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ABSTRACT

The Industry 4.0 era, driven by Artificial Intelligence (Al), the Internet of Things (IoT), automation, and big data
analytics, has significantly transformed the shipping and logistics sector. While digitalization improves efficiency,
it also presents challenges in workforce adaptation. According to a 2023 World Economic Forum report, 50% of
employees will require reskilling by 2025, yet only 30% of logistics companies have fully embraced digital
workforce transformation strategies. This research analyzes human resource (HR) development strategies to
equip workers with skills aligned with Industry 4.0 demands. This study uses a qualitative approach, utilizing peer-
reviewed journals, industry reports, and government publications. Data analysis follows Miles and Huberman's
interactive model, consisting of data reduction, data presentation, and conclusion drawing, ensuring structured
and comprehensive insights. Findings indicate that HR development strategies in the shipping and logistics sector
require three key approaches: (1) Enhancing digital competencies through technology training and online
learning platforms; (2) Developing adaptive skills, such as problem-solving, critical thinking, and agility, to
navigate technological shifts; and (3) Implementing HR technology for recruitment, training, and performance
management. Additionally, collaboration with industries and policymakers is essential to accelerate workforce
digital transformation. By applying these strategies, the shipping and logistics sector can build a competent, agile
workforce, ensuring long-term sustainability and competitiveness in the Industry 4.0 landscape.
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INTRODUCTION

The Industry 4.0 era has brought significant changes in various sectors; digital transformation
driven by the adoption of technologies such as the Internet of Things (IoT), Artificial Intelligence (Al),
Big Data, and automation has fundamentally changed the way the industry works (Xing & Xiaofeng,
2021). Organizations that do not adopt digital technologies risk falling behind regarding operational
efficiency, productivity, and customer satisfaction. The application of digital technology is important in
improving industry competitiveness and performance in the Industry 4.0 era (Nugroho et al., 2024).
Adopting these technologies has become essential in the shipping and logistics sector to meet increasing
global trade demands, streamline distribution processes, and improve operational efficiency. However,
despite these advancements, many companies face challenges in workforce readiness, as the rapid pace
of technological innovation requires new digital competencies and adaptive skills. Johari et al. (2019)
report highlights that 50% of employees worldwide will require reskilling by 2025, yet only 30% of
logistics companies have fully embraced digital workforce transformation strategies. This skills gap
poses a critical issue for organizations striving to remain competitive in an increasingly digitized
economy. Addressing this gap requires a structured human resource (HR) development strategy that
aligns workforce capabilities with evolving industry demands. This study aims to explore HR strategies
that support the digital adaptation of employees, ensuring that the shipping and logistics sector remains
resilient in the face of technological disruption.

One of the key challenges facing companies in this sector is improving operational efficiency,
ensuring on-time delivery, and optimizing supply chains to compete in the global market (Chen et al,,
2024; Kajwang, 2022; Meng et al, 2023; Sierra & Suarez-Collado, 2021). In addition, changing
consumption patterns and increasing market demands further complicate operational processes.
Demand for more personalized products, shorter innovation cycles, and customer expectations for
faster and higher-quality services are shortening product lifetimes (Akdogan et al.,, 2021; Besley &
Persson, 2023; Neilson & Wang, 2019). These conditions are exacerbated by an expanding supply chain,
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smaller shipment sizes, and high market fluctuations, making logistics management even more complex
(Malag6n-Suarez & Orjuela-Castro, 2023). In the face of these challenges, using technology is an
effective solution.

However, rapid technological developments in the shipping and logistics industry present
opportunities and challenges, particularly in human resource (HR) management (Azzahra et al,, 2024).
The sector is increasingly dependent on digital tools, yet many workers lack the necessary skills to
operate automated systems, Al-driven logistics management platforms, and data analytics software. A
study by Riani (Savandha & Fitriyani, 2025) highlights that over 60% of logistics employees struggle to
meet digital competency requirements, making it difficult to adapt to automation and data-driven
decision-making processes. The transition towards smart logistics, cloud-based tracking, and Al-driven
optimization requires technical proficiency and soft skills such as critical thinking, problem-solving, and
adaptability (Alqudah et al.,, 2022). However, traditional workforce training models in the logistics sector
often fail to keep pace with these changes, resulting in a widening skills gap. Additionally, many small
and medium-sized enterprises (SMEs) struggle implementing digital workforce development programs
due to limited resources and resistance to change (Pertiwi, 2023). Without effective HR development
strategies, companies risk reduced efficiency, lower competitiveness, and workforce obsolescence in
the face of Industry 4.0. This study, therefore, seeks to analyze strategic HR development approaches
that can bridge this skills gap and ensure that the workforce in the shipping and logistics sector is
future-ready.

