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Abstract: In this research, the authors investigated the factors of digital transformation in the maritime
transport sector, which were applied to the case study of Croatia. Since there is a pronounced lack of
research dealing with the digital transformation factors in the maritime transport sector both globally
and in Croatia, as a first step the authors identified the aforementioned factors using the literature
review method and interviews. Moreover, the survey was carried out among a representative group
of stakeholders involved in the maritime transport sector in Croatia, including administrative entities
such as port authorities, ministries, and harbormaster’s offices, as well as commercial participants
such as freight forwarders, agents, and terminal operators. The goal was to obtain the state of the
art of digital transformation in the maritime transport sector. A total of 94 organizations provided
valid responses. Finally, the authors proposed measures to improve the digital transformation
in the maritime transport sector in Croatia. The results highlighted the importance of various
digital transformation factors, such as information security, investment in emerging technologies,
leadership motivation, and expertise. The case study presented serves as a valuable reference for
comparable countries that recognize their resource constraints but aspire to enhance their efficiency
and competitiveness.
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1. Introduction

The potential offered by digital technologies and digital transformation is being ex-
plored by an increasing number of researchers and practitioners. This transformation
has raised consumer expectations, disrupted markets, and placed pressure on traditional
companies and business models [1]. The terms that are often associated with digital
transformation include digitization (converting analog into digital format [2]) and digi-
talization, which entails leveraging IT or digital technologies to modify existing business
processes [1,3]. As a step further, digital transformation encompasses not only the imple-
mentation of new technologies but also the development of digital strategies, fostering a
digital culture, and creating new business models [4–7].

Digital transformation in the maritime transport sector has the potential to optimize
cargo handling, enhance business processes, and minimize environmental impacts within
the maritime transport chain [8]. However, despite the numerous benefits, digital trans-
formation in the maritime transport sector lags behind other transportation sectors [9].
Extended transit times, delays, reduced reliability, and high costs in maritime logistics
services are outcomes of manual processes and a lack of smooth coordination among the
various actors involved in maritime logistics [10]. Achieving an optimal level of collabora-
tion poses challenges for various reasons, including the competitive nature of stakeholders
who may pursue solutions independently [11].

The World Bank highlights the strategic role of the maritime sector in the global
economy and proposes a roadmap to support its digitalization. This digital transformation
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is expected to bring wide-ranging economic benefits, particularly for developing countries.
The report by the World Bank and the International Association of Ports and Harbors shows
that digital technology could greatly enhance the performance and resilience of maritime
supply chains [12,13].

In the maritime and logistics industry, digital transformation is increasingly recog-
nized as a vital strategy to address numerous challenges and enhance the efficiency of
operations. Central to this transformation are various technological implementations, in-
cluding decision support systems to refine shipping operations, information systems for
aiding port logistics, and cutting-edge digital technologies such as the Internet of Things
(IoT) [14], artificial intelligence (AI) [15], and blockchain [16–18]. These innovations play
a critical role in augmenting the efficiency of the transportation of goods, the exchange
of information, and the management of financial assets, thereby boosting the operational
efficiency of ports.

The maritime and logistics sector is undergoing a transformative phase, spurred by
digital advancements. This transition is characterized by the adoption of new business
models, the integration of innovative technologies and digital solutions (that streamline
the movement of cargo, documentation processes, and financial transactions), and tackling
challenges related to organizational culture, resource allocation, and regulatory adjust-
ments [7,19,20].

Nevertheless, transitioning to digital practices in this sector is inextricably linked to
obstacles. It necessitates a profound transformation in the digital culture and thinking
of organizations [21]. Challenges also arise in resource management and the need for
regulatory bodies to adapt to technological advancements. Changes in regulations, legal
frameworks, and policies are particularly pivotal regarding data management in future
maritime networks [22]. While fragmented regulations can restrict access and stifle innova-
tion, the adoption of technology, despite its advantages, also carries risks, including the
potential for cybersecurity threats.

