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ABSTRACT
Received: 12 May 2026 This study aimed to develop a conceptual model of knowledge retention in Iran’s nuclear industry
Accepted: 15 Aug 2026 from a human capital management perspective by identifying its causal conditions, central

phenomenon, strategies, contextual and intervening conditions, and consequences. This applied-
developmental study was conducted within an interpretivist paradigm using a qualitative, exploratory,
Final Publication: 21 Mar 2027 cross-sectional design and a systematic grounded theory strategy. Participants consisted of experts in
knowledge management, human resource management, relevant business fields, and managers
associated with Iran’s nuclear industry. Participants were selected through purposive and snowball
Keywords sampling, and data collection continued until theoretical saturation was achieved with 10 experts. Data
were collected through semi-structured interviews lasting approximately 30-45 minutes. The
interviews were analyzed according to the Strauss and Corbin grounded theory approach through
Industry; Human Capital open, axial, and selective coding using MAXQDA software. Coding reliability was also evaluated
through intra-subject agreement among coders, yielding an agreement coefficient of 0.79. Analysis
generated 212 open codes and resulted in a paradigmatic model of knowledge retention. The causal
Organizational Memory conditions comprised systematic knowledge and the deliberate selection and application of
knowledge. The central phenomenon consisted of the retention of human and non-human knowledge.
The principal strategies involved developing a culture of knowledge retention and preventing
knowledge loss, together with promoting participatory and synergistic approaches. Contextual
conditions included a system for retaining knowledge-based human resources and a dynamic
knowledge-oriented human resource system. Intervening conditions comprised environmental and
organizational issues and supervisory and managerial structures. The identified consequences
encompassed the development and advancement of efficient, knowledge-based human capital as well
as strengthening national authority and improving the status and capabilities of strategic infrastructure
industries. Knowledge retention in the nuclear industry is a multidimensional organizational process
that extends beyond documentation and knowledge storage. Its effective implementation requires the
integration of knowledge management with human capital management through expert retention,
succession planning, competency development, incentive systems, experience transfer, participatory
mechanisms, and supportive organizational infrastructures. The proposed model provides a systematic
framework for reducing knowledge loss, strengthening institutional memory, sustaining critical
expertise, and supporting long-term organizational and national capabilities in the nuclear industry.
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EXTENDED ABSTRACT
INTRODUCTION

Knowledge is a strategic organizational resource whose value depends not only on
its creation but also on an organization’s ability to preserve, transfer, retrieve, and reuse it
over time. Knowledge retention is therefore a central component of organizational
memory, particularly in knowledge-intensive environments where critical expertise is
embedded in employees’ experience, professional judgment, routines, relationships, and
problem-solving capabilities. When experienced employees retire, resign, change
positions, or leave project teams, organizations may lose valuable tacit and contextual
knowledge that cannot easily be reconstructed from formal documentation. Previous
research has consequently emphasized the importance of identifying critical knowledge,
assessing its vulnerability, and establishing systematic mechanisms for its retention (1-3, 6).
Workforce turnover further intensifies this challenge because employee departure may
simultaneously reduce organizational expertise, continuity, learning capacity, and service
quality (4, 5, 14).

Knowledge retention is closely connected with human capital management because
employees are both carriers and producers of organizational knowledge. Human resource
practices relating to retention, career development, incentives, succession planning,
participation, and organizational support can influence whether critical knowledge remains
accessible to the organization (10, 11, 13). Organizational culture is equally important
because trust, knowledge-sharing norms, collaboration, and supportive relationships affect
employees’ willingness to transfer experience and expertise (8, 9). Knowledge retention
also contributes to organizational learning, innovation, performance, and sustainability
when retained knowledge is actively reused rather than merely stored (7, 16, 17). In
temporary and interorganizational projects, these issues become especially important
because project completion and team dissolution can rapidly disperse accumulated
expertise (15).

