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ABSTRACT 

From a practical perspective, the concept of sustainable development in science and technology parks refers to establishing an effective 

balance between the current needs of society and future requirements. On one hand, technology parks function as hubs for the growth of 

start-ups and the strengthening of technological innovation; on the other hand, their environmental and social responsibilities must be 

structurally and behaviorally institutionalized at all levels of their activities. Therefore, designing conceptual models to enhance sustainable 

development management in this domain is of considerable importance. Accordingly, the purpose of this study was to design a sustainable 

development management model in science and technology parks. The research method was descriptive-causal. In the first phase of the 

study, an interpretive-structural modeling (ISM) approach was used to design the sustainable development management model in science 

and technology parks. In the second phase, the designed model was tested using structural path modeling within the PLS framework. Data 

collection was conducted through two questionnaires, which were distributed among members of the statistical sample after verifying their 

validity and reliability. The statistical population consisted of all managers of science and technology parks, and the final sample included 

181 participants. The findings from the interpretive-structural modeling phase indicate that the conceptual model of sustainable development 

management in science and technology parks is structured across six levels. The managerial commitment component demonstrated the 

highest level of influence, whereas innovation and research and development exhibited the greatest level of dependence within the conceptual 

model. Furthermore, the results of the structural path modeling phase confirmed the significance of all identified relationships and validated 

the designed model in the studied population. 
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Introduction 

Sustainable development has increasingly emerged as a central paradigm guiding organizational strategy, 

national policy, and global governance frameworks. As environmental degradation, resource scarcity, social 

inequities, and technological disruptions intensify, institutions across sectors have recognized the necessity of 

integrating sustainability into core management and operational structures. The Sustainable Development Goals 

(SDGs) adopted by the United Nations present a comprehensive blueprint that has influenced not only 

governmental action but also corporate governance, higher education, supply chain design, and entrepreneurial 

ecosystems. However, translating the ambition of sustainable development into actionable managerial models 
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remains a complex undertaking, requiring interdisciplinary approaches, innovative mechanisms, and adaptive 

leadership practices. The management literature has thus increasingly focused on identifying frameworks, 

organizational capabilities, and stakeholder dynamics that enable institutions to achieve sustainability targets 

effectively. 

Emerging global analyses emphasize that academic research plays a crucial role in clarifying conceptual 

foundations and implementation pathways for SDG-related strategies. A comprehensive interpretive review of SDG-

related scholarship in the management domain highlights that research contributions remain fragmented, with 

uneven attention to the interactive and systemic nature of sustainable development processes (1). Scholars argue 

that a deeper understanding is required regarding how organizations translate SDG commitments into practical 

governance routines, operational mechanisms, and technology-enabled capabilities. Aligning with this perspective, 

environmental management research proposes the value of empirical models that reduce SDG complexity by 

identifying key dimensions and decision pathways that organizations can adopt to improve sustainability outcomes 

(2). 

Sustainable development implementation is also profoundly shaped by organizational culture, stakeholder 

engagement, and the presence of enabling institutional environments. In higher education settings, for example, 

interdisciplinary analyses reveal that the integration of sustainability principles into institutional management 

practices is strongly influenced by cultural norms, leadership priorities, and organizational learning capacity (3). 

Similarly, corporate sustainability studies underscore the significance of engaging diverse stakeholder groups—

including employees, communities, investors, and regulatory bodies—to build competitive advantage and legitimacy 

in markets increasingly oriented toward environmental responsibility (4). In emerging economies, sustainability 

practices are often mediated by pressures from global value chains, institutional reforms, and public expectations, 

which shape both opportunities and constraints for organizations seeking to embed sustainability in their operations. 

A growing segment of the literature highlights the need for strategic frameworks that help organizations 

operationalize sustainability holistically. For instance, the development of sustainability-driven oversight 

mechanisms within modern corporate boards represents a notable governance innovation, enabling firms to monitor 

sustainability performance and ensure alignment with long-term societal expectations (5). Similarly, parliamentary 

oversight mechanisms have been identified as essential tools for ensuring accountability in national SDG 

implementation processes, emphasizing the role of political institutions in promoting transparency and public trust 

(6). 

