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Abstract

The purpose of this paper is to discuss the challenges that appear in maritime human
resource management, in the face of the digitalized environment in maritime busi-
ness, due to the diffusion of new technologies, such as big data analytics, block-
chain technology, and future MASS technology. The current study is based on a
systematic review of the relevant literature attempting to respond to the analy-

sis of the challenges described above. The study reveals that existing scientific
interest concentrates on the training and education of the maritime workforce,

the new skills required as well as the possible loss of traditional jobs and the creation
of new ones, while mainly examining the seagoing personnel. However, limited atten-
tion has been paid to the practices of human resource management, which could
facilitate the transition to the new era of maritime business. This study aims at con-
tributing to the research in the field of Maritime HRM by revealing gaps in existing
literature and suggesting areas for future research as well as new methodological
approaches in addressing these gaps.

Keywords: Maritime human resource management, Digitalization, Culture, Big
data analytics

Introduction

The emergence of the 4th Industrial Revolution also referred to as Industry 4.0 (14.0),
has disrupted existing business models (Coskun-Setirek and Tanrikulu 2021) and trans-
formed the way businesses operate. Industry 4.0 is characterized by the adoption of
advanced technologies such as the Internet of Things, blockchain, machine learning, big
data analytics, robotics, cloud computing and augmented reality among others (Gallo
and Santolamazza 2021; Zhong et al. 2017; Kerin and Pham 2019). Along with the 4th
Industrial Revolution, the terms digitization, digitalization, and digital transformation
occurred. Verhoef et al. (2021), approach the first two terms as different stages in the
digital transformation process. In this way, digitization refers to the conversion of infor-
mation and systems from analogue to digital, whereas digitalization “includes the cogni-
tive, social, and institutional impacts of digital technologies” (Oliveira et al. 2021). Digital
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transformation encompasses both terms reflecting the process and implications of an
organization’s or sector’s transition to an environment with increased digital capabilities.

Although the 4th Industrial Revolution was initially introduced to describe the trans-
formation in the manufacturing industry, the term was later used to describe the process
of digital transformation across different sectors. The maritime industry, as a predomi-
nantly globalized activity (Harlaftis and Theotokas 2020), could not be left untouched by
business transformations occurring at a global level. For this reason, the term Maritime/
Shipping 4.0 (Sullivan et al. 2020, 2021; Aiello et al. 2020) has been adopted to describe
the changing environment geared towards the industry’s digitalization.

Changes in the competitive environment of the different maritime sectors have inten-
sified the efforts of organizations to increase competitiveness. In this environment, digi-
talization is considered as one of the drivers leading to change in the sectors. Sletmo
(1989) describes shipping as an industry in constant change and identifies four stages
in the evolution of shipping and its nature, namely, (1) the local and peripheral use of
shipping, (2) the quest for maritime power and the use of shipping for expansion, (3) the
transnationalization of shipping through flagging out, and (4) the development of new,
more efficient markets which led to the development of the modern ship management
company. Theotokas (2019), examining the way that technology will affect the develop-
ment of shipping, defines digitalization as the fifth wave in the evolution of the industry.

While research on digitalization in the maritime sector is evolving, literature review
reveals that research on maritime human resource management is rather limited. The
main objective of this paper is to discuss the challenges maritime human resource man-
agement faces today, which stem from the industry’s digital transformation, through
a systematic literature review. In this direction, it aims at revealing the gaps in the lit-
erature and at contributing to the enrichment of the literature on the topic. Moreover,
the review aims at proposing a general categorization of the effects of digitalization in
human resource management, conceptualizing the main research themes arising in the
literature.

The rest of the paper is structured as follows: Section "Digitalization and Maritime
industry” discusses digitalization and the challenges it creates in the maritime industry,
Section "Digitalization and human resource management" provides an overview of the
effects of digitalization on human resource management, followed by Section "Meth-
odology", where the methodology adopted in collecting, classifying, and analyzing the
articles included in this systematic review is outlined. Section "Theoretical Framework"
constitutes the main body of the paper, presenting the theoretical background of the
existing scientific literature in the respective field, discussing key scientific contribu-
tions, and identifying research gaps. Finally, Section "Conclusions and avenues for future
research” highlights the contributions of the study and presents insights of the review
formulating future research directions.

Digitalization and maritime industry

Digitalization is a transformation that alters existing models of shipping companies’
organizations, enhancing the change of their mindset and corporate culture (Theotokas
2018). Numerous internal and external factors are considered as drivers leading to the
digital transformation of shipping companies. Ichimura et al. (2022), identify as motives
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for companies cost reduction, increased competitiveness, and response to customer
needs. Raza et al. (2023) identifies as motives customer requirements, operations and
cost efficiency, competition, new technology/new business opportunities, and Covid-
19. In parallel, they identified barriers that delay the digital transformation in shipping.
These are grouped in organizational, governance, operational, and technological factors.
People and culture, lack of resources and capabilities and lack of standardization are
identified as the most important barriers in each category, respectively.

Technological advancement is apparent across the entire maritime sector with the
adopted technologies being characterized by distinct levels of maturity. There are stud-
ies that link Industry 4.0, and the adoption of digital technologies with organizational
and managerial dimensions in the maritime industry or the career trajectories for sea-
farers (Kaptan 2022; Baum-Talmor and Kitada 2022). Industry 4.0 in the context of the
maritime industry will lead to the Maritime 4.0, which is characterized by the complete
change in the management and organization of ships as well as the skills and qualities
needed by the seafarers (Muslu 2020).

