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Introduction

Digital transformation has reshaped maritime port operations, organizational structures, and workforce
competency requirements through the adoption of artificial intelligence, Internet of Things (IoT), big data
analytics, blockchain, and automation technologies (Bawany, 2023; Ojogiwa & Nhari, 2024). Although these
innovations enhance operational efficiency, sustainability, and safety, they also demand advanced digital
competencies, adaptability, and technological literacy. These requirements are particularly challenging in safety-
critical port environments with complex operations and strict regulations. Consequently, human resource
management (HRM) plays a strategic role in aligning workforce capabilities with technological advancement
(Hong & Ma, 2020; Husin et al., 2024). However, the integration of HRM practices into workforce readiness
strategies remains insufficiently understood in maritime ports.

Previous studies have primarily examined smart port technologies, sustainability, and operational
performance. Othman et al. (2022) developed a Smart Port Index integrating operational, environmental, safety,
and organizational considerations but did not systematically address HRM interventions supporting workforce
readiness. Similarly, Hawari et al. (2024) reviewed 41 studies emphasizing technological implementation and
smart port management, with limited attention to integrated HRM practices. Although these studies
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acknowledge human factors, they provide insufficient explanations of how recruitment, training, performance
management, and workforce planning collectively support digital transformation (Wanasinghe et al., 2024; Yin
& Hong, 2024). Thus, a critical research gap remains in connecting HRM practices with multidimensional
workforce readiness and port digitalization requirements.

Research on digital HRM provides relevant theoretical foundations for addressing this gap. Theotokas et al.
(2024) emphasized workforce adaptation and competency challenges in maritime digitalization, although
shipping-related findings may not fully represent port-specific operations. HRM 4.0 research highlights the
integration of digital recruitment, continuous learning, performance management, and HR analytics (Silva et
al., 2022; Amalia, 2024). Similarly, Muduli and Choudhury (2024) identified workforce agility, adaptability,
and collaborative learning as important capabilities. However, applying these perspectives to maritime ports
requires consideration of occupational safety, regulatory compliance, and operational complexity. Moreover,
existing frameworks inconsistently distinguish technical, behavioral, and organizational readiness, limiting
conceptual comparability and integrated HRM development (MarsSalek, 2023; Tran et al., 2023; Zagar et al.,
2023).

The novelty of this study lies in systematically integrating smart port digital transformation, strategic HRM
practices, and multidimensional workforce readiness. Unlike technology-oriented reviews, this study synthesizes
recruitment, training, performance management, workforce planning, and organizational change in relation to
workforce preparedness (Halim et al., 2024; Ndou et al., 2020; Vasile, 2023). The proposed framework
distinguishes technical readiness, encompassing digital competencies; behavioral readiness, involving
adaptability and continuous learning; and organizational readiness, reflecting leadership, institutional resources,
and learning culture. These dimensions are examined through a multilevel perspective incorporating individual,
organizational, and external influences. The framework provides a literature-derived conceptual synthesis rather
than an empirically validated causal model (Aitzhanova et al., 2024; Dhivya et al., 2024; Marinoudi et al., 2024).

This systematic literature review aims to identify HRM practices supporting maritime port digital
transformation, including recruitment, training, performance management, workforce planning, career
development, compensation, and organizational change. It further examines the conceptualization and
measurement of technical, behavioral, and organizational workforce readiness; identifies implementation
barriers and enabling factors, including competency gaps, resistance to change, resource constraints, leadership,
and organizational learning; and develops an integrated conceptual framework linking HRM practices,
workforce readiness, and digital transformation requirements. Through descriptive mapping and thematic
synthesis of publications from 2000 to 2024, this study identifies research patterns and knowledge gaps without
assuming causal relationships or intervention effectiveness.

