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The aim of the present study was to model the process of enhancing the competitiveness of state-owned
industrial companies in the international market through the application of blockchain technology. The
research method was mixed (qualitative and quantitative). The statistical population in the model design
phase included faculty members in public administration, information technology, IT, and management
information systems at higher education institutions; senior managers and executives in the fields of
informatics, international marketing, and sales within state-owned industrial companies. In the validation
phase, the population included experts and professionals knowledgeable in the research topic across the
country, and in the quantitative phase, the population included all managers and staff members in marketing,
sales, informatics, IT, and international departments, as well as top, middle, and operational managers at
Sarcheshmeh Copper Complex in the winter of 2025 (totaling 646 individuals). In the qualitative phase, 18
experts were selected through snowball sampling; in the validation phase, 16 experts were chosen using
purposive sampling; and in the quantitative phase, 242 individuals were selected through stratified random
sampling. For data analysis, thematic analysis was used in the qualitative phase with initial coding, theme
construction, and theme refinement using semi-structured interviews in Atlas.ti software. For validation, the
Delphi method was conducted in three rounds using an expert evaluation checklist in SPSS software. In the
quantitative phase, structural equation modeling was employed using a 96-item questionnaire in Smart PLS
software. To establish validity and reliability in the qualitative phase, acceptability (expert review) and
confirmability (expert revision) were applied. In the validation stage, the content of the expert evaluation
checklist was confirmed for clarity and comprehensibility by several academic and organizational experts,
and its reliability was calculated and confirmed using the test-retest method (0.83). In the quantitative phase,
the questionnaire’s validity was confirmed using three methods: face and content validity (CVI between 0.80
and 1.00, CVR between 0.50 and 0.90), and construct validity (convergent validity ranging from 0.563 to
0.727 and discriminant validity exceeding correlations with other constructs). Reliability of the questionnaire
was confirmed using factor loadings (greater than 0.40), Cronbach’s alpha (0.710 to 0.820), and composite
reliability (0.794 to 0.889). According to the results of the qualitative phase, the final model consisted of six
main themes: 1) Technological Transformation and Innovation, 2) Transparency of the Smart Supply Chain,
3) Organizational Capacity Building, 4) Legal and Policy Environment, 5) Sustainable Economic
Advantage, and 6) Engagement with International Markets—comprising 24 sub-themes and 96 indicators.
The results of the validation phase confirmed the main and sub-themes identified in the qualitative phase.
The results of the quantitative phase indicated confirmation and explanatory power of the model components
in a real statistical population.
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EXTENDED ABSTRACT
Introduction

In the context of increasing global competition and rapid technological change, state-owned
industrial enterprises in developing countries are facing mounting pressure to transform their operations
and achieve international competitiveness. Competitiveness, broadly defined, refers to the ability of a
country, industry, or organization to offer products and services that meet the quality standards of the
global market at competitive prices while ensuring sustained economic returns. As Schwab (2010)
emphasized, national and organizational competitiveness is directly tied to productivity, innovation, and
efficient institutional frameworks (Schwab, 2010).

Despite their strategic importance in national economies, many state-owned enterprises (SOES),
particularly in Iran, remain hindered by bureaucratic inertia, limited transparency, fragmented information
systems, and outdated infrastructure. These limitations significantly impede their capacity to engage in
global markets where agility, traceability, and trust are paramount. Researchers have highlighted that
blockchain technology has the potential to address many of these systemic inefficiencies through
decentralization, enhanced transparency, and immutable recordkeeping (Fayyaz Bakhsh, 2021; Feng et al.,
2020; Helo & Hao, 2019).

Blockchain technology, which originated as the foundation of cryptocurrencies, has since evolved
into a powerful tool for enterprise applications, particularly in supply chain management and financial
services. Its decentralized and tamper-resistant architecture enables enhanced traceability, data integrity,
and process automation, making it highly relevant for improving supply chain transparency and
accountability (Bechtsis et al., 2019; Duan et al., 2020; Tao et al., 2019). These attributes are essential for
state-owned industrial firms seeking to regain trust in global markets and compete effectively against more
agile private and international actors.

However, implementing blockchain in state-owned contexts is not without challenges. Legal
ambiguities, low technological readiness, and resistance to organizational change often inhibit adoption.
Akter et al. (2024) underscore the regulatory and infrastructural barriers to blockchain diffusion in
traditional industries (Akter et al., 2024). Similarly, Kaur et al. (2024) note that for small and medium-sized
enterprises (SMESs), constraints such as lack of skilled personnel and integration complexity serve as major
impediments (Kaur et al., 2024).

Recent literature also suggests that blockchain can contribute significantly to fostering competitive
advantage in international trade by enhancing supply chain integration, enabling smart contracts, reducing
operational costs, and building consumer trust (Gong et al., 2024; Jeanneret Medina et al., 2024; Peres et al.,
2023). Nevertheless, despite its global momentum, the practical application of blockchain to increase
competitiveness in Iranian state-owned industrial companies remains under-researched.