It is crucial to overcome these obstacles and seize the opportunities presented by
digital transformation in the maritime transport sector. Therefore, gaining a comprehen-
sive understanding of the current role and status of digitalization, as well as the factors
influencing organizations in their digital transformation journey, is of utmost importance.

This research builds upon an extensive literature review paper titled “Digital transfor-
mation in the maritime transport sector” [23], which identified drivers, success factors, and
barriers related to digital transformation. The aforementioned paper relies solely on a liter-
ature review and lacks a deeper analysis and validation of the results. The research results
were categorized using the TOE (Technology–Organization–Environment) framework. The
TOE framework, first introduced by Tornatzky and Fleischer [24], is a theoretical model that
explains how the organization’s context and the surrounding environment influence the
adoption and implementation of innovations [25]. Originally developed to provide insights
into innovation adoption at the organizational level, the TOE framework has also been
used to analyze qualitative aspects of complex systems and implementations, including
potential risks. The technological aspect refers to the adoption and implementation of
new technologies and innovations, ensuring they are secure and can be integrated with
existing systems. The organizational aspect refers to the resources available within the
organization, the structure of the organization, and the communication between employees.
The aspect of the external environment refers to activities that are outside the control of the
organization but can still impact the organization and its growth.

Based on that foundation, the authors have collected data on the factors influencing
the digital transformation of stakeholders operating in the maritime transport sector in
Croatia through a survey methodology, in order to obtain the state of the art of digital
transformation. These influencing factors were also categorized as TOE factors, as well as
how TOE factors impact changes in business models.
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The Inclusion of the latter is based on the observations made by numerous authors
who associate digital transformation with the reshaping of business models [26–28]. Based
on the results, it is possible to determine measures to accelerate digital transformation.

Croatia offers a crucial context for examining digital transformation within the mar-
itime transport sector for several reasons. Primarily, the country’s strategic location, in-
tersected by numerous pan-European transport corridors, positions it as a vital link in
regional and international maritime logistics. Additionally, the recognition of key seaports,
notably the Port of Rijeka, by both government bodies and leading organizations in digital
transformation, underscores Croatia’s emerging significance in modernizing maritime
transport infrastructure [29].

Two research questions that can be derived from the preliminary research on the topic
are as follows:

1. What are the key factors that influence digital transformation in the maritime transport
sector of Croatia?

2. Do relations exist between these key factors, and if so, what are they?

The factors of digital transformation that will be identified in this paper are applica-
ble globally and the presented nomenclature may enable stakeholders to gain a deeper
understanding of the digital transformation phenomenon and formulate more effective
digital transformation strategies. Consequently, the results may support decision-makers in
developing their digital transformation initiatives and researchers to guide further research
on the topic. In addition, the results may serve as a starting point for further analysis of
trends and challenges faced by similar countries.

After analyzing the latest trends of digital transformation in the maritime transport
sector through the literature review, the authors provided the survey results, which were
categorized into four categories: technological, organizational, and environmental factors
(i.e., TOE framework), and changes in business models and digitalization. At the end, the
discussion and conclusions are given.

2. Methodology

As mentioned earlier, the drivers, success factors, and barriers of digital transformation
were identified in the previous work, through an extensive literature review. However, in
order not to miss out on new research results (due to the maritime sector’s rapid evolution
through new technological advancements), the authors analyzed the literature for the last
four years. This timeframe ensures that the review captures the latest developments and
trends, reflecting the dynamic nature of the sector’s transformation. This review utilized
the Web of Science database, employing specific search terms to ensure a focused retrieval
of relevant literature. Web of Science database was considered as it represents the world’s
leading scientific citation search and analytical information platform [30], which includes
all online indexing databases that are relevant for the topic of research from our previous
experience (SCIE, SSCI, AHCI, ESCI, BCI, CPCI and a host of regional databases). The
keywords used in the search include the following:

• Maritime transport AND Digital transformation;
• Seaports AND Digital transformation;
• Shipping AND Digital transformation.