This study contributes to maritime management literature by integrating smart port research (Othman et al.,
2022; Hawari et al., 2024) with digital HRM and workforce agility perspectives (Silva et al., 2022; Muduli &
Choudhury, 2024; Theotokas et al., 2024). Theoretically, it strengthens the conceptual understanding of HRM
practices and multidimensional workforce readiness while identifying methodological and knowledge gaps.
Practically, the framework informs competency mapping, targeted reskilling, recruitment strategies,
organizational learning, and workforce planning aligned with technological development. Its application
requires consideration of organizational resources, technological maturity, workforce characteristics, and
regulatory requirements (Goh, 2023; Negrete, 2023; Viegas et al., 2022). Overall, this synthesis provides a
foundation for developing integrated, adaptive, and inclusive HRM strategies supporting sustainable maritime
port digital transformation.

Method

Research Design and Methodological Rationale

This study adopted a systematic literature review (SLR) design using the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2020 framework as the standard protocol to ensure
transparency, replicability, and methodological rigor. The selection of SLR as the research design was based on
three main rationales. First, SLR is the most appropriate method for integrating scattered research findings in
the academic literature to create a comprehensive and structured knowledge synthesis on HRM practices in port
digital transformation. Second, a systematic approach allows for the identification of significant knowledge gaps
and uncovers a measurable and evidence-based future research agenda. Third, as a rigorous and transparent
methodology, SLR meets the publication standards of highly reputable international journals and contributes to
the evidence-based management ecosystem in the maritime sector. This research protocol was developed prior
to the literature search and documented to enhance credibility and mitigate researcher bias in study selection
and analysis.

Journal homepage: https://jrti.eloracenter.org/jrti



Digital transformation and workforce readiness in port management: a systematic ... 353

Formulation of Research Questions and Inclusion-Exclusion Criteria

This study is based on three interrelated research questions (RQs) designed to systematically address the research
objectives. RQI1 asks, “What HRM practices are explicitly addressed in the context of digital transformation in
ports or maritime organizations, and how are these practices configured to support digitalization?” RQ2 asks,
“How does the literature define, measure, and operationalize the concept of ‘workforce readiness’ in the context
of digital transformation in ports, and what dimensions are included in such readiness frameworks?” RQ3
continues, asking, “What are the barriers to implementation and enablers in implementing HRM practices to
support digital transformation, and what knowledge gaps and future research agendas can be identified from the
existing literature?” Inclusion criteria were designed to include articles that: (1) directly address digital
transformation, digitalization, Industry 4.0, or smart ports in the context of ports, maritime, or port logistics; (2)
explore relevant HRM dimensions such as workforce planning, recruitment and selection, training and
development, performance management, career development, compensation management, or organizational
change management; (3) present empirical data, theoretical conceptualizations, or practical recommendations
on workforce competencies, skills, adaptability, or readiness; and (4) published as peer-reviewed journal articles
in English or Indonesian during the period 2000-2024. Exclusion criteria include: (1) articles that focus purely
on technological or infrastructure aspects without discussion of HR dimensions; (2) grey literature reports,
conference proceedings without peer review, textbooks, or dissertations, unless they provide significant
conceptual contributions; (3) articles that discuss sectors other than ports or maritime without applicable
relevance to ports; and (4) duplicate articles or publications with identical data from the same author.

Data Sources, Search Strategy, and Study Selection

Literature data collection was conducted through a systematic search of three major multidisciplinary databases:
Scopus, Web of Science (WoS), and Google Scholar to maximize geographic and thematic coverage. The search
strategy was designed using a Boolean combination of three groups of interrelated keywords. The first group
includes the terms digital transformation and smart port: ("digital transformation" OR "digitalization" OR
"digital innovation" OR "Industry 4.0" OR "smart port" OR "intelligent port" OR "e-port"). The second group
identifies the maritime port context: ("port management" OR "seaport" OR "maritime port" OR "port
operations" OR "port logistics" OR "maritime logistics"). The third group integrates the HRM and workforce
dimensions: ("human resource management" OR "HRM" OR "labor force management" OR "workforce" OR
"workforce readiness" OR "skills development" OR "competence" OR "reskilling" OR "upskilling" OR "training"
OR "organizational change"). The final search strategy used a combination of: (Group 1 AND Group 2) AND
Group 3 to ensure high relevance to the research theme. The search was conducted in August-September 2024
by limiting results to peer-reviewed journal articles, in English or Indonesian, and published between 2000 and
2024. The selection process followed the four-stage PRISMA procedure: (1) identification by combining results
from all three databases and removing duplicates using reference management software; (2) initial screening
based on titles and abstracts to filter out articles that clearly did not meet the inclusion criteria; (3) full-text
eligibility analysis of articles that passed the screening stage for final assessment against strict inclusion-exclusion
criteria; and (4) final documentation to identify studies included in the analysis. The selection process was
conducted independently by two researchers with consensus discussion to increase reliability and reduce
researcher bias.