Moreover, sustainability challenges increasingly intersect with advancements in digitalization and artificial 

intelligence. Research examining the interaction between machine learning tools and sustainable development 

initiatives demonstrates substantial potential for enhancing the efficiency, prediction capabilities, and success rate 

of sustainability projects (7). Artificial intelligence has also been recognized as a transformative enabler across 

sectors, offering innovative pathways for achieving global sustainability goals through data-driven insights, 

automated decision systems, and enhanced operational monitoring (8). During the COVID-19 pandemic, AI-driven 

technologies became critical components of crisis response, revealing the capacity of digital tools to support SDG 

progress under rapidly changing circumstances (9). Additionally, digitalization has significantly shaped urban 

sustainability trajectories, with economic analyses demonstrating how digital infrastructure can improve 

environmental, economic, and social indicators across metropolitan regions (10). 
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Entrepreneurship research similarly reflects the influence of digital transformation on sustainability-oriented 

business models. The emergence of digital financial capabilities, fintech governance mechanisms, and anti-money 

laundering compliance frameworks is increasingly recognized as integral to promoting sustainable entrepreneurship 

in the digital era (11). Within the context of public knowledge institutions, studies show that ethical values mediate 

the effectiveness of smart sustainable development initiatives, such as those implemented in next-generation digital 

libraries (12). Collectively, these insights indicate that the digital transformation of organizational practices is not 

only altering traditional business processes but also expanding the resource base available for implementing 

sustainability programs. 

From a project management perspective, sustainability initiatives introduce a complex array of value creation 

requirements, risk considerations, and coordination challenges. Prior research emphasizes that project-based 

organizations must adopt a systemic view of value creation that aligns ecological, economic, and social imperatives 

when designing and implementing sustainability projects (13). Understanding the relational dynamics among project 

stakeholders is especially critical in developing countries, where international consulting agencies and local partners 

often confront structural inequalities, insufficient regulatory frameworks, and cultural barriers that impede 

sustainability outcomes (14). To manage these multisectoral challenges effectively, scholars have proposed the 

adoption of new analytical tools—including sustainability impact analyses and risk-based evaluation models—that 

enable managers to assess environmental implications, anticipate barriers, and strengthen resilience within 

sustainable product development cycles (15). 

Complementing these developments, strategic models targeting corporate sustainability implementation have 

sought to integrate life-cycle thinking and triple bottom line principles into SMEs, where resource scarcity and 

capability constraints are particularly salient (16). Research on sustainable manufacturing similarly identifies a series 

of operational, technological, and organizational factors that must be harmonized to support long-term sustainability 

performance across industrial sectors (17). Waste management studies further illustrate this point: a multi-criteria 

examination of waste-to-energy technologies showed that the selection of environmentally appropriate solutions 

requires multifactorial decision frameworks that balance ecological impacts, financial viability, and societal priorities 

in alignment with SDGs (18). In the construction sector, analyses of demolition waste management provide evidence 

that industry practices are increasingly adapting to SDG-oriented frameworks, supported by both academic insights 

and evolving industrial norms (19). 

Despite the breadth of research on sustainability, many organizations—especially SMEs—continue to face 

significant obstacles in adopting sustainable development practices. Empirical assessments reveal that resource 

limitations, market uncertainties, institutional weaknesses, and technological gaps constitute prominent barriers, 

while management commitment to environmental practices plays a mediating role in overcoming these challenges 

(20). Comparative analyses suggest that effective sustainability initiatives rely on cultivating organizational 

competencies and leadership mindsets capable of reconciling short-term operational pressures with long-term 

sustainability goals. This insight aligns with broader cross-sector findings indicating that management commitment 

serves as a key determinant of sustainability performance across industries and contexts. 

Furthermore, the evolution of sustainability reporting frameworks has amplified expectations for transparency 

and accountability. Integrative analyses demonstrate the importance of linking reporting mechanisms with SDG 

frameworks to create meaningful pathways for monitoring organizational progress and communicating sustainability 

commitments to stakeholders (21). Within capital markets, the role of asset management institutions in directing 
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sustainable investment toward SDG-aligned outcomes has become increasingly pronounced, reshaping investment 

decision processes and influencing corporate sustainability strategies (22). Similarly, international research 

highlights that organizational support for sustainability at the national and regional levels varies widely, influenced 

by cultural norms, governance structures, and economic conditions, as evidenced in the examination of corporate 

SDG engagement in South Africa (23). 