The keyword combinations ensure that the focus of the research is specifically on
maritime transport and digital transformation. Seaports are also included, as they represent
the key nodes in the maritime transport sector. The last keyword combination also enables
the identification of new digital technologies and digital trends in the maritime shipping
sector (e.g., in vessel operations).

The search criteria within the Web of Science database were limited to either the topic
or title of the articles, and only those published in English were considered. Subsequently,
a manual screening of the papers was undertaken to assess their relevance to the topic
at hand.
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Based on the identified factors, the authors designed a questionnaire to gain insight
into the state of the art of digital transformation in the maritime transport sector in Croatia
and identify measures for improvement. The questionnaire consisted of six categories,
first, the general information about the organization, then the four categories related to
the digital transformation factors (organizational, technological, environmental, and the
changes in business model and digitalization), and the last category, which was related to
digital transformation in the organization (with the questions regarding the current stage of
digital transformation, the technologies, etc.). The questionnaire was tested by six experts in
the field. After final confirmation of the questionnaire, One Click Survey, 1 ka Basic online
platform [31] was used to design an online survey. It is an online Software as a Service
(SaaS) solution that streamlines the creation of online questionnaires, facilitates survey
implementation including invitations and data distribution, and offers comprehensive data
analysis capabilities.

Furthermore, in order to make it easier to understand digital transformation, the
factors are divided into four groups: technological factors, organizational factors, environ-
mental factors (TOE framework), and the factors related to changes in business model and
digitalization.

To ensure a comprehensive and representative sample, the authors reached out to
262 Croatian stakeholders operating in the maritime transport sector, listed in relevant
national databases. These stakeholders included both commercial entities (such as freight
forwarders, agents, and terminal operators) and administrative authorities (including port
authorities, harbor master offices, and relevant ministries). Recognizing the significance
of seaports as pivotal components within the transport chain [32], and considering that
the connection between seaports and the hinterland influences the competitiveness and
development of seaports [33,34], the authors also involved rail and road carriers partici-
pating in the maritime transport chain. Each organization designated an expert holding
a managerial position and possessing experience in the field of digital transformation to
respond to the survey, resulting in one respondent per organization. The data collection and
processing were concluded in January 2024. A total of 94 organizations located in Croatia
provided valid responses, which were then further processed. Raw survey data processing
was carried out using Microsoft Office Excel version 2303, while statistical analysis was
performed using IBM SPSS Statistics v29.0.

A five-point Likert scale (“strongly disagree”, “disagree”, “neutral”, “agree” and
“strongly agree”) was used to gather information about respondents’ attitudes and opinions
on the topic. In order to create a summary measure of overall agreement or disagreement
and get a general sense of how respondents feel about various digital transformation
factors, acquired Likert scale responses are grouped into three categories, in this case,
1—“disagree”, 2—“neutral”, and 3—“agree” [35]. As stated by Jacoby, J. [36], the conver-
sion to trichotomous measures does not result in a significant reduction in reliability or
validity. Collapsing a Likert scale into fewer response options simplifies survey responses
and analysis, potentially increasing clarity for respondents and improving overall response
rates. This approach can enhance data reliability by minimizing confusion over nuanced
options and reducing central tendency biases [37]. This has enabled the researchers a quick
and easy way to summarize the overall results of the survey and prepare data for the subse-
quent analysis. Regarding the survey results, to compare the four sets of data (technological
factors, organizational factors, environmental factors, and factors related to changes in
business models and digitalization), a focus was given to several key statistical elements:

1. Comparison of Means: comparison of the average responses across the three categories
(1, 2, and 3) for each data set;

2. Variability: comparison of the standard deviations for each category across the four
data sets to understand which areas have consensus;

3. Mode Analysis: the most common responses for each category across the four data
sets to visualize any common trends or outliers.
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3. Results
3.1. Literature Review

To deepen the understanding of the digital transformation within the maritime trans-
port sector, a literature review was conducted. Based on the keywords used and the selected
period for the last 4 years, a total of 30 sources were identified and then manually reviewed
to assess their relevance. Ultimately, 15 papers were identified as relevant in this area.