Previous research conducted by Savandha (2024) analyzed HR development strategies in the
Industry 4.0 era through a prospective analysis approach at Bappedalitbang. The analysis results, which
combine theory and input from various stakeholders, show that three main factors must be considered
in HR development. Two factors come from the theoretical dimension: managing technology integration
in the workplace and building an agile and personalized learning culture. Meanwhile, the third factor
comes from the stakeholder dimension: implementing modern e-learning. Implementing these three
factors is considered important to ensure sustainable HR development in Bappedalitbang Riau Province
in the era of Industrial Revolution 4.0.

Despite these contributions, urgent challenges remain unaddressed. The logistics sector is at a
turning point, with global supply chains becoming increasingly digitized. According to the World
Economic Forum (2023), 50% of employees will require reskilling by 2025, yet most logistics firms lack
structured HR development plans to keep pace with this transformation. Companies risk a widening
skills gap, workforce inefficiencies, and declining competitiveness without immediate action. This study
aims to fill this gap by providing a comprehensive HR development framework tailored to the unique
digital transformation needs of the shipping and logistics sector. This research contributes to ensuring
long-term industry resilience and sustainability by critically analyzing workforce challenges and
proposing adaptive strategies.

Another study by Marisya et al. (2023) highlighted HR development strategies using interview
and observation techniques in the Industrial Revolution 4.0 era. Based on the study's results, the
strategies used include competency testing, external and internal training, collaboration and
cooperation, application of technology, and awarding. These measures aim to improve the quality of the
workforce to be better prepared to face the challenges of digitization and automation in the world of
work. Based on previous research, innovative measures are needed to improve workforce
competencies, especially in the face of changes in the shipping and logistics sector. Technological
advancements in the Industry 4.0 era demand a workforce that not only has technical skills but is also
able to adapt to digital transformation. Therefore, the right strategy is needed so that the workforce in
this sector can face challenges while taking advantage of the existing opportunities.

This research analyzes human resource (HR) development strategies in the shipping and logistics
sector to better prepare for the industrial era 4.0. From understanding the problems faced by the
current workforce and formulating effective solutions, it is hoped that the results of this research can
contribute to developing policies and best practices. The right strategy will improve the workforce's
competitiveness and strengthen the shipping and logistics industry in Indonesia to be more competitive
globally. The research is also expected to be a reference for stakeholders in designing innovative
strategies to improve the workforce's quality in the shipping and logistics sector so that human
resources can continue to develop and adapt to the changes that occur in the industrial revolution 4.0.

METHOD
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The research method used in this study is a qualitative method. Qualitative research aims to
deeply understand social phenomena, culture, or human behavior through non-numerical data. This
method helps researchers investigate, discover, describe, and explain the qualities or idiosyncrasies of
social influences that quantitative approaches cannot explain (Muzari et al., 2022). The qualitative
approach was chosen due to its flexibility in adapting the analysis to policy changes or the latest
technological developments in the sector under study. In addition, this method helps in-depth
exploration of the challenges, opportunities, and strategies used by industry players in developing
human resources in the shipping and logistics sector. The data collection technique was conducted
through a literature study, which is a method used to collect data and information by reviewing various
relevant written sources (Mezmir, 2020). Some of the documents used include books written by trusted
authors or academics, accredited scientific journals, and student research results in various forms, such
as theses, dissertations, and practicum reports.

This research employs a qualitative approach, which is well-suited for exploring complex social
phenomena such as human resource (HR) development in the logistics sector. A literature study was
conducted to gather relevant data, focusing on peer-reviewed journal articles, industry reports,
government publications, and books authored by experts in the field. To ensure credibility and
relevance, the selection criteria for literature included three key aspects. First, the publication time
frame was limited to the last 10 years (2015-2025) to ensure the use of up-to-date and relevant findings.
Second, relevance was determined by selecting literature that directly addresses HR development,
digital transformation, Industry 4.0, and workforce challenges in the logistics sector. Lastly, source
credibility was ensured by prioritizing indexed journals (Scopus, Web of Science), reports from
reputable international organizations (ILO, World Economic Forum), and government policy
documents, which offer authoritative insights into the topic.