Resource management strategies also constitute a critical dimension of sustainable development 

implementation. Studies focused on circular economy systems and urban mining reveal that organizations must 

identify critical success factors—such as technology readiness, regulatory support, and resource recovery 

maturity—to optimize sustainable resource management and reduce ecological harm (24). In addition, analyses of 

sustainable product development stress the necessity of systematically assessing environmental risks throughout 

design and production cycles to minimize negative impacts and ensure alignment with sustainability principles (15). 

Education and capacity-building mechanisms play a similarly essential role in embedding sustainable 

development principles. Empirical studies conducted within management education institutions demonstrate that 

curriculum design, institutional leadership, and stakeholder engagement significantly influence the integration of 

sustainability knowledge, shaping the competencies of future managers and organizational leaders (25). These 

findings underscore the broader need for educational and organizational systems that cultivate sustainability 

literacy, critical thinking, and multi-stakeholder collaboration. 

Finally, the interplay between sustainability oversight, digital innovation, stakeholder engagement, and 

organizational learning demonstrates that sustainable development is inherently multi-dimensional. It requires 

interconnected competencies that span governance, technology, human capital, and financial systems. Given the 

broad array of challenges and opportunities presented in contemporary sustainability research—from digital 

transformation and circular economy innovations to risk management and stakeholder dynamics—there is a clear 

need for integrated conceptual models that synthesize managerial, organizational, and technological factors into 

coherent sustainability management frameworks. 

Accordingly, the aim of this study is to develop a comprehensive conceptual model for sustainable development 

management that incorporates organizational, technological, cultural, and strategic factors influencing sustainability 

implementation. 

Methods and Materials 

This study is applied in terms of its objective and descriptive–causal in terms of its methodological approach. 

The research was conducted in two stages. In the first stage, a sustainable development management model for 

science and technology parks was designed. In the second stage, the developed model was tested using empirical 

data. 

The statistical population of this study was divided into two groups based on the research stages. In the first 

stage, experts familiar with the subject matter were selected to assist in designing the research model. These 

experts possessed the following characteristics: 

1. Managers of science and technology parks with more than five years of managerial experience and 

familiarity with sustainable development management. 

2. University faculty members with a track record of teaching and publishing articles in the field of sustainable 

development management. 
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To identify these individuals, repeated visits were made to various science and technology parks, and expert 

profiles were collected from different sources. Based on these procedures and the required criteria, fourteen experts 

were selected for this stage, including five university professors and nine managers of science and technology 

parks. 

In the second stage, the model was tested using empirical data. The statistical population for this part consisted 

of all managers at various levels in science and technology parks across the country. According to data from the 

Ministry of Science, Research, and Technology, there are 54 science and technology parks nationwide. Thus, the 

total number of managers in the population was estimated to be 324. The sample size was determined using the 

Krejcie and Morgan table, resulting in a sample of 181 managers. Sampling in this stage was carried out using 

stratified random sampling. 

Two questionnaires were used to collect data. In the first stage, a pairwise comparison questionnaire based on 

the interpretive structural modeling (ISM) method was used. Since ISM relies on expert judgments, experts 

determined the influence of each factor on other factors in the model through pairwise comparisons. 

In the second stage, a researcher-developed questionnaire was used. This questionnaire consisted of three main 

sections. The first section provided a brief explanation of sustainable development management in science and 

technology parks for the respondents. The second section included demographic information. The third section 

contained the questionnaire items. In the third section, respondents indicated their level of agreement with each 

statement using a five-point Likert scale ranging from strongly disagree to strongly agree. The validity of the 

questionnaire was initially assessed through face validity, and after distribution and data collection, the validity of 

each construct was evaluated and confirmed using the average variance extracted (AVE). Reliability was assessed 

using Cronbach’s alpha coefficient for each main component, and all coefficients indicated acceptable reliability. 

For data analysis, interpretive structural modeling (ISM) was employed in the first step to design the sustainable 

development management model. After designing the model, structural path modeling was conducted using PLS 

software to test the model. 

Findings and Results 

In this section, based on the main components of sustainable development management in science and 

technology parks, the conceptual model was designed using interpretive structural modeling. Pairwise comparison 

questionnaires were distributed among the same experts from the qualitative stage. In the first step, based on 

majority opinions, the initial reachability matrix was constructed. This matrix represents the direct relationships 

between the components of sustainable development management. The initial reachability matrix is shown in Table 

1. 