Research regarding the overall adoption of digital technologies and solutions in the
maritime sector (de la Pefia Zarzuelo et al. 2020, Lambrou et al. 2019, Gavalas et al. 2022)
and the associated benefits (Del Giudice et al. 2021) is evolving. Areas under examina-
tion include the organizational, technological and environmental factors and the driv-
ers influencing digital transformation (Jovic et al. 2022; Raza et al. 2023), specialized
fields concerning the applications of blockchain technology (Czachorowski et al. 2019;
Yang 2019, Pu and Lee Lam 2020), and big data analytics (Zhang and Lee Lam 2019) in
the maritime industry and the role of shipping 4.0 technologies in controlling the risks
related to ship accidents (Sepehri et al. 2022). The increasing number of publications in
the fields reveal a trend similar to the one noticed in the bibliometric analysis conducted
by Razmjooei et al. (2023) on Industry 4.0 research in the maritime industry. Their find-
ings reveal that research on Industry 4.0 in maritime studies is a very recent phenom-
enon, noting that the number of publications in 2021 was ten times higher compared to
2011 (Razmjooei et al. 2023).

The lockdown due to the COVID-19 pandemic increased the interest in research on
the role of digitalization in overcoming the disruption in organizations (see for example
Al-Alawi et al. 2023; Minbaeva 2021) as well as the disruptions that COVID-19 created
to logistics and supply chains and to the working model of shipping companies. Mishrif
and Khan (2023) argue that companies innovate and use digitalization to tackle the con-
sequences of the pandemic, pinpointing the positive impact of digitization on the opera-
tions and outputs of the logistics and supply chain sector. They also found that only 1.8%
of the companies were able to fully digitize their operations, with the cost of technology
being considered as the most important hindrance to the use of the necessary technol-
ogy or the implementation of the relevant policy. In the same vein, Meyer et al. (2021)
relate ports’ ability to minimize the severe effects of the lockdown due to COVID-19
with the increase of deployment of digital technologies.

While maritime organizations are increasingly adopting digital-enabling tech-
nologies to embrace the emergence of the 4th Industrial Revolution, organizational
aspects which will facilitate the transition to the new era are often overlooked. The
same applies to the creation of a business model which will integrate key parameters
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related to digitalization. However, technology itself cannot provide substantial ben-
efits, unless incorporated within a successful business model (Chesbrough 2010). As
a result, maritime digitalization creates the necessity to enrich the traditional busi-
ness model and foster an environment where digitalized information will be fully
employed, including methodologies and tools, which will successfully navigate ship-
ping through the competitive landscape. In addition, in today’s knowledge-based
economy, where value is mainly generated from intangible assets such as a company’s
human capital (Bismuth and Tojo, 2008), digital transformation will be more depend-
ent on people rather than on technology (Tabrizi et al. 2019). Due to the important
contribution of an organization’s human resources (Progoulaki and Theotokas 2010),
the new business model generated in maritime business should be further extended
to include organizational factors as well, associated with the contribution of the
human element in the industry’s digital transformation. It is contended that in “..the
Industry 4.0 era the human resources management philosophy is getting higher for
the maritime sector” (Muslu 2020).

Digitalization and human resource management

Numerous trends in the global economy, like the aging workforce, diversity, and the
adoption of digital technologies (Stone and Deadrick 2015), pose constant pressures
for change in the management of the human capital. As far as digitalization is con-
cerned, the rapid diffusion of technological advancements is reshaping the workplace
of the future and creates new requirements for organizations. Although business digi-
talization requires a holistic restructuring of the way human resource management is
performed, spanning from core human resource functions like recruitment and train-
ing, to more strategic and developmental roles, the present analysis focuses mainly
on three dimensions, proposing a conceptual model, as presented in Fig. 1. While the
first dimension concerns the effects of digitalization in the future of work, the other
two dimensions relate to the tools that human resource management can deploy to
respond to these challenges from an organizational and operational standpoint.

The term future of work (Jain and Ranjan 2020), refers to issues related to job crea-
tion and destruction due to automation (Colombo et al. 2019), future workforce
structure and skills in need (van Laar et al. 2017; Nair 2019), while also including
constructs related to “job quality, wage inequality and social protection systems”

Digitalization and
Human Resource
Management

Organizational
level
Operational
level

Fig. 1 Business digitalization and human resources management. Source: Authors
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(Santana and Cobo 2020). For the purposes of this research, when discussing about
the future of work, authors will be referring hereafter to work automation as well as
to the required future skills.

From an organizational perspective, changes brought to organizations through the
adoption of digital technologies are enormous. These changes affect all functions of
organizations, with human resource management being one of them. DiRomualdo et al.
(2018) examine the ways digital transformation will change the human resource man-
agement model and transform its processes and services. Digitalization has been related
with the flexibility in the management of the workforce structure, as it motivates firms
to employ unconventional employment formats and to use ICT tools to strengthen their
HRM brand (Zavyalova et al. 2022). Ravarini and Martinez (2019), examining the organ-
izational transformation of an organization and the transition from the hierarchy to hol-
acracy, pinpoint the possible role of e-HRM, which is consisted of three pillars, namely,
the Information System, the HRM Process and the Organizational Culture. The promi-
nent role of organizational culture is highlighted in driving business outcomes related
to the successful implementation of digital transformations. Organizational culture has
been widely recognized as an important organizational construct which affects almost
every aspect of the business. Due to its importance, many researchers have studied the
role of culture in business environments (Hofstede et al. 1990; Wallach 1983; Deshpandé
and Webster Jr 1989; O'Reilly and Chatman 1996; Hofstede 2001). Researchers have also
attempted to create a typology for explaining differences in cultural contexts (Harrison
1972; Deal and Kennedy 1982; Quinn and McGrath 1985; Handy 1993). In addition,
there is a body of knowledge examining the link between culture and organizational
change (Oram and Wellins 1995). In the case of digital transformations, organizational
culture is “often cited as the most critical factor in successful technology assimilation”
(Cabrera et al. 2001). Digital culture (Martinez-Caro et al. 2020; Proksch et al. 2021)
refers to “an emerging set of values, practices and expectations regarding the way people
(should) act and interact within the contemporary network society” (Deuze 2006).