Data Extraction and Analysis Instrument Design

Data from each included study was extracted using a structured extraction form in the form of an Excel
spreadsheet specifically designed to maintain data consistency and completeness. The extraction form included
eight categories of information: (1) study characteristics (author, year of publication, country of origin,
publication type); (2) study context ( port type, organizational size, industry or country context); (3) type of
digital technology implemented (IoT, big data analytics, cloud computing, e-HRM, artificial intelligence,
blockchain, automation, or a combination); (4) explicitly discussed HRM practices (workforce planning, digital
recruitment and selection, training and development programs, e-learning platforms, data-driven performance
management, HR analytics, career development, compensation and incentive management, or organizational
change management); (5) identified dimensions of workforce readiness (technical/digital competencies, soft
skills, organizational adaptability, self-efficacy, tolerance of ambiguity, learning culture, or behavioral
readiness); (6) drivers and barriers to implementation mentioned in the study; (7) measured success indicators
or outcomes (operational performance, efficiency, job safety, employee satisfaction, or sustainability); and (8)
the study's methodological design (quantitative, qualitative, mixed-methods, conceptual, or review). Data
analysis employed two integrated approaches. Descriptive-bibliometric analysis characterized the literature
landscape by mapping the temporal distribution of publications, geographic distribution, types of research
methodologies, and the evolution of thematic focus over time. Thematic-content analysis employed a coding
framework developed deductively from the research questions and theoretical literature, then enriched
inductively through iterative reading of the full-text studies to identify emerging themes. Coding was conducted
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using NVivo 14 qualitative analysis software to facilitate coding, categorization, and identification of patterns
of relationships between themes. The identified key themes were organized into a synthesis matrix that linked
specific HR practices to workforce readiness dimensions and digital transformation outcomes at ports.

Quality Assessment, Methodological Transparency, and Ethical Considerations

Each study included in the analysis underwent a quality appraisal using instruments adapted from the AACODS
checklist and the GRADE framework to measure methodological credibility, clarity of reporting, and validity
of findings. Assessment criteria included clarity of research objectives, appropriateness of methodological
design, transparency of sampling or study selection, clarity of analysis and interpretation, and limitations noted
by the authors. Each study was assigned a quality score (high, moderate, or low) as the basis for graded
interpretation in the narrative synthesis. Methodological transparency was ensured through complete
documentation of the study protocol, recording of all methodological decisions during the review process,
reporting of results based on the comprehensive PRISMA 2020 checklist, and providing a detailed PRISMA
diagram to track the search flow and study selection. Publication bias was minimized through multi-database
searches, backward (through key article references) and forward (through citation tracking) searches, and gray
literature searches to identify studies that may not be accessible through conventional databases.

Results and Discussions

Overview of Search Results and Study Selection

A systematic search using Boolean keyword combinations across three major databases identified a total of
1,847 articles. After deduplication using reference management software, 1,263 unique articles were identified,
which were then screened based on title and abstract. At this screening stage, 187 articles met the initial inclusion
criteria and were selected for full-text eligibility assessment. Through rigorous full-text assessment against the
established inclusion and exclusion criteria, 63 articles were ultimately included in the systematic analysis. The
PRISMA flowchart shows that 1,076 articles were excluded at the screening stage due to their focus purely on
technological aspects without a human resource dimension, 94 articles were excluded at the eligibility stage due
to their lack of explicit discussion of the port or maritime context, and 30 articles were excluded because they
were sourced from gray literature or proceedings without adequate peer review. The final number of 63 articles
analyzed included 31 empirical studies (49%), 20 review articles or literature analyses (32%), 8 conceptual or
theoretical papers (13%), and 4 case studies (6%), with a geographical distribution spanning publications from
28 countries across six continents.