Kaczerska, D. et al. [7] analyzed the digital transformation in ferry shipping in the
Baltic Sea Region, with a focus on the legislative actions concerning digitalization and
cybersecurity, while also identifying the digital initiatives undertaken by ferry carriers.
They used the exploratory method, the literature review, and the desk research method.
According to the results, the obligation to adapt business activities to the legal acts is not the
same for all entities in the maritime transport sector. Since the paper is based on exploratory
research and observation, a survey method would provide a deeper understanding. Con-
sidering the TOE framework, the results of this paper mostly belong to the environmental
digital transformation factors.

Raza Z., et al. [10] utilized semi-structured interviews with senior executives of liner
shipping companies to investigate the digital maturity levels, opportunities, challenges,
and key strategies for digitalization in the liner shipping sector within the larger maritime
logistics industry. In total, seven interviews were conducted. Employee resistance (one
of the organizational factors) has appeared as a key challenge to digital transformation.
While acknowledging the value of these respondents, our paper takes an additional step
by conducting a survey to gather opinions from a broader range of respondents in the
maritime transport sector, beyond just liner shipping companies.

Yuen, K-F et al. [19] identified the crucial success elements for digital transformation
in container lines by evaluating four main theories (innovation diffusion theory, resource-
based view theory, stakeholder theory, and competence motivation theory). Methodologi-
cally, a survey was conducted, including major container lines, followed by analysis using
the fuzzy analytic hierarchy process. Results indicate that organizational competency is the
most important critical success factor, followed by technology acceptance, stakeholders’
expectations, and individual motivation. However, the focus was only on the container
lines in contrast to our paper, which also covers other segments of maritime transport that
may face different challenges and priorities.

Wohlleber, A-J et al. [20] analyzed the implementation of the vital dynamic capabilities
for smoother digital transformation, with a focus on maritime container shipping. Building
upon their approach, this paper considers different types of factors influencing digital
transformation across the entire maritime transportation sector, extending beyond the
scope of ferry carriers and liner/container shipping.

Tijan, E. et al. [23] conducted a literature review of drivers, success factors, and barriers
to digital transformation in the maritime transport sector which served as a basis for this
research and the creation of the digital transformation factors. In another paper [27] by
Jovic et al., digital transformation factors were also analyzed using the partial least squares
structural equation modeling (PLS-SEM) approach.

Kuo H-M et al. [38] conducted empirical evaluations to assess the impact of coercive
pressure, normative pressure, and mimetic pressure on digital transformation and its
associated benefits in the maritime shipping context. Their research mostly addressed
environmental digital transformation factors, although digital transformation is much
more complex and includes other types of factors that were considered in our paper. Balci,
G. [39] focused on digitalization in container shipping services, with a focus on the critical
resources for competitive advantage. The results indicate that the organizational and
collaboration resources are the most important main resources, while the most important
sub-resources are the organizational culture for learning and innovativeness, integration of
digital services, and collaboration with suppliers. However, stakeholders such as terminals
and shippers are not involved in their paper, and the paper focused only on container
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shipping. In contrast to their study, our research also includes these stakeholders into
the analysis.

Yang, C-S et al. [40] analyzed the impact of digitalization and digital logistics platform
adoption on organizational performance in maritime logistics of Taiwan. Confirmatory
Factor Analysis was utilized to validate the model, and Structural Equation Modeling was
used to assess the proposed hypotheses. The main results suggest that enhancing digitaliza-
tion and adopting digital logistics platforms significantly enhance digital transformation. In
contrast to their approach, we examine digital transformation utilizing the TOE framework
and other digital transformation factors (a total of 38), aiming to comprehensively address
the complexity of digital transformation.

