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CrossMask

This study aimed to identify and explain the dimensions, components, and indicators of
organizational leadership required for the implementation and management of emerging
technologies in the National Iranian Oil Company. This applied qualitative study was conducted
in two sequential phases. First, a qualitative meta-synthesis was performed on scientific studies
published between 2000 and 2025. Relevant sources were retrieved from major Iranian and
international databases. Of 110 initially identified studies, 75 met the inclusion and quality
criteria and were analyzed. Second, semi-structured interviews were conducted with managers
and experts from the National Iranian Oil Company to refine and contextualize the literature-
based findings. Participants were selected through purposive and snowball sampling until
theoretical saturation was reached. Interview data were analyzed using directed content analysis.
Indicator validity was assessed through the content validity ratio, while coding reliability was
examined using Cohen’s kappa. The meta-synthesis generated 58 open codes and 26 axial codes.
Integration of documentary and interview findings resulted in 9 major dimensions and 33
subcomponents. The final dimensions were strategic alignment and future-oriented vision,
change management and digital culture development, technology governance and policymaking,
competency development and employee empowerment, innovation and research and
development management, data-driven decision-making and data governance, operational
integration of information technology and operational technology, agile leadership and partner
ecosystems, and transformational leadership characteristics. Cohen’s kappa was 0.75 for study
evaluation and 0.72 for interview coding. The content validity values of the retained indicators
generally ranged from 0.83 to 1.00. Successful implementation of emerging technologies in the
oil industry requires a multidimensional leadership framework that simultaneously coordinates
strategy, culture, human capabilities, data, innovation, technology governance, organizational
agility, and operational integration.

Keywords: Organizational Leadership, Emerging Technologies, Digital Transformation, Technology
Governance, Transformational Leadership, National Iranian Oil Company
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Extended Abstract

Introduction

The rapid expansion of digital technologies has fundamentally transformed organizational structures,
operational processes, decision-making systems, and patterns of competition across industries. Technologies
such as artificial intelligence, the Internet of Things, blockchain, cloud computing, big data analytics, digital
twins, smart automation, and advanced robotics have created substantial opportunities for improving
productivity, operational reliability, organizational learning, and strategic responsiveness. However, the
acquisition or installation of advanced technologies does not necessarily result in successful technological
transformation. Many organizations invest significantly in digital infrastructure but fail to achieve the
expected outcomes because technological implementation is treated primarily as a technical project rather
than as a multidimensional organizational transformation. Effective implementation requires strategic
alignment, workforce readiness, cultural adaptation, data governance, organizational agility,
interdepartmental coordination, and sustained leadership commitment (Romeo & Lacko, 2025; Vrontis et al.,
2023).

Leadership is therefore one of the most decisive factors in the adoption, integration, and management
of emerging technologies. In technology-intensive environments, leaders are no longer responsible only for
planning, coordination, supervision, and performance control. They must also interpret technological trends,
formulate a convincing digital vision, align technological investments with organizational objectives,
facilitate learning, manage employee resistance, and establish the institutional conditions required for
innovation. Leadership in this context involves both technical awareness and the ability to guide behavioral,
structural, and cultural change (de Araujo et al., 2021; Northouse, 2021). Digital leadership thus represents a
combination of strategic foresight, technological literacy, adaptive decision-making, collaborative
capability, and the ability to mobilize employees around a shared transformation agenda (Seidl, 2020; Sisu,
2023).

A central responsibility of organizational leaders is to integrate technology into the strategic direction
of the organization. Emerging technologies can generate value only when they are connected to
organizational missions, operational priorities, and long-term development goals. Without such alignment,
technology projects may become fragmented, duplicative, or disconnected from actual business
requirements. Leadership 4.0 and digital transformation frameworks emphasize that leaders must develop
long-term technological roadmaps, allocate resources to high-priority initiatives, continuously monitor
emerging technological trends, and ensure coordination between business and technology units (Venkatesh,
2020; Weber et al., 2022). Strategic leadership is also necessary to balance experimentation with operational
continuity, particularly in industries in which technological failure can produce substantial financial, safety,
or infrastructural consequences.