Table 1. Initial Reachability Matrix 
 

SDM1 SDM2 SDM3 SDM4 SDM5 SDM6 SDM7 SDM8 

SDM1 0 1 1 1 0 0 0 0 

SDM2 0 0 0 1 1 0 0 0 

SDM3 0 0 0 0 1 0 0 1 

SDM4 0 0 0 0 1 1 0 0 

SDM5 0 0 0 0 0 1 0 1 

SDM6 0 0 0 0 0 0 1 0 

SDM7 0 0 0 0 0 0 0 0 

SDM8 0 0 0 0 0 0 1 0 
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In the next step, the final reachability matrix was calculated. To do this, the initial reachability matrix was first 

summed with an identity matrix of equal size, and then indirect relationships were computed. The final reachability 

matrix is presented in Table 2. 

Table 2. Final Reachability Matrix 
 

SDM1 SDM2 SDM3 SDM4 SDM5 SDM6 SDM7 SDM8 

SDM1 1 1 1 1 *1 *1 *1 *1 

SDM2 0 1 0 1 1 *1 *1 *1 

SDM3 0 0 1 0 1 *1 *1 1 

SDM4 0 0 0 1 1 1 *1 *1 

SDM5 0 0 0 0 1 1 *1 1 

SDM6 0 0 0 0 0 1 1 0 

SDM7 0 0 0 0 0 0 1 0 

SDM8 0 0 0 0 0 0 1 1 

 

The final reachability matrix indicates both direct and indirect relationships. The highlighted values represent 

indirect relationships. 

In the next step, the matrix was partitioned into levels. Variables were divided into reachability and antecedent 

sets, and level outputs were determined based on the intersection of these sets. Summarized results are presented 

in Table 3. 

Table 3. Final Leveling of Main Components of the Sustainable Development Management Model in 

Science and Technology Parks 

Output Intersection Antecedent Reachability Symbol Main Component Level 

SDM7 SDM7 SDM1, SDM2, SDM3, SDM4, SDM5, 
SDM6, SDM7, SDM8 

SDM7 SDM7 Innovation and R&D First 

SDM6 SDM6 SDM1, SDM2, SDM3, SDM4, SDM5, 
SDM6 

SDM6 SDM6 Risk Analysis and 
Evaluation 

Second 

SDM8 SDM8 SDM1, SDM2, SDM3, SDM4, SDM5, 
SDM8 

SDM8 SDM8 Supply Chain 
Sustainability 

Second 

SDM5 SDM5 SDM1, SDM2, SDM3, SDM4, SDM5 SDM5 SDM5 Reporting and 
Transparency 

Third 

SDM3 SDM3 SDM1, SDM3 SDM3 SDM3 Collaboration and 
Partnership 

Fourth 

SDM4 SDM4 SDM1, SDM2, SDM4 SDM4 SDM4 Use of Modern 
Technologies 

Fourth 

SDM2 SDM2 SDM1, SDM2 SDM2 SDM2 Training and 
Organizational Culture 

Fifth 

SDM1 SDM1 SDM1 SDM1 SDM1 Managerial Commitment Sixth 

 

Based on Table 3, the output of the first level is the main component Innovation and Research & Development, 

which lies at the highest level of the model. The second level includes Risk Analysis and Evaluation and Supply 

Chain Sustainability. The third level comprises Reporting and Transparency. The fourth level includes Collaboration 

and Partnership and Use of Modern Technologies. The fifth level consists of Training and Organizational Culture. 

The sixth and lowest level, representing the most influential component, is Managerial Commitment. 

In the final step, a diagram was created based on the variable levels and the elimination of indirect relationships, 

illustrating the conceptual model of sustainable development management in science and technology parks. This 

model is shown in Figure 1. 
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Figure 1. Conceptual Model 

The results of interpretive structural modeling in Figure 1 demonstrate that the foundation of sustainable 

development management in science and technology parks is Managerial Commitment, which includes sustainable 

vision and mission, leadership and role modeling, accountability and responsibility, resource allocation, and 

networking and collaboration. Positioned at the lowest level, this component is the most influential factor among all 

components of sustainable development management. Conversely, Innovation and R&D represents the most 

dependent component located at the uppermost level. Moving upward in the model reduces component influence 

and increases component dependence. The remaining components serve as intermediary factors supporting the 

transition from managerial commitment to innovation and R&D as the ultimate outcome of sustainable development 

management in science and technology parks. 