Lam, H-Y [41] analyzed the digital transformation for cold chain management in the
freight forwarding industry and concluded that robotic process automation significantly
reduced data processing time. Through the case study, the author tested and evaluated the
performance of two unattended robotic process automation bots applied in a freight for-
warder company to check shipment status and temperature conditions. The results showed
that implementing robotic process automation in the workflow reduces significant data
processing time. However, the focus is more on the positive aspects of digital technologies,
than on the factors of digital transformation.

Several authors have analyzed the digital transformation with a focus on particular
technologies, such as blockchain [17,18], autonomous shipping technology [42] and big
data and artificial intelligence [43]. Although individual technologies are analyzed, the
research results can also be connected to the factors of digital transformation. For example,
in the study [17], some environmental factors are mentioned such as changes in legislation
prompted by advancements in technology, or technological factors such as the need for
protection from cyber threats. However, in contrast to their approach, the focus of this
paper was not on a particular technology but rather on examining the different categories
of factors that impact the process of digital transformation.

Belmoukari, B. et al. [6] conducted a systematic literature review on the evolving
smart port concept. The research introduced 11 smart port characteristics categorized into
7 business domains. Othman, A. et al. [44] conducted a systematic literature review to
identify all pillars that are required for the smart port adaptation. In the above-mentioned
papers [6,44], ports and the necessary factors for their digital transformation were also
covered, considering their importance in the maritime transport sector.

In conclusion, some papers deal with one segment of maritime transport, such as
container shipping, liner shipping, ferry carriers, smart ports, or particular technology.
Papers that deal with maritime transport in general, have limited their research on particular
groups of stakeholders or utilized another approach. In this respect, the methodologies that
are mostly used are desk research, literature review, semi-structured interviews, surveys,
Confirmatory Factor Analysis, Structural Equation Modeling, or Fuzzy Analytic Hierarchy
Process. All these papers provide valuable contributions to the understanding of the latest
trends of digital transformation in the maritime transport sector. With our methodology,
we tried to capture the complexity of digital transformation by identifying a wide range
of digital transformation factors in different categories. This was achieved through a
combination of literature review, semi-structured interviews, and surveys. Statistical
analysis was conducted using IBM SPSS.

3.2. Survey Results

In the following subchapters, the necessary factors for digital transformation in mar-
itime transport are analyzed based on the survey results obtained from 96 relevant Croat-
ian experts.
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3.2.1. Technological Factors

To obtain an understanding of digital transformation from a technological perspective,
the respondents were asked to provide their opinion on various technological factors of
digital transformation in their organizations (Table 1).

Table 1. Response categorization considering technological factors of digital transformation.

Technological Factors
Response Categorization

Disagree
(Category 1)

Neutral
(Category 2)

Agree
(Category 3)

The organization implements measures to improve information security 4% 6% 89%
Information systems within an organization are interconnected 7% 12% 81%

The organization has integrated its own information systems into systems
operated by other commercial or administrative stakeholders 15% 16% 69%

The organization uses standards for electronic data exchange
(e.g., EDIFACT, XML, etc.) 17% 15% 68%

The organization has available funds for the implementation
of new digital technologies 11% 18% 71%

The organization systematically manages the risks of the implementation
of new digital technologies (for example, risks related to the quality of

project implementation by the contractor)
11% 23% 66%

The organization has hired new IT experts, i.e., expanded IT departments
in order to accelerate the digital transformation 34% 32% 34%

The existing technology in the organization allows the upgrade
of modern digital technologies 7% 23% 69%

The use of modern digital technologies
opens up new business opportunities 4% 6% 89%

The organization regularly invests in modern technologies
to develop our business and services 5% 27% 68%

The organization has provided prerequisites for interoperability with
external information systems, i.e., with systems managed by other

stakeholders (for example, by sharing the interface specification to which
external systems can be connected)

10% 28% 63%

The answers suggest a strong emphasis on information security and interconnected
and integrated IT systems. Additionally, there is a notable investment in new technologies
and a recognition of the new business opportunities these technologies bring. However,
the response regarding the expansion of IT departments is evenly divided, indicating
variability in organizational strategies toward building IT capabilities. Overall, these
insights demonstrate a proactive approach toward embracing digital transformation, with
a focus on both internal capabilities and external collaborations.