Initiatives from an operational perspective concern the way technology has the poten-
tial to enable human resource management to deliver value in the digital era. Big data
analytics (Kwon et al. 2014; Gandomi and Haider 2015) are featured as a new source of
value generation, with business analytics being the term that responds to the evidence-
based approach in identifying and solving business-related problems (Holsapple et al.
2014). Data analytics and HRM practices have been found to contribute to the profit-
ability of the firms (Erro-Garces and Aramendia-Muneta 2023) People analytics (Gal
et al. 2020), also referred to as human resources analytics (Rasmussen and Ulrich 2015;
Margherita 2021), or human capital analytics (Andersen 2017), or workforce analytics
(Simén and Ferreiro 2018; Mclver et al. 2018) or talent analytics (Davenport et al. 2010,
N’Cho 2017), is the application of big data analytics in the human resources manage-
ment function. The field of human capital analytics has exponentially grown during the
last few years and multiple definitions have been employed to describe the term (Lawler
et al. 2004; Ulrich and Dulebohn 2015; Marler and Boudreau 2017). Although with dif-
ferent perspectives, it could be argued that human resources analytics is an evidence-
based approach for making people-related decisions (Bassi 2011) leveraging data and

information instead of relying on intuition.
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Methodology

Research methodology

The current study is based on a systematic review, seeking to bring together articles
dealing with the effects of digitalization on human resource management, focusing on
the maritime industry. Systematic reviews were first introduced for health-related sec-
tors; however, their use is constantly gaining ground in social sciences (Snyder 2019) and
its process is strongly associated with the development of an evidence-based approach
in management (Tranfield et al. 2003). The need for conducting a systematic literature
review in the respective field of study, derives from the increasing use of digitalization in
the maritime sector and the associated challenges it poses. For this reason, the main sci-
entific contributions in the respective field are presented, while aspects which have not
been extensively researched yet are discussed.

The review follows a systematic process to collect the data using predefined key-
words and specific inclusion and exclusion criteria. This type of review presupposes the
detailed recording of research steps, so that other researchers can replicate the search
process (Grant and Booth 2009). After the collection of data, a qualitative approach
is used to assess the scientific papers retrieved. Through this methodology, the paper
attempts to create a conceptual framework, proposing methodological tools that will
respond to the analysis of the challenges described above.

Data collection and analysis

The methodological approach adopted for this review includes the collection of relevant
articles, in which authors had full access, published in dedicated maritime, transporta-
tion, business and technology-focused academic journals as a priority, written in English
with a special focus in the period between 2015 and 2023. The set time frame is attrib-
uted to the increased interest of the academic body of knowledge in the respective field
from 2015 onwards without however excluding articles beyond this timeframe which
constitute academic milestones in the field of maritime human resource management.
At the same time, analysis includes articles published during December 2023, to capture
the latest research findings in the field. The methodology of the review is grounded in a
four-stage process, as presented in Fig. 2.

In the first stage, digital databases and search terms were defined. Totally five data-
bases were selected, namely Emerald, Scopus, Springer Open, MDPI and Sciencedirect,
using combined keywords reflected in titles or abstracts. The search process was con-
strained to exclude articles which were not in English. The exact search terms used were
(“human resources” AND (maritime OR shipping) AND (digitization OR digitalization

¢ Select inclusion and exclusion criteria

e Evaluate literature in terms of relevance

¢ Conduct literature search ’
¢ Analyze and conceptualize literature |

<< 4

Fig. 2 Methodology steps. Source: Authors
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OR “digital business” OR “digital transformation”)) or any other combination of these
words. However, due to spelling differences, the terms “digitization” and “digitalization”
were also included.

The second stage included the search process of peer-reviewed articles on the prede-
fined databases. In addition, authors conducted a manual search in maritime journals,
using the same keywords as described before, to ensure that relevant publications would
not be excluded due to unavailability in the selected databases. Precisely, the journals
that were more extensively used were Maritime Policy and Management, Maritime Busi-
ness Review, Marine Policy, Journal of Shipping and Trade, WMU Journal of Maritime
Affairs, Maritime Economics and Logistics, and International Journal of Shipping and
Transport Logistics. Through this first set of articles, authors also identified additional
articles, which cited or were cited by the initial papers.

During the third stage, abstracts from publications retrieved in the second stage were
reviewed to assess their relevance with the examined thematic area. The most relevant
studies were chosen for further research, while the irrelevant ones were eliminated.
Through this process, the final set of papers resulted in a total number of 36.

The last stage incorporates the analysis of the literature, to be classified into sub-cat-
egories. As stated by Fish and Block (2018), systematic literature reviews are preferred
to be “concept-centric” instead of being presented chronologically or alphabetically.
Following this direction, the current review categorizes research papers in terms of
thematic foci and research methods employed, attempting to create a conceptual frame-
work, which will respond to the analysis of linking maritime digitalization with human
resource management.

Although authors have made every effort to examine all articles in the respective field
of study, issues related to unavailability in the databases, or to the fact that search terms
used were not reflected in the titles or abstracts of the papers retrieved, may have con-
strained the article identification process.

Theoretical framework

Articles retrieved during the literature review process are categorized across the three
broadly defined research themes, presented in Section "Digitalization and human
resource management". It is important to note that although industry reports and
research projects on the subject are presented, only articles in peer-reviewed journals
are included and analyzed thoroughly in tables and figures.

