarding digital technology components 

(suitable hardware and software infrastructure, strong digital 

security) align with the prior studies [20, 21]. Both 

emphasized drivers like applying digital technologies, ICT, 

AI, big data, and social media, and highlighted structured 

training, dynamic capabilities, and adaptability to 

environmental changes. 

Studies [22, 23, 26] align with this research, emphasizing 

the role of IT contexts, fostering innovative culture, and 

leadership support in digital transformation. They 

underscore the importance of understanding customers, 

product innovation, and cultural adaptation to organizational 

performance improvements. 

In contrast, this research diverges from some studies [19] 

[24] regarding control-based leadership approaches, control-

driven cultures, and the limited diversity in digital 

innovation networks. However, it aligns with prior studies 

[27, 28] which consider digital organizational culture as a 

process shaped by uncertainty in technology-driven 

environments, emphasizing flexible organizational designs 

and holistic evolutionary perspectives. 

Findings [7, 29, 30] support the significance of 

organizational strategy, culture, digital technologies, and 

cross-functional organizational changes, highlighting the 

importance of redefining organizational strategies in digital 

domains. 

The power-dependence diagram divided components into 

four areas: 

1. Autonomous Components: Low influence and 

dependence; none identified in this study, 

indicating strong interconnectedness. 

2. Dependent Components: High dependence and 

low influence; the organizational structure falls 

here, indicating its susceptibility to changes in other 

components. 

3. Linkage Components: High influence and 

dependence; digital transformation programs and 

technologies are here, showing their dynamic 

impact on the system. 

4. Independent Components: High influence and 

low dependence; leadership, employees, and 

managers are foundational and significantly 

influence other components. 

The power-dependence analysis reveals the importance 

of both direct (linear) and indirect (nonlinear) relationships 

between components. Among the six elements 

(organizational structure, digital transformation program, 

digital technology, leadership, employees, and managers), 

leadership, managers, and employees are the most critical 

drivers of digital transformation culture. In subsequent 

levels, attention to digital transformation programs, digital 

technologies, and organizational structure is vital for 

establishing a digital transformation culture. 
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