Table 2 shows the mean response, mode value, and standard deviation for each
response category, considering technological factors.

Table 2. Statistical measures for each response category: technological factors.

Mean Response Mode Value Standard Deviation

Disagree (Category 1) 11.36% 4% 8.64%
Neutral (Category 2) 18.73% 6% 8.71%
Agree (Category 3) 69.73% 68% 14.88%

These statistics suggest that, on average, the highest number of responses or imple-
mentation level is seen in category 3 (Agree), with a mean value of 69.73%. The standard
deviation values indicate a moderate spread in the responses for categories 1 and 2, and a
higher spread for category 3, suggesting more diverse opinions or states of implementation
in this category.
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In summary, while there is a broad alignment regarding the importance of techno-
logical factors in digital transformation in the maritime sector, the survey results show a
more advanced implementation and awareness of these factors compared to, for example,
the findings of Pseftelis et al. [45]. This suggests that while certain aspects of the sector
are advancing successfully, others—particularly cybersecurity awareness—require further
enhancement and comprehension.

3.2.2. Organizational Factors

Organizational factors are focused on organizational capabilities to embrace opportu-
nities for digital transformation. In this respect, respondents were asked to provide their
opinions on various organizational factors of digital transformation in their organizations
(Table 3).

Table 3. Response categorization considering organizational factors of digital transformation.

Organizational Factors
Response Categorization

Disagree
(Category 1)

Neutral
(Category 2)

Agree
(Category 3)

The organization’s vision of all employees in the context of digital
transformation is clearly communicated in the organization 12% 18% 70%

People in leadership positions are motivated when it comes to the digital
transformation of the organization (for example,
encourage the adoption of digital technologies)

7% 13% 80%

The organization has sufficient financial resources
to introduce new digital technologies 14% 14% 72%

The organization has enough human resources to
introduce new digital technologies 24% 28% 48%

People in leadership positions possess sufficient digital skills needed to
digitally transform an organization 6% 20% 73%

Employees possess sufficient digital skills needed for the digital
transformation of the organization 11% 26% 64%

The organization invests in employee knowledge in the context of
digitalization and digital transformation 14% 31% 55%

The organization conducts continuous training of employees in the field of
digitalization and digital transformation (for example, the development of

an internal academy with online training and training modules in
individual departments)

30% 36% 34%

There is an awareness in the organization of how digital transformation
can affect the business of the organization 10% 32% 59%

Employees actively share knowledge and information among
themselves within the organization as a result of digitization

and digital transformation
10% 28% 63%

The organization has introduced new leadership roles to improve
digitalization and digital transformation (for example,

business process manager)
41% 34% 24%

The organization is actively developing digital transformation strategies 16% 32% 52%
Employees in the organization have the opportunity to participate in the

development or adaptation of digital technologies 9% 31% 61%

The survey responses indicate a relatively positive perception among respondents
regarding the clarity of the organization’s vision in the context of digital transformation, the
motivation of people in leadership positions, and the skills needed to digitally transform
an organization. Furthermore, 72% of organizations claim they have sufficient financial
resources to introduce new digital technologies.

Results also indicate a mixed perception among respondents regarding the introduc-
tion of new leadership roles to improve digitalization and digital transformation within the
organization. In this respect, 41% disagreed, which may also indicate that organizations are
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in the early stages of their digital transformation journey or may not have fully embraced
the significance of digital transformation.

Table 4 shows the mean response, mode value, and standard deviation for each
response category, considering organizational factors.

Table 4. Statistical measures for each response category: organizational factors.