In this section, the conceptual model derived from interpretive structural modeling is tested using structural path 

modeling in PLS software. In structural path models, it is necessary to ensure the validity and reliability of the 

measurement models before examining the structural model. In the partial least squares approach, factor loadings 

and their significance, Cronbach’s alpha, composite reliability, and average variance extracted (AVE) are used to 

assess the validity and reliability of the measurement models. The results related to the factor loadings and their 

significance based on the t statistic are presented in Table 4. 
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Table 4. Factor Loadings and Their Significance for the Measurement Models 

Measurement Model Path Symbol Factor Loading Standard Error t-value Significance Level 

Managerial commitment SDM11 ← SDM1 0.949 0.019 49.385 0.000  

SDM12 ← SDM1 0.970 0.012 78.816 0.000  

SDM13 ← SDM1 0.957 0.014 67.616 0.000  

SDM14 ← SDM1 0.931 0.027 34.464 0.000  

SDM15 ← SDM1 0.941 0.025 37.314 0.000 

Training and organizational culture SDM21 ← SDM2 0.977 0.007 137.085 0.000  

SDM22 ← SDM2 0.947 0.024 39.701 0.000  

SDM23 ← SDM2 0.961 0.015 65.211 0.000  

SDM24 ← SDM2 0.970 0.009 113.688 0.000 

Collaboration and partnership SDM31 ← SDM3 0.947 0.022 42.288 0.000  

SDM32 ← SDM3 0.984 0.004 263.745 0.000  

SDM33 ← SDM3 0.942 0.019 49.777 0.000  

SDM34 ← SDM3 0.978 0.007 149.267 0.000  

SDM35 ← SDM3 0.971 0.010 101.485 0.000 

Use of modern technologies SDM41 ← SDM4 0.951 0.022 42.912 0.000  

SDM42 ← SDM4 0.945 0.024 39.025 0.000  

SDM43 ← SDM4 0.961 0.014 68.385 0.000  

SDM44 ← SDM4 0.976 0.006 157.052 0.000 

Reporting and transparency SDM51 ← SDM5 0.926 0.028 33.458 0.000  

SDM52 ← SDM5 0.961 0.013 76.805 0.000  

SDM53 ← SDM5 0.946 0.029 32.262 0.000  

SDM54 ← SDM5 0.981 0.004 230.373 0.000  

SDM55 ← SDM5 0.977 0.007 147.805 0.000 

Risk analysis and evaluation SDM61 ← SDM6 0.963 0.014 71.302 0.000  

SDM62 ← SDM6 0.944 0.017 55.429 0.000  

SDM63 ← SDM6 0.952 0.018 51.592 0.000  

SDM64 ← SDM6 0.970 0.009 105.109 0.000 

Innovation and research & development SDM71 ← SDM7 0.976 0.007 137.860 0.000  

SDM72 ← SDM7 0.939 0.028 34.038 0.000  

SDM73 ← SDM7 0.940 0.027 35.138 0.000  

SDM74 ← SDM7 0.963 0.012 77.867 0.000  

SDM75 ← SDM7 0.929 0.029 32.443 0.000  

SDM76 ← SDM7 0.959 0.016 58.133 0.000 

Supply chain sustainability SDM81 ← SDM8 0.963 0.011 87.160 0.000  

SDM82 ← SDM8 0.939 0.025 37.034 0.000  

SDM83 ← SDM8 0.941 0.026 36.145 0.000  

SDM84 ← SDM8 0.971 0.009 113.708 0.000 

 

Empirically, in assessing factor loadings, values less than 0.30 are considered weak and unacceptable; loadings 

between 0.30 and 0.50 are regarded as weak but acceptable; and loadings greater than 0.50 are considered 

appropriate and strong. A factor loading indicates the relationship between an indicator (observed variable) and its 

main component (latent variable). The results in Table 6 show that all factor loadings are greater than 0.50, which 

indicates an appropriate relationship between each main component and its corresponding indicators. Statistically, 

at the 95% confidence level, the t-value for each factor loading must be greater than 1.96. The results in Table 4 

show that the t-values for all factor loadings are greater than 1.96, indicating that all factor loadings are statistically 

significant. Accordingly, the relationships between the indicators and their corresponding main components in the 

measurement models are confirmed. Table 6 presents the values of Cronbach’s alpha, composite reliability, and 

average variance extracted. 
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Table 5. Results for Cronbach’s Alpha, Composite Reliability, and Average Variance Extracted 