Once the data was collected, it was analyzed using an interactive approach. The first stage in this
analysis is data reduction, which is the process of selecting and simplifying data to focus on the most
relevant information and eliminating less important data. The next stage is data presentation, where
the data that has been reduced is organized and presented in a form that is easier to understand, such
as tables or matrices, to facilitate analysis and identification of patterns. The last stage is conclusion
drawing, where researchers analyze the data that has been presented in order to draw conclusions,
identify main themes, and explain the phenomenon being studied.

RESULTS AND DISCUSSION

The shipping and logistics sector has an important role in a country's economic system, which
includes the delivery, receipt, storage, and distribution of goods that are an integral part of the global
supply chain (Mouschoutzi & Ponis, 2022). To improve efficiency and transparency in logistics services,
the Directorate General of Sea Transportation continues to carry out digital optimization, in line with
the industrial era 4.0, which encourages digitalization in various sectors, including ports and logistics.
This effort aims to create more transparent, efficient, and accountable services to accelerate the flow of
goods and improve economic competitiveness (Humaira Ninvika et al., 2023).

This development becomes relevant in Industry 4.0, which brings innovations in transportation
technology, communication, and information management. In the past, sailing ships were the main
mode of maritime trade, facilitating the rapid distribution of goods, but also facing challenges such as
storms, theft, and risk of damage. Along with the industrial revolution in the 19th century, various
technological breakthroughs brought significant changes in maritime logistics management, creating a
more modern and reliable system to support global trade (Barasa & Purba, 2024).

Advances in the shipping transportation sector have significantly impacted the efficiency and
speed of shipping goods. Loading and unloading processes have become faster, the reach of container
stacks has expanded, and maritime logistics management has undergone a major revolution. Based on
improvements in the logistics management system, shipments can be made faster, while logistics costs
can be effectively reduced. In addition, the development of information and communication technology
(ICT) and innovation also play a crucial role in improving maritime logistics management. Through
computerization and information systems, industry players can manage and track the flow of goods
more efficiently, improve coordination with business partners, and provide stakeholders with more
accurate and timely information (Barasa & Purba, 2024).

Thus, in facing global challenges, digitization in the shipping and logistics sector is an absolute
necessity to improve the services and competitiveness of this sector. However, in addition to the
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technological and infrastructure aspects, human resources remain a major factor in the success of
businesses in this sector. Companies that want to have a competitive advantage must place human
resources in a strategic position and should not be ignored. The workforce's ability, skills, and
adaptation to technological changes are key in facing competition in the increasingly dynamic maritime
industry (Pertiwi, 2023).

Human Resources (HR) is the main element in an organization that plays an important role in
achieving predetermined goals. HR is not only a workforce but also a valuable asset that cannot be
replaced. In every company, the existence of competent human resources is a determining factor for
success in achieving the business goals that have been designed (Marisya et al., 2023). Therefore,
companies must ensure that HR has smart and appropriate individuals in carrying out their duties
because without quality HR, the sustainability and growth of the business can be hampered.

HR development is essential for companies to increase work productivity and effectiveness. Every
employee needs to be encouraged to continue to improve performance so that the company can more
quickly achieve the desired target (Pertiwi, 2023) So, the company's ability to create and implement the
right strategy in HR development is a very important aspect. A well-designed strategy will have a
positive impact, not only in the short term but also for long-term business sustainability. Therefore,
investment in HR development should be a top priority for companies in order to adapt to changes and
remain competitive in a dynamic market.

The importance of HR development is a crucial factor in ensuring the sustainability and
competitiveness of the company. In addition, HR development also plays a role in driving innovation
and strengthening the company's competitiveness. Through a workforce with up-to-date skills and
knowledge, companies can more easily create innovative solutions that improve internal efficiency and
provide an advantage over competitors. On the other hand, improving the quality of customer service
is one of the main benefits of HR development. Employees who are skilled and have a deep
understanding of customer needs are able to provide better service, increase satisfaction, and build
customer loyalty.

Then, HR development aims to prepare a workforce that is ready to face change. Providing
relevant training and opportunities for continuous learning enables companies to ensure that their
employees are able to adapt to new technologies and rapidly evolving industry challenges. High-quality
human resources not only generate competitive value but are also able to create comparative,
generative, and innovative value, which will contribute significantly to the company's growth amid
increasingly fierce global competition (Wongsansukcharoen & Thaweepaiboonwong, 2023).