Thematic foci

In terms of thematic concentration, it is observed that research interest has focused
on the analysis of the future skills needed in the maritime profession and the associ-
ated changes in training needs, as well as on concerns regarding the future of employ-
ment due to increased automation. However, there is a significant smaller amount of
works related to maritime digitalization at organizational level, while research out-
puts in maritime human resource management at operational level were hardly found.
As indicated in Table 1, from the total number of 36 papers under review, the major-
ity (28 papers) fall under the category of “future of work’, including works on mari-
time digitalization and future skills (5 paper), the effects of Maritime Autonomous
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Surface Ships in the automation of work (8 papers) and the future skills (7 papers)
as well as the reconsideration of maritime education and training (7 papers) while, 8
papers examine the effect of factors at organizational level in establishing better pros-
pects for digital transformation in shipping.

Table 1 Main thematic topics in maritime human resource management in relation to digitalization

Main thematic areas Thematic sub-areas No. of articles Publications

Future of work Maritime digitalization and future skills 5 Cicek et al. (2019)
Muslu (2020)
Shahbakhsh et al. (2022)
Baum-Talmor and Kitada (2022)
Narayanan et al. (2023)
MASS and work automation 8 Wahlstrom, et al. (2015)
Ahvenjarvi (2016)
Mallam et al. (2019)
Jo and D’agostini (2020)
Kooij and Hekkenberg (2020)
Poulis et al. (2020)
Boguslawski et al. (2022)
Theotokatos et al. (2023)
MASS and future skills 7 Jo et al. (2020)
Kim and Mallam (2020)
Kilpi et al. (2021)
Saha (2021)
Sharma and Kim (2021)
Chan et al. (2022)
Emad and Ghosh (2023)
Maritime training and education 8 Deling et al. (2020)
Demirel (2020)
Nasur and Bogustawski (2020)
Simmons and McLean (2020)
Smith Johnson (2020)
Meyer et al. (2021)
Lietal. (2022)
Turkistanli (2023)

Subtotal 28
Organizational level 8 Shin and Shin (2019)
Gupta et al. (2022)
Jovic et al. (2022)
Kaptan (2022)
Lipis and Schislyaeva (2022)
Przybylowski et al. (2022)
Autsadee et al. (2023)
Luetal. (2023)
Subtotal 8
Operational level -
Subtotal =)
Total 36

Source: Authors
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Future skills and automation in the maritime industry

As digitalization and task automation in the maritime sector advances, traditional jobs
may become obsolete while new ones will be created. Apart from the adoption of digital
technologies and solutions, smart and autonomous ships, ranging from some form of
autonomy to fully autonomous vessels, are about to transform the maritime industry.
This transformation receives criticism as regards to the way it will affect shipping indus-
try’s identity. In this context, automation in the form of unmanned vessels is considered
to pose a threat to the identity of the shipping industry as it will be a shift to “non-sea-
farer-centric shipping” (Poulis et al. 2020). Likewise, changes in the nature of work of
the seafaring profession and among maritime professionals in general, necessitate the
development of new skills related to digital technologies and manifest the importance of
lifelong learning.

Researchers, responding to the constant and impetus technological disruptions, rec-
ognized the immediate need to improve current skills, and therefore focused on the
identification of specific competences, which will be necessary for the technologically
advanced environment in maritime business. Shahbakhsh et al. (2022) examined the role
of seafarers in autonomous shipping and found that the challenges they will face in the
transition to the new environment are numerous, with those related to unknown skills
and competencies to be included among them. They conclude their analysis by pro-
posing several relevant questions that future research should examine. Li et al. (2022)
analysed skills and competencies considered as critical to shore-based executives in the
maritime logistics sector in the digital era. They concluded that in descending order, the
most important skills are the business skills, the logistics skills the management skills,
and the digitalisation skills. Researchers, emphasize the fact that business skills were
considered of secondary importance. In the last group of skills are ranked in terms of
importance the factors of Information Search and Processing, Digital Communication
and Collaboration, Digital Problem-Solving skills, Cyber-security and Hardware and
Software Knowledge. Baum-Talmor and Kitada (2022) proposed a human-centered
approach and discussed the way Industry 4.0 and digitalization affect skills, training and
support mobility in the career of seafarers.

Cicek et al. (2019), synthesized skills defined in previous works to identify essential
competences that seafarers will need to possess. Skills were defined and classified into
four categories, namely technical, social, methodological, and personal (Hecklau et al.
2016). In relation to digitalization, technical skills refer to capabilities linked to comput-
ing and digital skills such as programming and data processing, whereas the rest relate
more to behavioral and cognitive characteristics like emotional intelligence, teamwork,
and leadership. Such findings are in alignment with the research project “Skillsea” (Oksa-
vik et al. 2020), which was conducted to identify the skills and competences of maritime
professionals for the future maritime industry. Specifically, skills directly related to the
capability of using technology and data analytics as well as familiarity with computer
systems, in combination with soft skills development, are evolving into essential compe-
tencies for the future.

As mentioned in Section "Digitalization and Maritime industry", disruptions, like
COVID-19, increase the interest of organizations for new technologies and their contri-

bution to overcoming or minimizing difficulties. This framework of analysis is employed
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by Meyer et al. (2021) in the analysis of the ability of small and medium sized ports in
the Baltic Sea Region to keep the severe effects of the lockdown due to COVID 19 to the
minimum via the increase in deployment of digital technologies. Based on this analy-
sis, they suggested a conceptual capacity building framework for port employees, which
improves their competence and skills thus fostering the digital transformation of ports.