Main Component Cronbach’s Alpha Composite Reliability Average Variance Extracted 

Managerial commitment 0.973 0.979 0.902 

Training and organizational culture 0.974 0.981 0.929 

Collaboration and partnership 0.981 0.985 0.930 

Use of modern technologies 0.970 0.978 0.919 

Reporting and transparency 0.978 0.982 0.918 

Risk analysis and evaluation 0.970 0.978 0.916 

Innovation and research & development 0.979 0.983 0.905 

Supply chain sustainability 0.967 0.976 0.909 

 

Cronbach’s alpha is a traditional index used to examine internal consistency among the indicators of a main 

component. The minimum acceptable value for this index is 0.70. The results in Table 5 show that Cronbach’s alpha 

for all main components is greater than 0.70, indicating internal consistency among the indicators of each 

component. Composite reliability is a more recent index than Cronbach’s alpha and, similarly, evaluates internal 

consistency among indicators; however, it incorporates the factor loadings of the indicators as weights when 

calculating internal consistency. The minimum acceptable value for this index is also 0.70. The results in Table 6 

show that composite reliability for all main components is greater than 0.70, confirming internal consistency among 

their indicators. Average variance extracted (AVE) examines whether each main component can explain at least 

50% of the variance of its indicators. Therefore, the minimum acceptable value for AVE is 0.50. The results in Table 

5 show that the AVE for all main components is greater than 0.50, indicating acceptable convergent validity for the 

measurement models. 

After ensuring the validity and reliability of the measurement models, the path coefficients related to the effects 

in the sustainable development management model in science and technology parks can be examined. Figure 2 

presents the path coefficients in the form of the structural path model, and Figure 3 shows the corresponding t-

values of the path coefficients. 

 

Figure 2. Model with Beta Values 
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Figure 3. Model with T-Values 

A summary of the results related to the path coefficients is presented in Table 6. 

Table 6. Summary of Path Coefficients in the Structural Model 

Path Path Symbol Path 
Coefficient 

Standard 
Error 

t-value Significance 
Level 

Managerial commitment → Training and 
organizational culture 

SDM1 → 
SDM2 

0.977 0.003 294.139 0.000 

Managerial commitment → Collaboration and 
partnership 

SDM1 → 
SDM3 

0.978 0.003 289.630 0.000 

Managerial commitment → Use of modern 
technologies 

SDM1 → 
SDM4 

0.457 0.091 5.004 0.000 

Training and organizational culture → Use of 
modern technologies 

SDM2 → 
SDM4 

0.528 0.091 5.805 0.000 

Training and organizational culture → Reporting 
and transparency 

SDM2 → 
SDM5 

0.289 0.074 3.896 0.000 

Collaboration and partnership → Reporting and 
transparency 

SDM3 → 
SDM5 

0.422 0.076 5.564 0.000 

Collaboration and partnership → Supply chain 
sustainability 

SDM3 → 
SDM8 

0.647 0.097 6.680 0.000 

Use of modern technologies → Reporting and 
transparency 

SDM4 → 
SDM5 

0.282 0.070 3.998 0.000 

Use of modern technologies → Risk analysis and 
evaluation 

SDM4 → 
SDM6 

0.398 0.097 4.123 0.000 

Reporting and transparency → Risk analysis and 
evaluation 

SDM5 → 
SDM6 

0.586 0.096 6.092 0.000 

Reporting and transparency → Supply chain 
sustainability 

SDM5 → 
SDM8 

0.339 0.097 3.496 0.000 

Risk analysis and evaluation → Innovation and 
R&D 

SDM6 → 
SDM7 

0.531 0.094 5.642 0.000 

Supply chain sustainability → Innovation and 
R&D 

SDM8 → 
SDM7 

0.457 0.094 4.845 0.000 

 