Another major challenge is employee resistance to technological change. New systems may alter job
responsibilities, reduce reliance on established routines, expose skill gaps, and create uncertainty about
professional identity or job security. Resistance can delay implementation, increase project costs, and
weaken innovation performance (Nowak, 2023). Leaders must therefore communicate the rationale for
change, clarify its operational benefits, address employee concerns, and create opportunities for
participation. Transparent communication and trust in leadership can increase employee openness to change
and reduce perceived threats associated with transformation (Yue et al., 2019). Leaders must also cultivate
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digital mindsets that encourage experimentation, continuous learning, evidence-based thinking, and
acceptance of controlled failure as part of the innovation process (Solberg et al., 2020).

Transformational leadership is particularly relevant to technology-driven organizational change.
Through idealized influence, inspirational motivation, intellectual stimulation, and individualized
consideration, transformational leaders can strengthen employee engagement, empowerment, creativity, and
commitment to collective goals (Amor et al., 2020). Such leaders encourage employees to challenge
traditional work practices, generate new solutions, and participate actively in technological initiatives.
Transformational leadership can also strengthen innovation climates and help organizations balance
exploration of new technological opportunities with exploitation of existing capabilities (Zuraik & Kelly,
2019). In addition, transformational leadership combined with information technology management and
shared leadership can improve the involvement of talented employees and increase the likelihood of
successful technology adoption (Binandeh Dehaghani, 2022; Hosseini et al., 2023).

The technological transformation of organizations also depends on workforce capabilities. Emerging
technologies require new forms of digital literacy, data analysis, interdisciplinary collaboration,
cybersecurity awareness, and agile project management. Leaders must identify competency gaps, support
reskilling and upskilling, attract specialized digital talent, and establish mechanisms for transferring
knowledge between experienced operational employees and younger technology specialists (Vrontis et al.,
2023). They must also create structural empowerment by providing employees with access to information,
resources, authority, and learning opportunities (Amor et al., 2020). Without such investments, advanced
technologies may remain underused or may be rejected by employees who lack the skills or confidence
necessary to integrate them into daily work.

Data-driven decision-making and technology governance constitute further leadership
responsibilities. Advanced technologies produce large volumes of operational and managerial data, but these
data are valuable only when they are accurate, integrated, secure, accessible, and interpretable. Data-driven
leaders must combine analytical competence with strategic understanding and ethical judgment (Schmidt et
al., 2023). They must also address privacy, transparency, cybersecurity, intellectual property, and
accountability concerns associated with digital systems and artificial intelligence (Brown et al., 2024). These
issues are especially important in the oil industry, where operational data, reservoir information, industrial
control systems, and production infrastructure have strategic and national significance.

The oil industry represents a particularly complex setting for examining technology-oriented
organizational leadership. The implementation of smart wells, predictive maintenance systems, industrial
Internet of Things platforms, digital reservoir models, intelligent decision-support systems, and integrated
supply-chain technologies requires coordination among information technology specialists, operational
engineers, human resource managers, legal experts, suppliers, and senior executives. Leaders must
simultaneously maintain production continuity, safety, cybersecurity, regulatory compliance, and
technological innovation. They must also manage collaboration with technology providers, knowledge-
based companies, research centers, and start-ups. Innovation leadership and technology transfer research
suggests that the success of such collaborations depends on leadership support, organizational absorptive
capacity, resource commitment, and the effective management of external relationships (Bolatan et al., 2022;
Haber & Carmeli, 2023).
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Despite the growing literature on digital, transformational, adaptive, and data-driven leadership,
existing studies often focus on isolated aspects of technological implementation. There remains a need for
an integrated framework that identifies the strategic, cultural, human, technical, data-related, and operational
dimensions of leadership in the oil industry. Accordingly, this study aimed to identify the dimensions,
components, and indicators of organizational leadership for the implementation and management of
emerging technologies in the National Iranian Oil Company.