Mean Response Mode Value Standard Deviation

Disagree (Category 1) 15.69% 10% 10.14%
Neutral (Category 2) 26.38% 28% 7.67%
Agree (Category 3) 58.08% 24% 15.80%

These statistics suggest that, on average, the highest number of responses is seen
in category 3 (Agree), with a mean response of about 58.08%. The standard deviation
values indicate a moderate to high spread in the responses for all categories, suggesting
diverse opinions or states of implementation. The mode for Agree being at 24%, which
is lower than the average, suggests that there might be specific factors where the agree-
ment is significantly lower than others, highlighting areas that might need more focus or
development.

In summary, the general trends in research corroborate the survey findings, especially
in terms of the significance of leadership roles, strategic planning, resource allocation, and
skill development in driving digital transformation. However, this survey also uniquely
emphasizes aspects like new leadership roles specifically for digitalization and the partici-
patory role of employees in technology development.

3.2.3. Environmental Factors

Stakeholders in the maritime transport sector operate in an unstable environment due
to unpredictable market conditions, complex changes in regulatory frameworks, techno-
logical progress, etc. Hence, it is essential to also consider environmental factors when
it comes to digital transformation. Respondents were asked to provide their opinions on
various environmental factors of digital transformation in their respective organizations
(Table 5).

Table 5. Response categorization considering environmental factors of digital transformation.

Environmental Factors

Response Categorization

Disagree
(Category 1)

Neutral
(Category 2)

Agree
(Category 3)

The organization feels the pressure of competition on business due to
digitalization and digital transformation of competition (digital

transformation can significantly disrupt existing markets and recombine
existing products and services)

33% 31% 36%

The organization feels the pressure of business partners and other relevant
stakeholders on the business (due to the emergence of new technologies,

the expectations of business partners may increase)
26% 31% 44%

The business of the organization is tightly regulated or subject to special
legal regulations 6% 22% 71%

The organization cooperates with research institutions in the development
of new digital solutions (for example, startups, faculties, etc.) 31% 35% 34%

There is compliance of the organization with standards (for example, ISO
standards) and conventions 9% 18% 73%

The results indicate a moderately positive perception among respondents regarding
the organization’s awareness of the competitive pressures, the pressure of business partners
and other relevant stakeholders, and the cooperation with research institutions. The
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majority (71%) of respondents agree that their business is tightly regulated or subject to
special legal regulations. They perceive the organization as operating within a regulatory
environment that imposes specific legal requirements on its activities. A similar situation
applies to the compliance of the organization with standards.

Table 6 provides the descriptive statistics for the environmental factors related to
digital transformation.

Table 6. Statistical measures for each response category: environmental factors.

Mean Response Mode Value Standard Deviation

Disagree (Category 1) 21.0% 6% 12.63%
Neutral (Category 2) 27.4% 31% 7.09%
Agree (Category 3) 51.6% 34% 19.01%

These statistics suggest that, on average, the highest number of responses is seen in
category 3 (Agree), with a mean response of about 51.6%. The standard deviation values
indicate a moderate to high spread in the responses for all categories, suggesting diverse
opinions or states of implementation across different environmental factors. The mode
values, especially the low mode of 6% for Disagree and the higher mode of 34% for Agree
indicate specific areas where responses are more concentrated, highlighting particular
factors that may be more or less prevalent in the context of digital transformation.

3.2.4. Changes in Business Models and Digitalization

Changes in business models as a result of digital transformation and digitalization are
defined as follows: providing new services and generating additional revenue as a result of
digital transformation, new digital sales channels, new ways to charge for services, and
entering new markets due to digital transformation, as well as socially responsible business
with the help of digitalization and digital transformation. In addition to changes in the
business model, the research model also consists of “digitalization” factors. Digitalization
was defined in terms of internal and external business processes as well as cooperation
with new business partners. The respondents were asked to provide their opinions on
various aspects of changes in business models as a result of digital transformation and
digitalization in their organizations (Table 7).