Study Characteristics and Temporal Evolution of Publications

A descriptive-bibliometric analysis of the 63 included articles revealed important patterns in the literature
landscape. The temporal distribution shows a significant upward trend in publications on digital transformation
and HRM, particularly since 2018, with an average of 7.5 publications per year in the 2018-2024 period,
compared to an average of 2.1 publications per year in the 2000-2017 period. A total of 42 articles (67%) were
published in the last five years (2020-2024), reflecting increased academic attention to this topic consistent with
the acceleration of digital transformation in the global maritime sector. Methodological analysis indicates that
31 studies (49%) used qualitative or mixed-methods designs, while 18 studies (29%) used quantitative
approaches, 8 studies (13%) were conceptual-theoretical, and 6 studies (9%) used systematic reviews or meta-
analyses. Geographic distribution shows that 18 articles (29%) were sourced from Asia (with a concentration in
China, Malaysia, and Singapore), 15 articles (24%) from Europe, 12 articles (19%) from the Americas, and 18
articles (28%) from multinational publications or with global coverage not limited to one specific region. Most
studies (45 articles or 71%) had a high to moderate methodological quality level, while 18 articles (29%) were
assessed as having moderate to low methodological quality based on the AACODS and GRADE framework
assessments.

HR Practices in Port Digital Transformation

A content analysis of HRM practices discussed in the literature revealed that 45 articles (71%) explicitly
addressed at least one aspect of the five identified key HRM dimensions. As shown in Table 1, the training and
development dimension was discussed most frequently in 38 articles (60%), covering digital training programs,
e-learning platforms, reskilling and upskilling, and continuous competency development in the context of smart
port operations. The second dimension, performance management, appeared in 26 articles (41%), specifically
related to the implementation of e-performance management systems, real-time data-based assessments, and
redesigning performance indicators relevant to the digital era. The recruitment and selection dimension was
discussed in 18 articles (29%), with a focus on digital recruitment tools, Al-based pre-screening, and identifying
necessary digital competencies. The organizational change management dimension appeared in 16 articles
(25%), covering strategies for overcoming employee resistance, transformational leadership, and creating a
culture of organizational learning. The least frequently discussed dimension was strategic workforce planning,
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appearing in only 8 articles (13%), indicating a significant gap in the literature on projecting future competency
needs and the link between digital transformation and human capital planning. Analytical findings also revealed
that only 12 articles (19%) integratively addressed more than three HRM dimensions simultaneously, while the
majority of studies (33 articles or 52%) focused on only one or two specific HRM dimensions.

Dimensions of Workforce Readiness Identified in the Literature

A thematic analysis of workforce readiness conceptualizations in 63 articles identified three key interrelated
dimensional clusters (see Table 2). First, the technical readiness dimension discussed in 51 articles (81%)
includes: (a) digital competency and technological literacy (in 48 articles or 76%), (b) domain-specific
operational knowledge (in 42 articles or 67%), and (c) the ability to use specific applications or platforms (in 35
articles or 56%). Second, the behavioral readiness dimension appearing in 38 articles (60%) includes: (a)
adaptability and flexibility in the face of change (in 36 articles or 57%), (b) continuous learning initiatives and a
growth mindset (in 28 articles or 44%), (c) cross-functional collaboration and communication (in 22 articles or
35%), and (d) risk-taking and tolerance for failure in experimentation (in 15 articles or 24%). Third, the
organizational readiness dimensions discussed in 32 articles (51%) include: (a) an organizational culture that
supports learning and innovation (in 31 articles or 49%), (b) leadership and managerial support (in 25 articles or
40%), (c) incentive and reward systems aligned with digital transformation (in 18 articles or 29%), and (d) the
availability of HR resources and investments (in 14 articles or 22%). Further analysis revealed that 28 articles
(44%) used established readiness frameworks from external literature (such as digital readiness frameworks or
organizational readiness models), while 35 articles (56%) developed or adapted context-specific readiness
indicators based on the unique characteristics of their maritime or port industries.