Given this gap, the present study aims to model the determinants of international competitiveness
of state-owned industrial companies through the application of blockchain technology, using the
Sarcheshmeh Copper Complex as a case study. Drawing from qualitative insights and empirical
validation, the study offers a comprehensive framework for understanding how blockchain can transform
strategic, operational, and organizational dimensions of competitiveness.

Methods and Materials
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The study employed a mixed-method research design consisting of three phases: qualitative
exploration, expert validation, and quantitative testing.

In the qualitative phase, semi-structured interviews were conducted with 18 experts selected via
snowball sampling, including university professors in public administration and information systems, as
well as senior managers from state-owned industries. Thematic analysis was applied using Atlas.ti to
extract primary codes, themes, and categories. A total of 245 initial codes were generated, which were
refined to 96 key indicators organized under 24 sub-themes and 6 main themes.

In the validation phase, the Delphi technique was used in three rounds with 16 experts. The goal
was to determine the relevance and importance of each theme. A five-point Likert checklist was employed,
and agreement levels were measured using Kendall’s coefficient of concordance.

In the quantitative phase, a 96-item questionnaire was developed based on the validated conceptual
model. Stratified random sampling was used to select 242 respondents from a population of 646 staff
members across marketing, IT, international relations, and executive departments of the Sarcheshmeh
Copper Complex. Structural equation modeling (SEM) using Smart PLS software was employed for data
analysis.

Findings

The qualitative analysis yielded six primary dimensions essential for enhancing international
competitiveness through blockchain:

1. Technological Transformation and Innovation — including process automation, service
innovation, cyber-security, and decentralized data management.

2. Smart Supply Chain Transparency — involving transaction tracking, reduction of intermediaries,
operational cost efficiency, and security.

3. Organizational Capacity Building — such as technological readiness, employee empowerment,

IT infrastructure development, and change management.

4. Legal and Policy Environment — including legal transparency, supportive regulation,
government facilitation, and alignment with international standards.

5. Sustainable Economic Advantage — encompassing cost reduction, productivity enhancement,
blockchain-based product innovation, and value creation.

6. International Market Engagement — focusing on global transaction transparency, export market
expansion, and trust-building with international customers.

The Delphi validation showed strong expert consensus on the importance of each sub-theme, with
Kendall’s W ranging from 0.76 to 0.92 across rounds. Particularly, automation and operational efficiency
were highlighted as the most critical dimensions.

In the SEM analysis, all paths from latent variables to observed indicators showed significant
factor loadings (>0.4). The model demonstrated acceptable levels of convergent validity (AVE between
0.563 and 0.727) and discriminant validity. Reliability was confirmed via Cronbach’s alpha (0.710-0.820)
and composite reliability (0.794-0.889).

Overall, the model exhibited strong explanatory power, confirming that the six primary constructs
significantly influence international competitiveness in the context of a state-owned industrial enterprise.

Discussion and Conclusion

The findings of this study confirm that blockchain technology can serve as a strategic enabler for
transforming state-owned industrial firms into globally competitive entities. The identified themes suggest
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that competitiveness is a multi-faceted construct, influenced by a synergy between technological capacity,
organizational readiness, institutional support, and global market interaction.

Technological innovation, particularly in the form of process automation and decentralized
systems, was found to be pivotal. This reflects the broader shift in global industries towards digitization
and data-driven operations. Blockchain’s potential to reduce human error, increase process transparency,
and eliminate fraudulent activities aligns with global trends in supply chain modernization.

The significance of smart supply chain transparency highlights the need for traceability and
accountability in international trade. By enabling immutable records and real-time tracking, blockchain
empowers firms to assure stakeholders of the authenticity and quality of their products—Kkey factors in
building trust and brand reputation globally.

Organizational readiness emerged as another critical enabler. The study underscores that without
a supportive internal culture, skilled personnel, and flexible infrastructure, the benefits of blockchain
cannot be fully realized. This reinforces the argument that technological adoption must be accompanied
by strategic change management and continuous learning.

Legal and policy dimensions also play a vital role in facilitating blockchain adoption. Clear
regulatory frameworks, legal transparency, and alignment with international standards help reduce
uncertainty and foster innovation. The study confirms that government facilitation and inter-agency
cooperation are instrumental for scaling blockchain initiatives.

The economic implications of blockchain, including cost savings, improved efficiency, and value-
added innovation, were validated through both expert judgment and statistical analysis. These outcomes
not only contribute to financial sustainability but also enhance the global competitiveness of state-owned
enterprises.

Finally, the theme of international market interaction reflects the outward orientation required for
global competitiveness. Blockchain enables secure, verifiable, and rapid cross-border transactions, which
are crucial for firms operating in volatile global markets.

In conclusion, this study provides a robust model for leveraging blockchain technology to enhance
the international competitiveness of state-owned industrial enterprises. The Sarcheshmeh Copper
Complex, as a leading industrial firm, offers a compelling case for the broader applicability of this model
in other strategic sectors. Policymakers and industrial managers are encouraged to adopt a systemic
approach—encompassing technological, organizational, and regulatory reforms—to unlock the full
potential of blockchain in driving economic competitiveness.
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