Methods and Materials

This applied study adopted a fully qualitative design and was conducted in two sequential phases.
The first phase used qualitative meta-synthesis to identify leadership concepts, indicators, and components
reported in previous research on the implementation and management of emerging technologies. The
documentary population included scientific studies published between 2000 and 2025. Relevant sources
were searched in international databases, including Scopus, Web of Science, Google Scholar, ProQuest,
PubMed, ERIC, Springer, and Taylor & Francis, as well as Iranian databases, including SID, Magiran,
Civilica, and Ensani.

Search terms included leadership, digital leadership, emerging technology implementation, new
technology management, artificial intelligence, blockchain, the Internet of Things, digital twins, data
mining, and related Persian and English equivalents. Search terms were combined to retrieve studies
addressing both organizational leadership and technological implementation. The initial search identified
110 studies. Titles, abstracts, keywords, full texts, methodological quality, and thematic relevance were
reviewed. Duplicate, inaccessible, methodologically weak, technically focused but leadership-unrelated, and
conceptually irrelevant studies were excluded. Seventy-five studies were retained for final analysis.

Data from the selected studies were recorded through a structured extraction form. Meaning units,
leadership behaviors, competencies, organizational responsibilities, and implementation requirements were
extracted and coded. Open codes were compared continuously and grouped according to conceptual,
semantic, and functional similarity. Methodological quality was independently assessed, and inter-reviewer
agreement was calculated using Cohen’s kappa. The kappa coefficient for the review and selection process
was 0.75, indicating satisfactory agreement.

The second phase used directed content analysis based on semi-structured interviews with senior and
middle managers, technology specialists, operational experts, and leadership professionals in the National
Iranian Oil Company. Participants were selected through purposive and snowball sampling. Sampling
continued until theoretical saturation was achieved. The interview guide was developed from the results of
the meta-synthesis but allowed participants to introduce new concepts and context-specific indicators.

Interviews were recorded with informed consent, transcribed verbatim, and analyzed concurrently
with data collection. Initial codes were compared with the conceptual framework derived from the literature.
Codes consistent with the initial framework were assigned to existing categories, whereas new codes were
retained and developed into additional subcomponents or dimensions. Content validity was assessed by 13
experts using the content validity ratio, with 0.56 as the minimum acceptable threshold. The content validity
values of the retained indicators generally ranged from 0.83 to 1.00. Coding reliability was evaluated using
Cohen’s kappa, which was calculated as 0.72 and indicated acceptable agreement.

Findings
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The meta-synthesis initially yielded 58 open leadership indicators. Through axial coding, these
indicators were grouped into 26 subcomponents. At a higher level of abstraction, the meta-synthesis
produced seven preliminary dimensions: strategic alignment and future-oriented vision, change management
and digital culture development, technology governance and policymaking, innovation and research and
development management, data-driven decision-making and data governance, agile leadership and partner
ecosystems, and transformational leadership characteristics.

The directed interviews confirmed most of the literature-based categories but also introduced
context-specific indicators related to workforce capability development and the operational integration of
information technology and operational technology. As a result, two additional dimensions were added:
competency development and employee empowerment, and operational integration through IT-OT
convergence. The final framework therefore consisted of nine major dimensions and 33 subcomponents.

The first dimension, strategic alignment and future-oriented vision, included digital strategy
formulation, long-term technology objectives, optimal allocation of financial resources, monitoring
emerging trends, competitive intelligence, and alignment of technology priorities with business and
operational objectives. This dimension was classified as the output of the framework because it reflected the
combined influence of the remaining dimensions.

The second dimension, change management and digital culture development, included reducing
resistance, clarifying new roles created by automation, supporting employee adaptation, encouraging
teamwork and flexibility, and rewarding innovative behavior. The third dimension, technology governance
and policymaking, consisted of technical standardization, reference architectures, supplier evaluation,
transparent technology procurement, intellectual property protection, and legal and cybersecurity risk
management.