Like any change, the introduction of Maritime Autonomous Surface Ships (MASS)
creates mixed reactions from those who will mainly be affected, i.e. seafarers (Theotoka-
tos et al. 2023; Boguslawski et al. 2022). At the same time, the introduction of MASS
(Ringbom 2019; Kim et al. 2020), has created consensus among stakeholders for the
essential need for modification of the training framework (Theotokatos et al. 2023) and
have initiated a conversation around the current situational awareness of seafarers (Chan
et al. 2022) and the skills required in an almost completely autonomous or unmanned
environment. Sharma and Kim (2021), examined the extent to which the International
Convention on Standards of Training, Certification and Watchkeeping (STWC), covers
the required competences of navigators due to degree 2 MASS development, that is a sit-
uation where a ship is controlled remotely, but seafarer’s presence on board remains. The
results of the study indicated that while some of the traditionally defined competences
remain relevant, there is a need to update existing regulations to include hard and soft
skills related to the development of MASS. Hard skills refer to information technology
competences as well as to technical knowledge related to equipment, systems and oper-
ating procedures. For the non-technical competences of navigators as described by Fjeld
et al. (2018), researchers identified the ability to maintain situational awareness as well as
leadership skills, as the most important competences in the MASS era. Other research-
ers have examined the skills needed in a situation where a greater degree of autonomy
on board the ship will become feasible. Saha (2021) investigated the competences that
future shore control operators will need to possess to “monitor and control” unmanned
ships from onshore infrastructure. Emad and Ghosh (2023), identified essential skills and
competencies, which they propose to be used for the reform of STCW. In their research
they reveal that many current skills will still be used in the era of autonomous shipping,
while new skills linked with the future adopted technologies will be needed. In the pro-
cess of transition to autonomous and unmanned ships, traditional training for seafarers
will be implemented before the upskilling of the maritime human resources.

Maritime Education and Training in the context of digitalization and training meth-
ods and tools applied for the training of maritime human resources attract the increased
interest of the research community. Turkistanli (2023) conducted bibliometric research
on the digitalization of education and modern trends and found an increase in inter-
est in learning tools and models in Maritime Education and Training with publications
and citations growing impetuously after 2017. Human factor issues are found to be a
dominant narrative, with the emphasis on the improvement of nontechnical skills. Many
researchers have highlighted the importance of soft skills which are highly acknowl-
edged from industry professionals as well. Kim and Mallam (2020), using a Delphi tech-
nique with 36 experts, analyzed and ranked leadership skills essential for the future,
distinguishing among other factors important in crewless remotely operated ships and
those necessary for ships operating with some extent of autonomy with crew on board.
Hence, different levels of automation require different competences to some extent. Via
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a survey, Kilpi et al. (2021), asked participants to assess 16 competencies in terms of
importance in their organization, currently and in the medium-term. The results indi-
cated that innovation, change, project management, flexibility and problem solving
have been identified as key competences among participants. Furthermore, the research
showed that the competence gap is estimated to increase in the future, necessitating
accordingly immediate responses related to human resources re-skilling and up-skilling.

In addition, researchers have also examined the awareness of students pursuing
maritime-related degrees regarding autonomous shipping. Survey research by Jo et al.
(2020) examined the perceptions of students of the Korea Maritime and Ocean Univer-
sity regarding the possible competency-based changes of seafaring jobs due to MASS
development. Although there were differences among the opinions of participants, the
overall outcome of the research was that significant changes will occur in needed com-
petences with regards to MASS development. In the same vein, Nasur and Bogustawski
(2020), conducted a survey among students at maritime universities, to examine their
familiarity and perceptions on MASS. Through questionnaires, the research concluded
that maritime students have an average understanding of the MASS framework, while
there is a low satisfaction regarding the coverage of the topic in Maritime Education and
Training (MET). As a result, due to the rapid technological advancements in maritime
business, maritime education and training should adapt accordingly to meet the higher
level of technical, digital, and soft skills requirements (Deling et al. 2020; Simmons and
McLean 2020; Smith Johnson 2020; Demirel 2020).

Maritime Education and Training can create the framework for the enhancement of
gender diversity, a term almost fully neglected in maritime digitalization. Naranayan
et al. (2023) focus their research on the factors affecting female seafarers’ participation
in the male-dominated seafaring profession, examining their potential for participation
in the evolving workplace. The result of their research reveals that the ongoing techno-
logical advances onboard ships might improve female seafarers’ participation, provided
that there will be a level playing field and gender neutral access for the acquisition of the
needed IT skills and competencies.

Apart from the consequent shift in skills in need, driven by the development of
autonomous shipping, changes in the employment context are likely to occur. The
development of autonomous ship technology has been introduced to respond to the
shortage in the supply of the seafaring labor market, which is expected to further
worsen in the future as indicated by BIMCO/ICS (2015), and has since been driven
by economic and environmental factors (Munim 2019). The arguments in favor of
unmanned vessels include the increased safety and the reduction of operational
costs, both associated with the absence of the human element. Specifically, one of
the arguments relate to the fact that a reduction in the number of seafarers needed
on board, will increase a ship’s cargo capacity, thus increasing its revenues, leading
therefore to an improvement in a firm’s competitiveness. In addition, it is argued that
the human factor is the main contributor in many maritime casualties and therefore
its absence will increase maritime safety and decrease environmental disasters (Hogg
and Ghosh 2016). Conducting qualitative research based on 100 maritime accident
reports related to navigational safety, Wrébel et al. (2017), revealed that although
unmanned vessels might reduce the number of accidents related to safety hazards,
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non-navigational accidents can be expected to increase with crewless voyages. This
could be justified from the fact that in urgent and unexpected situations, human’s
creativity and adaptability can be proven valuable in minimizing the effects of a mar-
itime accident (Mallam et al. 2019). In response to the argument of increased safety
of unmanned ships due to the absence of the human element, Ahvenjirvi (2016) rea-
soned that the human element cannot be eliminated. Even fully autonomous ships
with no crew onboard will require remote shore-based control centers operated and
monitored by humans. Moreover, software and decision support systems on board
the ship are designed by humans and are therefore subject to errors.

