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Abstract

This study aimed to identify the dimensions and explain the structure of a learning model for new technologies based on the Science and
Technology Development Document in Iran. This applied qualitative study was conducted within an interpretivist paradigm using thematic
analysis. The study population comprised experts in management, technology, and science and technology policymaking, including
university professors and senior managers of the Ministry of Industry, Mine and Trade. Participants were selected through purposive and
snowball sampling, and theoretical saturation was achieved after interviews with 15 experts. Data were collected through in-depth semi-
structured interviews and analyzed according to the six stages of thematic analysis: familiarization with the data, generation of initial
codes, searching for themes, reviewing themes, defining and naming themes, and producing the final report. The trustworthiness of the
findings was assessed using Guba and Lincoln’s four criteria and member checking. Coding reliability was further confirmed by a Cohen’s
kappa coefficient of 0.86. The thematic analysis generated more than 150 basic themes, 35 organizing themes, and six overarching themes.
The overarching themes were strategic alignment and macro-level policymaking, individual and skill competencies, psychological and
attitudinal factors, pedagogical approaches and learning methods, the enterprise-level organizational ecosystem, and the national
ecosystem and technological infrastructure. The conceptual relationships among these themes revealed a multilevel structure extending
from macro-level policymaking to individual, pedagogical, organizational, and national ecosystem levels. The findings further indicated
that the effectiveness of technology learning at each level depends on its interaction and alignment with the other levels. Learning new
technologies in Iran is a multidimensional, multilevel, and context-dependent phenomenon. Its effective development requires alignment
between science and technology policies, individual competencies, psychological readiness, innovative learning approaches,
organizational learning capacities, and national technological infrastructures. The Science and Technology Development Document can
therefore serve as an integrating and guiding framework for coordinating these interconnected levels and facilitating coherent technology-
learning processes.

Keywords: New technology learning; Science and Technology Development Document; Science and technology policymaking; Thematic
analysis; Technology ecosystem; Technological competencies.
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Extended Abstract

Introduction

The accelerating pace of scientific and technological development has transformed the nature of learning,
organizational capability, educational systems, and national innovation policies. New and emerging
technologies increasingly shape how knowledge is produced, transferred, applied, and renewed, making
technology learning a strategic requirement rather than a supplementary organizational activity. Digital
technologies, artificial intelligence, data-driven systems, cloud computing, and other emerging technologies
have created new opportunities for improving efficiency, innovation, and responsiveness while simultaneously
requiring individuals and organizations to continuously develop new competencies. The modernization of
public administration through information technology has demonstrated that technological transformation is
not achieved merely through the acquisition of digital tools but depends on organizational adaptation,
institutional learning, changes in work processes, and the development of appropriate human capabilities
(Addo, 2022). Accordingly, learning new technologies should be understood as a multidimensional process
that extends beyond technical training and encompasses individual capabilities, organizational structures,
learning environments, policy frameworks, and national technological infrastructures. At the educational level,
recent developments in artificial intelligence have strengthened the importance of critical thinking, creativity,
problem solving, self-directed learning, and digital literacy as essential twenty-first-century competencies
(Teymouri et al., 2025). The integration of modern technologies into education has also been associated with
improved learning opportunities, greater engagement, increased accessibility, and more interactive educational
experiences (Ahmad et al., 2024). Similarly, the integration of technology with innovative pedagogical
approaches, including project-based, collaborative, personalized, and immersive learning, has been identified
as an important mechanism for enhancing learning effectiveness (Hamzah et al., 2024). The changing role of
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technology in modern science education further emphasizes the need to coordinate technological access,
pedagogical innovation, and continuous updating of learners' knowledge and skills (Yilmaz, 2023).

At the organizational level, technology learning is closely connected with knowledge management,
organizational learning, strategic human resource management, and knowledge-sharing processes. Research
has shown that the strategic approach adopted toward information technology can influence the relationship
between the acceptance of intelligent information technologies and organizational learning (Ahmadzadeh et
al., 2025). Organizational learning therefore depends not only on access to technologies but also on the
capacity to integrate technology into organizational strategies, routines, and collective knowledge processes.
Strategic human resource management practices may also strengthen organizational performance through the
development of organizational learning capabilities (Khosravizadeh et al., 2022). Conversely, knowledge-
hoarding behavior can restrict the diffusion of expertise and undermine collective learning processes,
highlighting the importance of trust, knowledge sharing, and collaborative environments (Afzali et al., 2024).
Knowledge synergy in knowledge-based firms likewise depends on the interaction of organizational,
structural, and knowledge-related factors (Fallah Tafti et al., 2023). Multilevel models of organizational
learning further indicate that learning emerges through interactions among individual cognition, shared mental
models, communication networks, and adaptive organizational mechanisms (Canbaloglu et al., 2025). In
addition, emerging technologies follow dynamic learning and maturity trajectories, meaning that technology
learning should incorporate foresight, continuous monitoring, and adaptation to changing technological
conditions (Faber et al., 2022).