Technological developments have expanded opportunities for documenting,
retrieving, and transferring knowledge through knowledge-management systems, digital
learning environments, and interactive artificial-intelligence technologies (18-20).
Nevertheless, technological systems cannot replace the human and organizational
conditions required for effective knowledge transfer. Knowledge retention must therefore
be integrated with organizational change, learning, competency development, and human-
resource policies (12, 21). This integration is particularly critical in the nuclear industry,



where complex technology, strict safety requirements, long equipment life cycles, and
extensive dependence on highly specialized personnel increase the consequences of
knowledge loss. Human-resource challenges related to retaining and transferring nuclear
expertise have consequently received increasing attention (22). Nuclear knowledge-
management initiatives further highlight the importance of competency models, employee
motivation, incentives, and systematic participation in knowledge-management programs
(23, 24). Accordingly, the present study aimed to develop a conceptual model of knowledge
retention in the nuclear industry based on a human capital management approach.

METHODS AND MATERIALS

This study was an applied-developmental qualitative investigation conducted within
an interpretivist paradigm. An exploratory, cross-sectional research design and a
systematic grounded theory strategy were employed to identify the dimensions and
relationships underlying knowledge retention in the nuclear industry from a human capital
management perspective. The study population consisted of experts with relevant
professional or academic expertise in knowledge management, human resource
management, industrial management, and the nuclear industry in Iran. Participants were
selected using non-probability purposive sampling followed by snowball sampling to
identify additional information-rich experts.

Eligibility criteria included recognized professional experience in a branch of Iran’s
nuclear industry or relevant academic expertise in public administration, human resource
management, industrial management, industrial engineering, or knowledge management
with applicable experience in the nuclear sector. Participation was voluntary, and
withdrawal from the interview process constituted the principal exclusion criterion.
Sampling and data analysis proceeded iteratively, and recruitment continued until no
substantively new concepts emerged. Theoretical saturation was achieved after 10
interviews.

Data were collected through semi-structured interviews conducted according to a
predetermined interview protocol. Each interview lasted approximately 30-45 minutes.
With participants’ consent and observance of ethical considerations, the interviews were
audio-recorded and subsequently prepared for systematic analysis. Data collection and
analysis occurred concurrently so that emerging concepts from earlier interviews could
inform subsequent interviews and comparisons.

The qualitative data were analyzed using the systematic grounded theory procedure
involving open, axial, and selective coding. MAXQDA software was used to organize,
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code, compare, and integrate the qualitative material. Continuous comparison between
interview statements, emerging codes, categories, and dimensions was performed
throughout the analytical process. The adequacy of the resulting model was considered in
terms of its empirical fit and applicability. Coding reliability was additionally assessed
through intra-subject agreement. Three interviews were independently coded with the
involvement of secondary coders familiar with qualitative coding, and the resulting
agreement coefficient was 0.79, indicating an acceptable level of coding consistency.

FINDINGS

All participants were male, and the majority had extensive occupational experience;
55.7% had more than 10 years of professional experience. Analysis of the interviews
through open, axial, and selective coding generated 212 open codes. Progressive
comparison and conceptual integration of these codes resulted in a paradigmatic model
comprising causal conditions, the central phenomenon, strategies, contextual conditions,
intervening conditions, and consequences.

The causal dimension consisted principally of systematic knowledge and deliberate
selection and application of knowledge. Systematic knowledge incorporated issues such as
knowledge-oriented human-resource policymaking, strategic management of knowledge
loss and leakage, development of indigenous knowledge, preservation of employees’
knowledge, systematic documentation, and retrieval and reconstruction of organizational
knowledge. Deliberate selection and application of knowledge emphasized identifying and
validating knowledge sources, recognizing knowledge priorities, selecting appropriate
projects, using knowledge repositories, clarifying organizational responsibilities, and
applying knowledge in ways that contribute to advancement within the nuclear industry.

The central phenomenon was knowledge retention, which consisted of two
complementary components: retention of human knowledge and retention of non-human
knowledge. Human knowledge retention included retaining knowledgeable employees,
preventing unnecessary employee departure, promoting employment security, maintaining
transparency, and employing capable managers. Non-human knowledge retention
concerned preservation of knowledge embodied in organizational processes, equipment,
nuclear facilities, technological systems, and safe facility design. Thus, the model
conceptualized knowledge retention as simultaneously dependent on protecting human
expertise and safeguarding knowledge embedded within organizational and technological
infrastructures.