Several strategies for developing relevant human resources in the digital era cover various
aspects, including digital competency enhancement and adaptive skills development. In the shipping
and logistics sector, companies must focus on developing employees' skills to prepare them for rapid
technological change. One of the main steps that can be taken is to provide appropriate technology
training so that employees are able to operate and utilize new technologies effectively (Al Muharrir et
al., 2024). This training could include understanding the Internet of Things (IoT), big data, artificial
intelligence (Al), and blockchain, which play an important role in improving the efficiency and security
of logistics systems. In addition, data analysis skills, automation systems management, and
cybersecurity are becoming increasingly important in the face of increasingly complex industry
challenges.

In addition to in-person technology training, companies can also utilize digital learning platforms
to improve the accessibility and effectiveness of training for employees. E-learning, webinars, and
simulations allow for a more flexible and accessible learning process at any time, so employees can
continue to develop their skills without being limited by time and location. This approach also
encourages a culture of self-directed and continuous learning through various digital resources,
ultimately improving workforce capabilities in the long run (Ferdianto & Anindita, 2023).

The second strategy for developing adaptive skills is also an important aspect of the HR
development strategy. In the ever-changing world of work, employees need to be equipped with
multiskilling capabilities, which are skills that cover various fields beyond their main specialization.
Mastery of various skills helps the workforce be more flexible and adapt quickly to technological
changes and market demands. This flexibility is an advantage for companies in facing dynamic business
challenges. Furthermore, improving problem-solving and critical thinking skills is also a priority in HR
development. Employees need to be trained to be able to identify complex problems, analyze
information carefully, and make the right decisions in situations that demand speed and accuracy. By
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thinking critically and innovatively, employees can provide more effective solutions and create
innovations supporting company growth amid global competition (Al Muharrir et al., 2024).

The next strategy is to implement technology in HR management. One approach that can be
applied is utilizing big data and artificial intelligence (AI) in recruitment and workforce skills
development. This technology allows companies to analyze prospective employee data more accurately,
identify the best talent, and adjust training programs based on individual needs and industry trends.
The application of Al also helps automate the initial selection of candidates, making the recruitment
process more efficient and objective (Pratama et al., 2023).

However, implementing technology in HR management depends on adopting digital tools and the
organization's readiness in the face of digital transformation. Therefore, a change management strategy
becomes a crucial factor in ensuring that all employees can accept this transformation well without
feeling threatened by potential changes in job security. Companies must build a more flexible and data-
driven work culture, where decisions are made based on objective analysis, and employees are given
space to adapt to technological changes (Al Muharrir et al.,, 2024). Leadership that understands the
importance of digital transformation is also a key element in managing this change. Company leaders
must be able to direct and support workforce teams in adopting new technologies and create a work
environment that encourages innovation and collaboration.

In addition to internal transformation, increased collaboration with the industrial sector is an
important strategy for supporting HR digitization. Collaboration between shipping and logistics
companies and technology startups can accelerate digital adoption and improve industry
competitiveness (Al Muharrir et al, 2024). This collaboration helps companies such as Small and
Medium Enterprises (SMEs) access technology at a lower cost through leasing schemes or long-term
cooperation. Collaboration can also take the form of research and development (R&D) to produce more
effective and innovative digital solutions. Thus, by implementing these strategies in an integrated
manner, the shipping and logistics sector can build competent human resources, be ready to face
challenges and be able to take advantage of opportunities that exist in the Industry 4.0 era. Rapid
adaptation to technological developments will be the key to creating a more advanced, efficient, and
highly competitive industry.

CONCLUSION

Human Resources (HR) development strategies in the shipping and logistics sector are crucial in
improving operational efficiency and productivity, encouraging innovation, and strengthening
company competitiveness. High-quality human resources provide competitive value and can create
comparative, generative, and innovative value for the industry. This research shows that HR
development strategies can be carried out through several key approaches, such as increasing digital
competencies through technology training and digital learning platforms, developing adaptive skills,
and implementing technology in HR management, including recruitment. In addition, organizational
transformation to encourage digital adaptation and increased collaboration with the industrial sector
are strategic steps in facing changes in the Industry 4.0 era. Through implementing these strategies, the
shipping and logistics sector can build a more competent and adaptive workforce so as to be able to
answer challenges and take advantage of opportunities that arise in the rapid technological
development in the Industry 4.0 era.

Despite its contributions, this study has limitations, primarily relying on secondary data without
empirical validation. Future research should include case studies, expert interviews, and comparative
analysis across regions and company sizes to refine HR strategies. Investigating government policies
and industry collaborations could provide deeper insights into effective workforce transformation. This
study lays a foundation for further research and practical applications to develop a digitally competent
and adaptive workforce in the shipping and logistics sector by acknowledging these challenges and
research gaps.
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