At the national level, learning new technologies is strongly influenced by science and technology policies and
high-level development documents. In Iran, the Comprehensive Scientific Map and related national science
and technology development documents provide strategic orientations for scientific, technological,
educational, and innovation development. Evaluation of science policy within Iran's Comprehensive Scientific
Map has demonstrated the importance of coordination among policy demand, design, implementation, outputs,
and evaluation (Eslami & Marvi, 2024). Structural modeling of the implementation of the Comprehensive
Scientific Map has likewise shown that human, managerial, infrastructural, process-related, and external
factors jointly influence successful policy implementation (Akbari et al., 2024). Analysis of science and
technology discourse in national development plans has highlighted concepts such as technology
commercialization, professional competencies, targeted support, and capacity building as important elements
of national development policy (Amir Arjomandi et al., 2023). Furthermore, indigenous values, knowledge-
based development, and scientific authority represent important dimensions of Iran's national scientific policy
framework (Amir Arjomandi et al., 2022), while the roadmap toward scientific, technological, and innovation
authority indicates the need to integrate education, research, international cooperation, and technological
development (Azadi Ahmadabadi, 2023). Performance evaluation studies also emphasize the importance of
measurable indicators for monitoring institutional effectiveness (Abdali et al., 2023), while resilience research
indicates that adaptation, flexibility, and learning capacities become particularly important under rapidly
changing and uncertain environmental conditions (Ghiyasabadi Farahani et al., 2022). Educational research
further demonstrates that learning processes are influenced by attitudinal and value-related dimensions in
addition to cognitive and technical factors (Tavan & Soleimanifard, 2022). Despite these contributions,
previous studies have generally examined policy, technological competency, organizational learning,
pedagogical approaches, or innovation ecosystems separately. A comprehensive framework that
simultaneously integrates strategic policy alignment, individual competencies, psychological readiness,
pedagogical methods, organizational conditions, and the national technological ecosystem within the context
of Iran's Science and Technology Development Document remains insufficiently developed. Therefore, the
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present study aimed to identify the dimensions and explain the structure of a learning model for new
technologies based on the Science and Technology Development Document in Iran.

Methods and Materials

This study was applied in purpose and qualitative in nature and was conducted within an interpretivist research
paradigm using thematic analysis. The study population consisted of experts with substantial knowledge and
professional experience in management, technology, and science and technology policymaking. Participants
included university professors working in management- and technology-related disciplines as well as senior
managers of the Ministry of Industry, Mine and Trade. Participants were selected using purposive and snowball
sampling strategies to ensure access to information-rich cases. Eligibility criteria for academic experts included
relevant educational and research experience in new technology learning and science and technology
policymaking, while managerial experts were selected based on relevant professional experience, educational
qualifications, and practical involvement in technology and policy-related activities. Data collection continued
until theoretical saturation was achieved, which occurred after interviews with 15 experts. Data were collected
through in-depth semi-structured interviews organized around seven principal open-ended questions. The
interviews allowed participants to explain their experiences and interpretations while also enabling the
researchers to explore emerging issues through follow-up questions. The data were analyzed using a six-stage
thematic analysis process comprising familiarization with the data, generation of initial codes, searching for
themes, reviewing themes, defining and naming themes, and producing the final report. Meaningful statements
concerning technology learning, national science and technology development documents, strategic policy
orientation, individual competencies, psychological characteristics, learning methods, organizational
conditions, and the national innovation ecosystem were initially coded. Related codes were then grouped into
basic themes, conceptually related basic themes were integrated into organizing themes, and organizing themes
were subsequently synthesized into overarching themes. Trustworthiness was assessed according to credibility,
transferability, dependability, and confirmability. Member checking was conducted by providing a summary
of the extracted codes and themes to five participants; their feedback resulted in minor revisions to theme
labels but did not produce additional categories. Coding reliability was also examined by randomly selecting
120 units of analysis and independently coding them by two coders. Cohen's kappa coefficient was 0.86,
indicating a high level of coding agreement and supporting the reliability of the thematic analysis.