Two major strategic orientations were identified. The first was developing a culture
of knowledge retention and preventing knowledge waste, incorporating reinforcement of
human resources, effective use of employees, involvement of retirees, stabilization of
retirees’ experiences, human interaction, prevention of brain drain, competency
development, and performance evaluation. The second was developing participatory and
synergistic approaches, including voluntary and secure transfer of experience, exchange of
knowledge between previous and incoming employees, networking, interaction with
academic and scientific communities, collaboration with knowledge-based organizations,
knowledge sharing, and institutionalization of knowledge-management processes to
generate continuous added value.

The contextual dimension consisted of a knowledge-based human-resource retention
system and a dynamic knowledge-based human-resource system. These included
knowledge-retention infrastructures, knowledge banks, protective and safety protocols,
research facilities, cultural and managerial infrastructures, succession planning,
compensation and incentive systems, documentation of experience, specialized education,
mentoring, organizational attachment, continuous communication with experienced
personnel, internal information networks, monitoring systems, and appropriate software
and hardware infrastructures.

The intervening conditions comprised environmental and organizational issues and
supervisory and managerial structures. Technical, legal, political, security, economic,
sociocultural, organizational, and cyber-related constraints could either facilitate or inhibit
knowledge retention. Organizational climate, cooperation, empathy, interaction,
employee—project fit, access to knowledge, management of critical decisions, training
quality, managerial decision-making processes, and supervisory structures also affected the
extent to which available knowledge could be retained and effectively used.

Finally, the model identified outcomes at both organizational and broader strategic
levels. These outcomes comprised development and enhancement of efficient, knowledge-
based human capital and strengthening national authority and improving the standing of
strategic infrastructure industries. Specific consequences included competency growth,
more effective utilization of employees, succession development, preparation of capable
managers, improved decision-making, organizational attachment, job satisfaction,
attraction and retention of talented employees, reduced brain drain, increased access to
organizational knowledge, technological advancement, indigenous technology
development, greater industrial efficiency, enhanced innovation, stronger interaction
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between managers and experts, sustainable retention of learning-oriented specialists, and
reinforcement of critical national infrastructure capabilities.

DISCUSSION AND CONCLUSION

The findings demonstrate that knowledge retention in the nuclear industry is not a
discrete documentation activity but a multidimensional organizational capability emerging
from the interaction of human capital, organizational structures, culture, technology,
management, and the strategic use of knowledge. The distinction between human and non-
human knowledge is particularly important. Employees retain tacit expertise, professional
judgment, and experience that may be difficult to codify, whereas processes, equipment,
documentation, databases, and technological systems embody other forms of
organizational knowledge. Effective retention therefore requires simultaneous protection
of knowledgeable personnel and systematic preservation of knowledge embedded in
organizational systems.

The model further indicates that human capital management provides the operational
infrastructure through which knowledge retention becomes sustainable. Retaining expert
employees, developing successors, providing incentives, supporting continuous learning,
maintaining professional relationships with retirees, and creating opportunities for
mentoring and intergenerational knowledge transfer reduce dependence on isolated
individuals while increasing organizational capacity to reproduce expertise. At the same
time, a participatory culture is required so that employees perceive knowledge sharing as
a valued organizational responsibility rather than as a threat to their professional position.

The contextual and intervening conditions identified in the study show that
knowledge-retention initiatives cannot succeed independently of the organizational
environment. Even sophisticated knowledge repositories may have limited value when
access is poorly managed, organizational trust is weak, managerial decision-making is
inconsistent, or employees lack incentives to contribute. Conversely, supportive
supervision, secure communication, appropriate technological infrastructure, systematic
training, and clear knowledge-governance mechanisms can transform dispersed individual
expertise into an enduring organizational resource.

Overall, the proposed model positions knowledge retention as a strategic mechanism
linking human capital management with organizational continuity and broader industrial
capability. Its consequences extend beyond preserving institutional memory to include
competency development, succession capacity, innovation, managerial effectiveness,
workforce stability, technological advancement, and reinforcement of strategic



infrastructure. The study therefore concludes that sustainable knowledge retention in the
nuclear industry requires an integrated system that identifies critical knowledge, protects
knowledgeable employees, facilitates structured transfer of experience, institutionalizes
participatory knowledge practices, and continuously connects retained knowledge with
organizational learning, decision-making, and technological development.
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