The fourth dimension, competency development and employee empowerment, included digital
competency assessment, personalized training pathways, future-skill identification, digital mentoring,
reskilling of experienced employees, talent attraction and retention, employer branding, dynamic career
pathways, and intergenerational knowledge transfer. The fifth dimension, innovation and research and
development management, included support for pilot projects, simulation technologies, experimental
facilities, internal start-up teams, rapid prototyping, and collaboration with knowledge-based companies and
technology start-ups.

The sixth dimension, data-driven decision-making and data governance, included eliminating data
silos, creating secure data infrastructures, managing access to sensitive operational data, establishing rapid
data-correction mechanisms, supporting predictive analytics and intelligent decision-support systems, and
promoting evidence-based reporting. The seventh dimension, operational integration, included IT-OT
protocol alignment, industrial data exchange, business-process integration throughout the oil value chain,
interdisciplinary communication, joint IT-OT working groups, conflict resolution between cybersecurity
and production continuity, and the development of flexible integrated architectures.

The eighth dimension, agile leadership and partner ecosystems, included decentralizing operational
decisions, reducing bureaucracy, using iterative project management, responding rapidly to stakeholder
feedback, continuously reviewing project trajectories, developing strategic partnerships, and creating agile
processes and organizational structures. The ninth dimension, transformational leadership characteristics,
included digital role modeling, organizational trust building, inspirational vision, intellectual stimulation,
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individualized support, employee empowerment, technological literacy, knowledge of artificial intelligence
and blockchain, and awareness of organizational infrastructure requirements.

Eight dimensions were classified as input or enabling dimensions: change management and digital
culture, technology governance, competency development, innovation management, data governance,
operational integration, agile leadership, and transformational leadership. Strategic alignment and future-
oriented vision was identified as the principal output dimension emerging from the coordinated functioning
of these leadership capabilities.

1 Discussion and Conclusion

The findings demonstrate that leadership for emerging technology implementation is a
multidimensional organizational capability rather than an individual managerial trait. Successful
transformation requires leaders to integrate strategic direction, cultural change, workforce development,
technology governance, data management, innovation, operational coordination, and organizational agility.
The framework indicates that technology implementation cannot be delegated exclusively to information
technology departments because its consequences extend across the entire organization.

A particularly important contribution of this study is the identification of operational integration
between information technology and operational technology as an independent leadership dimension. In the
oil industry, digital systems must interact directly with wells, refineries, pipelines, control systems, and
physical production assets. Leadership must therefore bridge technical languages, professional cultures,
security priorities, and operational requirements. This integration distinguishes leadership in infrastructure-
intensive industries from more general models of digital leadership.

The identification of competency development as a separate dimension also shows that technological
transformation depends on sustained investment in human capability. Leaders must address both the
reskilling of experienced employees and the attraction of new digital specialists. Knowledge transfer is
essential because technological expertise without operational oil-industry knowledge, or operational
experience without digital capability, is insufficient for effective transformation.

The final model also suggests that strategic alignment is not merely an initial planning activity. It is
an outcome produced by the interaction of governance, culture, skills, innovation, data, operational
integration, agility, and transformational leadership. When these enabling dimensions are developed
coherently, technology becomes integrated with the mission, operational priorities, and long-term direction
of the organization. In contrast, weakness in any of these areas may fragment technology initiatives and
reduce their organizational value.

In conclusion, the study identified a comprehensive qualitative framework consisting of nine
leadership dimensions and 33 subcomponents for the implementation and management of emerging
technologies in the National Iranian Oil Company. The framework emphasizes that effective leaders must
act as strategists, change facilitators, technology governors, capability developers, innovation sponsors, data
stewards, operational integrators, ecosystem coordinators, and transformational role models. This
framework can provide a conceptual basis for leadership selection, competency development, digital
transformation planning, and organizational assessment in the oil industry and other technology-intensive
infrastructure sectors.
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