The results related to the path coefficients and their corresponding t-values in Table 6 show that all t-values are 

greater than 1.96. Accordingly, the relationships derived from the interpretive structural modeling stage and the 

effects of each main component in the sustainable development management model in science and technology 

parks are confirmed at the 95% confidence level. 
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Discussion and Conclusion 

The purpose of this study was to design and empirically validate a comprehensive model for sustainable 

development management in science and technology parks, integrating organizational, technological, cultural, and 

strategic determinants. The results obtained from both the interpretive structural modeling and PLS-based structural 

path analysis demonstrate that sustainable development is shaped by a hierarchical sequence of managerial, 

cultural, collaborative, technological, informational, and evaluative components that ultimately converge in 

innovation and research and development outcomes. These findings resonate with the multidisciplinary 

understanding of sustainable development presented in the literature and extend previous empirical evidence by 

demonstrating the systemic interdependencies among sustainability-related dimensions within the specific context 

of science and technology parks. 

A key finding of the study is the central position of managerial commitment as the most influential component, 

forming the foundation of the sustainable development management model. This finding strongly aligns with studies 

identifying leadership commitment, strategic alignment, and governance oversight as critical enablers of 

sustainability implementation. The emergence of sustainability oversight committees within modern board 

governance structures has been highlighted as an important mechanism for institutionalizing sustainability values 

and ensuring long-term strategic adherence (5). Similarly, research on SMEs underscores that managerial 

commitment significantly mediates the ability of firms to overcome barriers and pressures associated with 

sustainable development implementation (20). These insights from different organizational settings confirm the 

robustness of our findings: without managerial commitment, sustainability initiatives lack strategic clarity, resource 

allocation, and accountability structures necessary for continuity and success. 

The significant effect of managerial commitment on training and organizational culture—as well as collaboration 

and partnership—reveals that leadership influences sustainability both directly and indirectly. This relationship is 

consistent with evidence from interdisciplinary investigations into higher education environments, where 

organizational culture was found to be a decisive factor in internalizing sustainability principles (3). Studies 

examining stakeholder engagement in corporate settings further emphasize that empowered leadership fosters 

inclusive decision-making, strengthens green competitiveness, and mobilizes actors toward shared sustainability 

outcomes (4). The direct link found in this study between managerial commitment and organizational culture 

therefore reinforces the argument that cultural transformation is a leadership-driven process essential to enabling 

sustainable development. 

The findings also demonstrate that collaboration and partnership constitute a crucial intermediary mechanism 

influencing transparency, supply chain sustainability, and innovation outcomes. Extensive research corroborates 

the importance of network interaction and stakeholder collaboration in managing sustainable development projects, 

especially in developing countries where institutional constraints often hinder implementation (14). In addition, 

project management scholarship emphasizes that value creation in sustainability-oriented projects requires 

coordination among diverse stakeholders to align expectations and resolve tensions between environmental, 

economic, and social objectives (13). The results of the current study thus provide empirical support for these 

theoretical claims, highlighting collaboration not only as a normative principle of sustainability governance but also 

as a functional driver of performance in science and technology park ecosystems. 
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The study further found that the use of modern technologies significantly improves transparency, risk analysis, 

and sustainability-related reporting functions. These findings are highly consistent with research demonstrating that 

digitalization, artificial intelligence, and advanced computational tools enhance predictive capability, monitoring 

efficiency, and decision-making accuracy in sustainability projects. For instance, machine-learning-enhanced 

project assessment approaches have been shown to improve the ability of organizations to identify factors 

influencing project success (7). Similarly, studies on artificial intelligence-driven sustainable development reveal 

that AI supports SDG achievement by optimizing technical processes and organizational decision systems (8). In 

urban contexts, digitalization has been found to exert a measurable influence on sustainability indicators, 

demonstrating how technological adoption contributes directly to environmental and social improvements (10). 

Thus, the results of this study confirm that technology adoption is central to modern sustainability management, 

enabling science and technology parks to adopt more data-driven and transparent operational models. 

Reporting and transparency emerged as pivotal factors, exerting substantial effects on risk analysis and supply 

chain sustainability. This is strongly supported by sustainability reporting research emphasizing that effective 

reporting frameworks improve accountability, stakeholder engagement, and strategic alignment with the SDGs (21). 