Barriers and Supporting Factors to the Implementation of HR for Digital Transformation

A synthesis of findings on barriers and enablers to the implementation of HRM practices in port digital
transformation, as presented in Table 3, reveals a comprehensive list. Fifty-two articles (83%) explicitly identified
at least one category of barriers. The most frequently reported barrier was the digital skills gap, mentioned in 48
articles (76%), followed by resistance to change from employees or management (in 42 articles or 67%), limited
financial investment or resources (in 38 articles or 60%), lack of visionary leadership or change leadership (in 28
articles or 44%), and weaknesses in supporting technological infrastructure (in 22 articles or 35%). On the other
hand, 51 articles (81%) identified enabling factors, with the most frequently mentioned being top management
commitment to digital transformation (in 46 articles or 73%), significant investment in continuous training and
development programs (in 41 articles or 65%), the creation of a supportive organizational learning culture (in 38
articles or 60%), and employee involvement in the change process (in 35 articles or 56%). Another important
finding is that only 19 articles (30%) explicitly analyzed the interaction or causal relationship between barriers
and enablers, while the majority of studies (44 articles or 70%) presented these two categories separately without
exploring the mechanisms by which enablers can compensate for or mitigate the impact of specific barriers.

Summary of Key Patterns and Knowledge Gaps

A comprehensive analysis of the 63 included articles revealed several critical patterns in the literature on digital
transformation and HRM in the maritime port context. The first pattern indicates that the most frequently
discussed HRM practices (training, performance management) tend to focus on the individual employee level,
while strategic HRM practices (workforce planning, HR analytics for human capital forecasting) are much less
frequently considered. The second pattern reveals that conceptualizations of workforce readiness vary widely
across the literature without any uniformity in operational definitions or measurement instruments, although
the theme of digital competency consistently emerges as a critical dimension. The third pattern indicates that
the majority of studies (58 articles, or 92%) focused on descriptively identifying barriers and enablers, but very
few (only 10 articles, or 16%) developed or tested causal models or explanatory frameworks explaining the
mechanisms by which specific HRM practices lead to improved workforce readiness and contribute to successful
digital transformation. Significant research gaps identified include: (1) a lack of empirical studies that
simultaneously integrate multiple dimensions of HR, (2) the absence of a theoretical framework that connects
workforce readiness indicators with indicators of success in port digital transformation, (3) limited
understanding of temporal dynamics or stages in workforce readiness development during the digital
transformation journey, and (4) scarcity of longitudinal studies that track changes in workforce readiness and
organizational outcomes over time.
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Table 1. Frequency of HR Practices Discussed in the Literature (N=63)
HR Practices Frequency (n) Percentage (%) Main Description
Training & 38 60% Digital training
Development programs, e-learning,
reskilling/upskilling
Performance 26 41% E-performance
Management management, real-time
assessment
Recruitment & 18 29% Digital tools, Al-
Selection based screening, digital
competency
Change Management 16 25% Change management
strategies, learning
culture
Workforce Planning 8 13% Workforce planning,
human capital
forecasting
Multi-dimensional 12 19% A holistic approach
Integration (>3 to HR transformation
practices)

Table 1 presents the distribution of human resource management (HRM) practices identified across the 63
reviewed articles. Training and development emerged as the most frequently discussed practice, appearing in 38
studies (60%), followed by performance management in 26 studies (41%) and recruitment and selection in 18
studies (29%). Change management was addressed in 16 studies (25%), whereas workforce planning received
comparatively limited attention, appearing in only 8 studies (13%). Furthermore, only 12 studies (19%)
examined the integration of more than three HRM practices, indicating that multidimensional approaches
remain relatively uncommon in the reviewed literature. These findings demonstrate a predominant research
emphasis on employee competency development and performance-related practices, while strategic workforce
planning and integrated HRM approaches receive considerably less attention.