Findings

The thematic analysis resulted in the identification of more than 150 basic themes, 35 organizing themes, and
six overarching themes. These six overarching dimensions were strategic alignment and macro-level
policymaking, individual and skill competencies, psychological and attitudinal factors, pedagogical
approaches and learning methods, the enterprise-level organizational ecosystem, and the national ecosystem
and technological infrastructure. The first dimension, strategic alignment and macro-level policymaking,
comprised six organizing themes: alignment with high-level policy documents, strategic direction, national
mission orientation, governance and the legal system, foresight and monitoring, and supportive policies. Its
basic themes included alignment with the national scientific map and development objectives, strategic
technological priorities, national technological self-reliance, regulatory frameworks, policy transparency,
continuous updating of science and technology documents, learning roadmaps, and supportive digital
transformation policies. The second overarching dimension, individual and skill competencies, consisted of
mastery of data and technological tools, critical and systems thinking, innovation and application, technology
transfer and documentation, self- and project management, and teamwork and commercialization. Major
underlying competencies included advanced digital literacy, artificial intelligence literacy, technological
problem solving, critical evaluation of technology, innovation, technology transfer, risk analysis, personal
knowledge management, project management, teamwork, and commercialization capabilities.
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The third overarching dimension, psychological and attitudinal factors, contained adaptation to change,
continuity in learning, intrinsic enthusiasm, self-efficacy, positive attitudes, and ethics and discipline. Its basic
components included mental readiness for technological transformation, resilience in the face of failure,
cognitive flexibility, continuous learning, technological curiosity, confidence in learning new technologies,
perceived value of technology, trust in technology, self-regulation, time management, and technology ethics.
The fourth overarching dimension, pedagogical approaches and learning methods, incorporated project-based
and experiential learning, specialized learning environments, networking and collaboration, educational
technologies, blended and modern learning approaches, and exploratory learning. Specific practices included
project-based, problem-based, experiential, collaborative, self-directed, scenario-based, adaptive, and blended
learning, as well as gamification, simulations, augmented and virtual reality, intelligent platforms, artificial
intelligence, big data, technology laboratories, internships, interdisciplinary projects, and learning from error.
The fifth dimension, the enterprise-level organizational ecosystem, consisted of leadership and culture,
resources and equipment, human capital management, organizational structure and agility, and evaluation and
investment. Its components included a culture of technology learning, managerial support, incentives for
innovation, access to new technologies, digital infrastructure, financial support, research and development
units, recruitment and development of skilled personnel, organizational knowledge management, knowledge
transfer, cross-unit collaboration, process digitalization, learning teams, R&D investment, performance
evaluation, and organizational learning. The sixth overarching dimension, the national ecosystem and
technological infrastructure, comprised actors and institutions, networking and knowledge transfer,
communication and information infrastructures, financial and market support, international cooperation and
absorptive capacity, and target and enabling technologies. Universities, science and technology parks,
incubators, knowledge-based companies, government-university-industry cooperation, innovation networks,
intellectual property infrastructures, open data, financing mechanisms, international knowledge exchange, and
national absorptive capacity were identified as central components. Artificial intelligence, big data, the Internet
of Things, blockchain, cloud technologies, robotics, nanotechnology, biotechnology, quantum technologies,
renewable energy, smart transportation, digital medicine, augmented reality, cybersecurity, and convergent
technologies were identified as important target and enabling technologies. Overall, the resulting model
demonstrated a hierarchical but interconnected structure extending from macro-level policymaking to
individual, pedagogical, organizational, and national ecosystem levels.

Discussion and Conclusion

The findings demonstrate that learning new technologies is not a single-level educational activity but a
complex, multidimensional, and context-dependent system. The six dimensions identified in the study suggest
that effective technology learning requires vertical alignment between national policy and individual capability
as well as horizontal coordination among educational institutions, organizations, innovation actors, and
technological infrastructures. Strategic alignment provides the overall direction for technology learning by
defining priorities, missions, regulations, and development expectations. Individual and skill competencies
transform these strategic priorities into operational capabilities by enabling learners to understand, evaluate,
use, and develop technologies. Psychological and attitudinal factors influence whether individuals are willing
and able to persist in learning under conditions of uncertainty, rapid change, and technological failure.
Pedagogical approaches determine how technological knowledge is acquired and transformed into practical
competency, while the organizational ecosystem provides the managerial, cultural, financial, and structural
conditions required for continuous application and knowledge sharing. Finally, the national ecosystem
connects individual and organizational learning to broader institutions, infrastructures, funding systems,
innovation networks, and international sources of knowledge.
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The proposed model therefore indicates that the effectiveness of technology learning depends on the coherence
of all six dimensions rather than the isolated strength of any single component. Investment in digital
infrastructure without competent and motivated learners may produce limited outcomes, just as highly skilled
individuals may be unable to apply their capabilities in organizations lacking managerial support, research
capacity, or flexible structures. Similarly, organizational learning may remain fragmented if it is disconnected
from national science and technology priorities, university-industry collaboration, financial support, and
knowledge-transfer networks. The findings also emphasize that learning models must remain dynamic because
the technologies identified as strategically important will change over time. Continuous foresight, monitoring,
evaluation, and revision should therefore be embedded within the model.

The main contribution of the study is the integration of policy, human, psychological, pedagogical,
organizational, and ecosystem dimensions into a single framework tailored to the Iranian science and
technology development context. The model provides a conceptual basis for translating high-level science and
technology objectives into coordinated learning processes at different levels. It can assist policymakers in
identifying the learning requirements associated with national technological priorities, support organizations
in designing integrated technology-learning systems, and provide educational institutions with a framework
for developing relevant competencies through modern pedagogical approaches. In conclusion, learning new
technologies in Iran should be treated as an interconnected national capability rather than as a collection of
isolated training activities. The Science and Technology Development Document can serve as a strategic
integrating mechanism by linking national priorities with individual competencies, pedagogical innovation,
organizational learning environments, and the wider technological ecosystem. Effective implementation of this
model requires continuous interaction among these levels and periodic adaptation to technological,
institutional, and environmental changes.
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