Muslu (2020) examined the way Maritime 4.0 will define the next generation of
seafarers, supporting the idea of Nordseth (2018) that the seafarer of the future will
not be the outcome of the traditional categories namely, deck, engine and catering,
but instead, the seafarer of the future will be able to do everything. It should be noted
that the idea of dual officer (officers who will be trained as both deck and engine
officers) as the trend of the future, has been supported by Theotokas and Wagtmann
(2011). Although fully autonomous ships are at early stages of development, technol-
ogy currently enables a large degree of autonomy, lowering the number of seafar-
ers needed on board. Due to accelerating technological advancements, the interest
of researchers regarding the future of the seafarer profession is constantly grow-
ing. Wahlstrom et al. (2015), in one of the earliest studies on the respective field,
attempted to present some of the human factor challenges and opportunities associ-
ated with the future shore control centers of unmanned vessels, leveraging evidence
from other industries such as military, aviation and space operations, among others.

Kooij and Hekkenberg (2020), analyzed the implications autonomous shipping
will have on crew size. They concluded that the number of the crew on board will
not decrease significantly if only some of the tasks become automated. The results
would be diversified in the case that a larger number of operating tasks on board
could be automated. Jo and D’agostini (2020) conducted scenario-based research
examining four different scenarios between 2018 and 2035, to assess the possible
effects of maritime autonomous surface ships (MASS) on the maritime workforce in
Korea. They estimated that, although some seafaring jobs will be lost due to auto-
mation, there will be a significant increase in shore-based jobs leading to a positive
impact in the sector’s employment. Some of these new shore-based positions will
be probably connected with the market of information technology professionals. In
general, researchers reason that standardized tasks are more likely to be outplaced
by technology. Similarly, the World Maritime University (2019) estimated that task
automation is more likely to occur in low and medium skilled jobs rather than in
high skilled ones. To estimate the potential automation of a number of 702 occupa-
tions, Frey and Osborne (2017) argued that marine engineers and naval architects
present a low probability (0.01) of their jobs being automated (with 0 indicating non-
computerizable occupations and 1 indicating occupations which are most likely to
be automated). However, occupations within the spectrum of the transportation sec-
tor overall, present high probability of being outplaced by technology.
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Organizational level dimensions and shipping digitalization

Digitalization and digital transformation are considered factors that define the potential
for increase in the performance of organizations. Lu et al. (2023) link digital transforma-
tion with the sustainability performance of organizations. The findings of their survey in
a sample of 187 maritime professionals in Singapore, propose that sustainability innova-
tion can be positively influenced by digital capabilities, digital technology and business
strategy alignment, which along with sustainability exploration innovation, sustainability
exploitation innovation and digital flexibility are considered in descending order as the
key drivers for the sustainability performance. Jovic et al. (2022) in their examination
of the factors influencing digital transformation in the maritime transport sector, state
the importance of organizational factors, along with the practices for the management
of human resources and the structure of the organizations to be among the important
ones. At the same time, they consider the Human Resource Management as an area that
benefited from digitalization. Autsadee et al. (2023) recommend that the maritime sec-
tor can use digitization as a tool for competitiveness. Their research investigates various
digital tools in the fields of Human Resource Development (HRD) in the marine indus-
try and pinpoints their adoption, role, and benefits. At the same time, they examine the
problems in implementing these tools and technologies and emphasize the necessity for
the adoption of a strategy to digitization within the field of HRD, which will contribute
to the resolution of difficulties and problems and to the full leverage of the tools and
technologies. Lipis and Schislyaeva (2022) employ a framework of analysis, which con-
siders digital transformation as one of the most important factors for the competitive-
ness of contemporary organizations, examines the quality and the mobility of human
resources as a key factor for the success of digital transformation and identifies the
methods and means for the update of the competencies of human resources, focusing
more about the form than the content of the training. Przybylowski et al. (2022), relate
digitalization with the efforts of shipping companies to transit to new working models,
which are either based on remote work or combine traditional mode and remote work.
Apart from the acquisition of new skills and the development of new competencies for
maritime labour, new technologies will alter human resources practices (Kaptan 2022).
Dimensions related with the climate and the leadership in organizations that foster digi-
talization have been found to affect employees’ motivation. Li et al. (2022) found that
the combination of healthy organizational climate, supportive co-workers and authentic
leadership in the context of digitalisation and automation, boost seafarers’ phycological
capital.

Organizational culture has been analyzed as one of the factors that determine the
organizational structure of maritime companies (Theotokas 2018). Previous research
regarding organizational culture in the maritime context has addressed issues regard-
ing safety culture (Havold 2005; Neevestad 2017), which “reflects individual, group
and organizational attitudes, values, and behaviors concerning safety” (Ek et al. 2014)
and its importance in minimizing the occurrence of accidents related to the human
factor (Neevestad et al. 2019). In addition, issues deriving form multicultural teams
onboard, including communication difficulties related to the lack of a common lan-
guage (Theotokas and Progoulaki 2007), and the occurrence of maritime accidents
(Laursen et al. 2008; Ugurlu, et al. 2017), have been examined as well. Progoulaki and
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Theotokas (2016), combining different theoretical approaches created a model of dis-
tinct strategies to address the management of cultural diversity of maritime human
resources.