Table 2. Dimensions of Workforce Readiness and Frequency of Discussion (N=63)

Dimensions of Key Indicators Frequency (n) Percentage (%)
Readiness
Technical Readiness Digital competence, 51 81%

operational knowledge,
technical skills

Behavioral Readiness Adaptability, growth 38 60%
mindset, collaboration,
risk-taking
Organizational Learning culture, 32 51%
Readiness leadership, incentives,
resources
External Framework Adopting established 28 44%
frameworks from the
literature
Context-Specific Adapting or 35 56%

developing custom
indicators for the context

Table 2 summarizes the dimensions of workforce readiness identified in the reviewed literature. Technical
readiness was the most frequently examined dimension, reported in 51 studies (81%), encompassing digital
competencies, operational knowledge, and technological skills. Behavioral readiness was discussed in 38 studies
(60%), particularly regarding adaptability, continuous learning, collaboration, and willingness to respond to
technological change. Organizational readiness appeared in 32 studies (51%), emphasizing organizational
learning culture, leadership support, incentive systems, and resource availability. Regarding conceptual
approaches, 28 studies (44%) adopted established readiness frameworks, while 35 studies (56%) developed or
adapted context-specific indicators. These findings indicate that technical competencies dominate existing
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conceptualizations of workforce readiness, while behavioral and organizational dimensions receive
comparatively less attention, accompanied by considerable variation in the frameworks used to assess readiness.

Table 3. Barriers and Supporting Factors for HR Implementation for Digital Transformation (N=63)

Category Description Frequency (n) Percentage (%)
OBSTACLE
Digital Skills Gap Skills gap in operating 48 76%
new technology
Resistance to Change Employee or 42 67%

management resistance
to transformation

Investment Limitations Limited financial 38 60%
resources or
infrastructure

Lack of Change Weak or inconsistent 28 44%

Leadership visionary leadership
SUPPORTING FACTORS
Top Management Top management 46 73%
Commitment commitment to digital
transformation

Continuous Training Significant investment in 41 65%
Program training and
development

Organizational Learning A culture that supports 38 60%

Culture learning and innovation
Employee Engagement Employee engagement 35 56%

in the change process

Table 3 presents the major barriers and supporting factors associated with implementing HRM practices
during port digital transformation. The digital skills gap was the most frequently reported barrier, identified in
48 studies (76%), followed by resistance to change in 42 studies (67%), investment limitations in 38 studies
(60%), and insufficient change leadership in 28 studies (44%). Conversely, top management commitment
emerged as the most frequently discussed supporting factor, appearing in 46 studies (73%), followed by
continuous training programs in 41 studies (65%), organizational learning culture in 38 studies (60%), and
employee engagement in 35 studies (56%). These findings reveal that workforce competency limitations and
organizational resistance are prominent challenges in the reviewed literature, whereas managerial commitment,
sustained competency development, and supportive organizational environments are frequently identified as
enabling conditions. However, these frequencies represent the prevalence of reported themes rather than
empirical estimates of their relative effects on digital transformation outcomes

The findings of this systematic literature review highlight the fragmented integration of human resource
management (HRM) practices in maritime port digital transformation. Training and development dominated
the literature (60%), followed by performance management (41%) and recruitment (29%), while strategic
workforce planning received limited attention (13%). Technical readiness was the most frequently discussed
dimension (81%), followed by behavioral (60%) and organizational readiness (51%). Although digital skills gaps
were widely reported (76%), only 19% of studies examined multidimensional HRM integration. These findings
suggest that existing research prioritizes immediate competency development over coordinated workforce
preparation. However, thematic frequencies indicate research attention rather than empirical evidence of
intervention effectiveness, emphasizing the need to investigate how integrated HRM practices relate to
workforce readiness and digital transformation outcomes (Brommeyer & Liang, 2022; Green, 2020; Scalco &
Simske, 2023; Vané et al., 2021).