The asset management literature further shows that transparent sustainability metrics enable investors to allocate 

capital toward sustainable development priorities, demonstrating the broader significance of reporting beyond 

internal governance (22). Additionally, empirical work has shown that environmental management education 

benefits from reduced complexity in sustainability models, allowing stakeholders to understand sustainability 

progress more clearly (2). Our findings suggest that in science and technology parks, transparency plays a similar 

role: it clarifies sustainability progress, facilitates risk anticipation, and supports supply chain continuity. 

The strong influence of risk analysis on innovation and R&D further underscores the strategic relationship 

between sustainability risk management and long-term competitiveness. Research on sustainable product 

development proposes risk assessment tools as essential to identifying environmental impacts and ensuring 

alignment with sustainability goals (15). In industrial contexts, the ability to identify key factors influencing 

sustainable manufacturing performance has also been shown to improve innovation-driven operational 

improvements (17). Moreover, research on waste management and circular economy systems highlights how risk-

based technology selection supports sustainable technology adoption and reduces ecological burdens (18, 24). 

Thus, the link in this study between risk evaluation and innovation echoes broader industry trends: organizations 

that manage sustainability risks effectively are more capable of driving innovation. 

The role of supply chain sustainability as a significant predictor of innovation and R&D outcomes reinforces global 

findings that sustainable supply chain management contributes to organizational resilience, environmental 

performance, and competitive advantage. Studies analyzing construction and demolition waste management 

demonstrate how industry-wide sustainability reforms directly support innovation in materials, processes, and 

lifecycle design (19). Corporate SDG analyses similarly show that sustainable supply chains form an essential 

component of systemic sustainability engagements across industries (23). Our findings extend this body of 

knowledge by demonstrating that in science and technology parks, sustainable supply chain mechanisms directly 

support innovation productivity and R&D capability. 

The central position of innovation and research and development as the most affected variable in the model is 

consistent with the literature emphasizing innovation as both the outcome and catalyst of sustainable development. 

AI-based entrepreneurship studies highlight how digital financial capabilities and compliance systems drive 
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sustainable innovation in entrepreneurial settings (11). Ethical values in smart sustainable systems similarly 

influence the innovative potential of digital and knowledge-based organizations (12). Studies on corporate SDG 

contributions stress that innovation is one of the primary channels through which organizations generate sustainable 

impact (1). The findings of this study confirm these arguments: innovation is not merely a technological outcome 

but the cumulative result of well-coordinated managerial, cultural, technological, and operational systems. 

Taken together, these findings contribute to the sustainability management literature by providing an integrative 

model that captures the hierarchical and causal interdependencies of sustainability factors within science and 

technology parks. The study provides empirical verification for theoretical arguments emphasizing systemic 

thinking, stakeholder collaboration, and technology-driven transformation in sustainable development processes. 

Moreover, it highlights that managerial commitment is the necessary starting point for all subsequent sustainability 

mechanisms—a finding firmly grounded in the sustainability governance literature. 

This study, while comprehensive, is limited by its reliance on self-reported data from managers of science and 

technology parks, which may introduce subjective bias. The sampling frame, although adequate, was restricted to 

a single national context, limiting cross-cultural generalizability. The interpretive structural modeling approach, by 

design, incorporates expert judgment, which may be influenced by participants’ prior experiences and assumptions. 

Additionally, the validated model reflects relationships among predefined constructs and may not capture emerging 

sustainability variables shaped by rapid technological and geopolitical changes. 

Future studies could replicate this model across different countries to compare cultural, institutional, and 

economic influences on sustainable development management. Longitudinal research designs may reveal how 

relationships among sustainability components evolve over time. Incorporating qualitative methods could provide 

deeper insights into managerial behaviors, stakeholder negotiations, and organizational decision processes. Future 

research may also integrate emerging elements such as blockchain governance, climate risk modeling, and 

regenerative design principles into sustainability management frameworks. 

Organizations operating in science and technology parks should prioritize managerial commitment as the 

foundation for sustainability initiatives. Investments in organizational culture, staff training, and digital transformation 

can support the transition from policy intention to operational practice. Strengthening collaboration networks, 

enhancing reporting systems, and implementing robust risk analysis tools will improve sustainability performance 

and innovation capability. Finally, integrating supply chain sustainability into strategic planning can enhance 

organizational resilience and support long-term value creation. 
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