However, for the purpose of the current work only two articles linking culture and
digitalization in the maritime sector and specifically in liner shipping was retrieved.
Shin and Shin (2019), explored the type of culture and strategy that best fits an
organization that undergoes an organizational change related to innovative tech-
nology adoption. Specifically, following the typology of Quinn and McGrath (1985),
they found that liner shipping companies that incline towards the developmental or
rational type of culture, have better prospects in successfully adopting the technol-
ogies of the 4th Industrial Revolution. Gupta et al. (2022) examined the manpower
readiness for Industry 4.0 in the context of the Indian logistics sector. Based on the
literature review they identify the factors that contribute to talent building and by
using the FAHP approach they rank them and find that organizational factors are the
most dominant, with the behavioral and technological factors to follow. In the context
of each group of factors the most important sub-factors were prioritized. The most
important organizational subfactors were found to be the organizational culture and
top management support and commitment for digitalization. In relation to behavioral
factors, those of training on functional skill development and building competency
for implementing digital business models appear to stand out, while in relation to
technological factors the development of capabilities for integration of technological
platforms and capabilities for sharing and data storing are considered crucial.

Operational level dimensions and shipping digitalization

As far as the operational aspects of digitalization are concerned, the rapid diffusion of
digital technologies has created new sources of value generation. The large amount of
data generated from digital systems and technologies on board the ship and ashore,
have permitted the creation and storage of information that was previously hard
or impossible to locate and track. These data, if used well, could be valuable for the
maritime business, improving the decision-making process. Big data analytics and
artificial intelligence research in the maritime context include among other their
application in the evaluation of ship collision risk (Zhang et al. 2021), in energy effi-
ciency and vessel performance (Munim et al. 2020) and in the application of Auto-
matic Identification Systems data (Yang et al. 2019).

During recent years, a growing number of industry reports stress out the need of fully
exploiting and leveraging the opportunities of digital technologies and these of the vast
amount of data stored, yet only a substantially small amount of generated data is ana-
lyzed thoroughly. While studies examining the role of big data and analytics applica-
tions in the maritime industry as well as their significance in contributing to economic
and environmental issues are increasing, academic research regarding the application of
analytics in the maritime human resource management function is significantly lagging.
Thus, there is a need to research the potential use of analytics in making people-related
decisions in the maritime industry, as a way of relying more on evidence-based decision-
making and fully exploiting the benefits that technology can provide.
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Research methods used

From the total number of 38 articles, 13 are review articles while the rest (25), are empir-
ical. Table 2 provides an overview of the distinct research methods used in the empiri-
cal research papers. Review articles do not contain research methods since they are
assembling and summarizing the results of previously published literature, thus are not
included in the table. Empirical studies deploy different methodologies, relying on quan-
titative analysis, qualitative research methods or following a mixed methods approach.

In the case of quantitative analysis, survey is the main method for the empirical data
collection. In these cases, articles address questionnaires either to students pursuing
maritime-related degrees, or to representatives from maritime companies or to other
stakeholders, including maritime logistics and research organizations, as well as mar-
itime education professionals. Most quantitative research papers rely on online ques-
tionnaires. In one out of the 13 articles using quantitative methods, authors based their
research on case study methodology using algorithms to estimate changes in the crew
numbers. In another work, a system dynamics methodology is used, which is a way for
quantitatively analyzing real-world problems (Lyneis 1999).

As far as papers using qualitative research methods are concerned, authors conduct
semi-structured interviews. These interviews were addressed to maritime industry pro-
fessionals and academia researchers, with one of the papers using thematic analysis as
well. Thematic analysis is a qualitative methodological approach for describing and clas-
sifying common categories within data (Braun and Clarke 2006).

Regarding studies using the mixed methods approach, a diverse set of methodological
tools is used in each article. Specifically, one of the papers utilizes the Q methodology
which constitutes of a research tool suitable for exploring the participants’ subjective
viewpoints. Q methodology combines quantitative and qualitative approaches, with the
quantitative part lying in the statistical analysis of the collected data while the qualita-
tive part refers to the interpretation of the results (Haua et al. 2021). Three papers use a
survey instrument to collect both quantitative and qualitative data, while the third paper
combines Delphi survey methodology with Analytical Hierarchy Process. Delphi tech-
nique is a method, conducted in a series of rounds, for achieving consensus among the
experts of a panel using questionnaires (Dalkey and Helmer 1963). In every round, group

members can reassess and modify their answers until their opinions converge (Hsu and

Table 2 Research methods used

Case study and AHP
Delphi technique and AHP

Research methods No. of articles
Empirical articles (total) (25)
Qualitative Interviews 5
Quantitative Surveys 12
Case study (algorithm) 1
System dynamics 1
Mixed methods Q methodology 1
Questionnaires (qualitative and quantitative) 3
1
1

Source: Authors
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Sandford 2007). Analytical Hierarchy Process constitutes a “multiple criteria decision-
making tool” (Vaidya and Kumar 2006) to quantitatively analyze complex problems
(Podvezko 2008).

Further analysis on the research methods reveals that over time, there is an increase
in empirical research articles compared to review papers. Specifically, in 2019 two out of
three papers are empirical with the same applying for the year 2021. In 2020 seven out of
10 papers under review are empirical. In 2022 the empirical papers are seven out of nine,
while in 2023 are five out of six. This increase in empirical research indicates the inter-
est of stakeholders from the maritime community to seek empirical evidence to address
issues related to the sector’s digitalization.