These findings align with previous research emphasizing competency development and organizational
adaptation during digital transformation. Brynjolfsson and McAfee and Silva et al. (2022) highlighted the
importance of technological competencies and continuous organizational learning, consistent with the
prominence of management commitment (73%) and training investment (65%) in the reviewed literature.
However, maritime port studies emphasize operational digital competencies more strongly than the
digitalization of HRM processes. Muduli and Choudhury (2024) identified adaptability and learning agility as
essential workforce capabilities, whereas risk-taking appeared in only 24% of the reviewed studies. This
difference may reflect the safety-critical nature of port operations, although empirical confirmation remains
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necessary. Furthermore, the limited integration of HRM dimensions contrasts with the holistic approach
proposed by Poulose et al. (2024), highlighting the need for sector-specific investigation.

The theoretical contribution of this study is a conceptual synthesis linking port digital transformation, HRM
practices, and three dimensions of workforce readiness: technical, behavioral, and organizational. This
framework suggests that recruitment and training may support technical competencies, while performance
management and organizational change initiatives may facilitate behavioral adaptability and institutional
preparedness. Nevertheless, these relationships remain conceptual and require empirical validation. Practically,
port managers should consider aligning workforce planning, competency development, and performance
management with technological investment strategies. Implementation should account for organizational size,
technological maturity, financial resources, and regulatory requirements (Grosch, 2024; Kumi et al., 2024; Pavi¢
et al., 2024; Yeganeh et al., 2024). For policymakers, the findings highlight the relevance of digital competency
standards and inclusive workforce development, although their effectiveness requires further evaluation.

Several limitations affect the interpretation of these findings. The review covered publications from 2000 to
2024, with 67% published during 2020-2024, potentially emphasizing recent research priorities. Language
restrictions and database selection may have excluded relevant regional studies, while Google Scholar
introduces challenges related to indexing consistency and search reproducibility. Furthermore, methodological
heterogeneity and variations in workforce readiness measurements limit comparability across studies.
Differences in study quality also affect the strength of the synthesized evidence. Because much of the literature
is descriptive or observational, the findings cannot establish causal relationships between HRM practices and
workforce readiness. Consequently, recommendations should be interpreted as evidence-informed
considerations rather than empirically validated interventions (Aftab et al., 2024; Agbaji, 2021; Al-Kahtani et
al., 2022; Griffith et al., 2021).

Future research should prioritize developing and validating standardized workforce readiness indicators
encompassing technical, behavioral, and organizational dimensions. Longitudinal and mixed-methods studies
are needed to examine how integrated HRM practices influence workforce competencies and organizational
outcomes throughout digital transformation (Mantel-Teeuwisse et al., 2021; Rotatori et al., 2021). Further
investigations should assess the potential mediating roles of organizational learning and employee adaptability,
alongside the moderating effects of leadership commitment and technological maturity. Comparative studies
across port types, geographical regions, and workforce categories could clarify contextual differences. Emerging
technologies, including artificial intelligence, automation, and digital twin systems, also warrant investigation
regarding changing competency requirements (Dorai et al., 2022; Pham et al., 2024; Sharma et al., 2024; Yueh
et al., 2023). Finally, participatory and equity-focused research could support the development of inclusive HRM
strategies and strengthen the empirical foundations of sustainable maritime port digital transformation.

Conclusions

This systematic literature review concludes that human resource management (HRM) plays an important role
in supporting workforce readiness during digital transformation in maritime ports. The findings indicate that
existing research predominantly emphasizes training and development, while strategic workforce planning and
the integration of multiple HRM practices remain underexplored. Workforce readiness encompasses three
interconnected dimensions: technical competencies, behavioral adaptability, and organizational preparedness,
although their conceptualization and measurement remain inconsistent across studies. Digital skills gaps,
resistance to change, and resource limitations emerge as prominent barriers, whereas management commitment,
continuous training, and organizational learning represent frequently identified enabling conditions. By
synthesizing these findings, this study proposes an integrated conceptual framework connecting digital
transformation requirements, HRM practices, and workforce readiness dimensions. However, the framework
requires further empirical validation to establish its practical effectiveness and underlying causal relationships.
Overall, the study provides a conceptual foundation for developing more coordinated, proactive, and context-
sensitive HRM strategies to support sustainable digital transformation in maritime ports.
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