Publication outlets

As shown in Table 3, papers on the respective field appear to be published in many jour-
nals, despite the limited research on the subject and the specificity of the topic under
review. More than half of the papers are published in journals, which aim at generat-
ing research outputs directly related to the maritime industry, including publications
concerned with the organizational, business and management aspects of the maritime
industry. Maritime energy, marine resources, pollution, and environment topics are

Table 3 List of journals and numbers of articles in each journal

No Journal titles in alphabetical order No. of
articles
found

1 American Journal of Water Science and Engineering 1

2 Computer Applications in Engineering Education 1

3 Contemporary Global Issues in Human Resources Management 1

4 Ergonomics 1

5 Handbook of Research on the Future of the Maritime Industry 1

6 International Journal of Manpower 1

7 Journal of European Studies 1

8 Journal of International Maritime Safety, Environmental Affairs, and Shipping 1

9 Journal of Shipping and Trade 1

10 Marine Policy 2

1 Maritime Economics and Logistics 4

12 Maritime Policy and Management 1

13 Procedia Computer Science 1

14 Procedia Manufacturing 1

15 Sustainability 2

16 Technological Forecasting & Social Change 1

17 Technology in Society 1

18 The Asian Journal of Shipping and Logistics 1

19 Transnav: The International Journal of Maritine Navigation and Safety of Sea Transpor- 3

tation

20 Transportation Research Interdisciplinary Perspectives 1

21 Transportation Research Procedia 1

22 Universal Journal of Educational Research 1

23 WMU Journal of Maritime Affairs 5

24 Worldwide Hospitality and Tourism Themes 2

Source: Authors
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covered as well. Apart from dedicated maritime journals, papers on the respective field
appear also in journals of different scopes, such as educational, societal or technology

driven.

Evolution of publications over time

Figure 3 shows the evolution of publications over time. As indicated, while the first
papers in the field appear in the year 2015, there is a progressive evolution of research in
the respective field since 2019 onwards. More specifically, the literature search retrieved
one article for each of the years 2015 and 2016, while there is a decreasing trend for the
years 2017 and 2018. However, during the following years a substantial increase in pub-
lications is observed. In the year 2019 three articles were published on the topic, while
most papers are published in 2020, resulting in ten articles in total. For the following
years the number of publications varies, remaining at notable levels, though, six in 2021,
nine in 2002 and six in 2023. The increase in publications since 2019, could be explained
by the extensive adoption of digital technologies by maritime companies over time and
the growing interest on behalf of the academic community, industry professionals and
decision-makers on the impact maritime digitalization will have upon individuals and
organizations.

Conclusions and avenues for future research
The current review contributes to the academic body of knowledge by attempting to
provide a holistic framework of the publications in the field of maritime human resource
management considering the industry’s direction towards digitalization and to present
organizational and operational aspects related to the topic. Given the scarcity of pub-
lications in the respective field, the paper also attempts to leverage information from
related industries to create a framework capable of analyzing the challenges created in
the industry.

Following a systematic literature review methodology, the paper presents the primary
areas of focus in academic research, concerning the effects of digitalization in human

Number of publications
11

10

A~ 00 0 N 00 O

o B N W

2015 2016 2017 2018 2019 2020 2021 2022 2023
Fig. 3 Evolution of publications over time. Source: Authors
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resources with a special focus on the maritime industry. It should be noted that the cur-
rent review examined publications related to the three areas of focus, namely, the future
of work, organizational culture and human resources analytics.

As extensively analyzed, there is significant research output regarding the possible
implications on the adoption of digital technologies and solutions as well as the develop-
ment of MASS technologies may have on the future of maritime employment. Further-
more, researchers are concerned about the skill gap created between existing and future
competences. Therefore, maritime digitalization poses two serious challenges for human
resource management. The first, relates to the need for workforce reskilling and upskill-
ing through continuous learning and training in both hard and soft skills related to digi-
talization, while the second refers to organizational and operational parameters that
need to be considered when redefining the way human resource management can create
value for organizations and individuals. Thus, human resource management functions
should reconsider planning for the future needs of the workforce, via adopting practices
that will act as facilitators for the industry’s digital transformation journey and via devel-
oping a human resource strategy, suitable for providing additional support to the change
process. Another observation relates to the fact that publications are mainly concen-
trated in the seafaring labor market, while the field lacks significant research regarding
the effects of shipping digitalization on shore-based employees.

Although human capital constitutes a main source of competitiveness for maritime
organizations, there are limited research findings on the human resource management
practices that should be employed to address these challenges and on the initiatives that
should be undertaken to prepare the workforce for the constantly changing maritime
business environment. However, from the evolution in the number and the variety of
approaches in research papers, it could be argued that a distinct scientific field is begin-
ning to formulate. Thus, there is the need to conduct further research and extend the
current scientific knowledge so that the field can be developed.

Overall, existing studies on human resource management in the maritime field remain
scarce compared to those of other industries, creating great opportunities for research-
ers to explore new topics and expand on existing scientific knowledge. Among the future
research opportunities, possible topics, which could be explored relate to (1) the effects
of digitalization on maritime shore-based employees, (2) the integration of maritime
human resource management practices between sea and shore-based human capital in
the light of shipping digitalization, as well as (3) the reconsideration of human resource
management functions to respond to the challenges the new era introduces.

In addition to the above, challenges appear at the policy level as well. Since there is not
a dominant design for MASS technologies or technologies related to software applica-
tions, following the digital trends for policy makers is a challenge. Regulating on opera-
tional issues such as safety and security ringfencing the wellbeing of those on board and
on shore, as well as the physical environment has become a conundrum. There is plenty
of room for research in exploring regulatory frameworks, which can be related to Mari-
time Education and Training (MET) encouraging the use of such technologies. This can
be achieved via providing the necessary tools to human resource management depart-
ments of shipping companies and organizations to design and develop HRM systems
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focused on diversity based on factors leading to digitalization and motivate employees in
the use of innovative technologies.

Finally, among the limitations of the present study, is the lack of focus on issues exam-
ining the relationship between automation in shipping and safety management on, as
well as issues exploring the impact of automation on the wellbeing of seafarers. Both
areas are of critical importance in the future direction of the maritime industry thus
mapping the extend these have been examined and the different perspectives used, will
add value at academic, industry and policy level.
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