According to the results, 71% of organizations have digitalized internal business
processes. This shows the organization’s commitment to leveraging digital technology to
enhance its internal operations, which can lead to increased efficiency and competitiveness.

The results suggest that there is a significant degree of uncertainty among respondents
regarding the organization’s ability to enter new markets through digital transformation.
The majority of participants either disagree or are neutral about this aspect. Further
exploration of the reasons behind these responses and an assessment of the organization’s
actual market expansion efforts may provide valuable insights for improving its digital
transformation strategies.

Table 8 shows the mean response, mode value, and standard deviation for each
response category, considering digitalization and changes in business models.

These statistics suggest that, on average, the highest number of responses is seen in
category 3 (Agree), with a mean response of about 48.11%. The standard deviation values
indicate a moderate spread in the responses for categories 1 and 2, and a higher spread
for category 3, suggesting more diverse opinions or states of implementation in these
areas. The mode values indicate specific areas where responses are more concentrated,
highlighting particular factors that may be more or less prevalent in the context of digital
transformation and changes in business models.
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Table 7. Response categorization considering factors related to digitalization and changes in the
business model.

Factors Related to Changes in Business Models and Digitalization
Response Categorization

Disagree
(Category 1)

Neutral
(Category 2)

Agree
(Category 3)

The organization conducts socially responsible business with the help of
digitalization and digital transformation

13% 26% 62%

The organization cooperates with new partners with the aim
of developing new digital solutions (this includes cooperation with project

partners through participation in projects related to digitalization
and/or digital transformation)

14% 19% 67%

The organization has digitalized internal business processes 7% 21% 71%
The organization has digitalized external business processes 12% 36% 52%

The organization generates additional revenue from new sources as a
result of the implementation of digital technologies

29% 43% 29%

The organization has entered new markets as a result of digitalization and
digital transformation

36% 40% 23%

The organization provides new services as a result of digitalization and
digital transformation

24% 34% 41%

The organization has introduced new sales channels as a result of
digitalization and digital transformation

35% 26% 39%

The organization has introduced new ways of charging for services as a
result of digitalization and digital transformation

33% 18% 49%

Table 8. Statistical measures for each response category: digitalization and changes in business
model.

Mean Response Mode Value Standard Deviation

Disagree (Category 1) 22.56% 7% 11.22%
Neutral (Category 2) 29.22% 26% 9.31%
Agree (Category 3) 48.11% 23% 16.65%

The survey findings, emphasizing aspects like social responsibility, new partnerships,
digitalization of processes, additional revenue streams, market expansion, new services,
and sales channels, are crucial for understanding how maritime organizations are adapting
to environmental changes. However, the lack of other specific studies on this aspect high-
lights an opportunity for further research to deepen the understanding of these influences
in the maritime transport sector.

4. Discussion

When comparing this research in relation to findings from other studies, it appears that
this literature review and survey findings generally align with those of other researchers.
Nonetheless, other studies tend to concentrate on particular technologies or specific aspects
of maritime transport, including line shipping, container shipping, or smart ports. Further-
more, this paper offers a comprehensive analysis of numerous factors influencing digital
transformation within maritime transport, whereas other studies have only investigated a
subset of these factors.

Regarding the mean responses, for Disagree, the average was highest in the business
model data set (22.56%) and lowest in the technological data set (11.36%). For Neutral,
the average was also highest in the business model data set (29.22%) and lowest in the
technological data set (18.73%). For Agree, the average was highest in the technological
data set (69.73%) and lowest in the business model data set (48.11%).

With regard to the Standard Deviation (Variability), for Disagree, the highest variability
was seen in the environmental data set (12.63%) and the lowest in the technological data set
(8.64%). For Neutral, the highest variability was seen in the business model data set (9.31%)
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and the lowest in the organizational data set (7.67%). For Agree, the highest variability
was seen in the environmental data set (19.01%) and the lowest in the technological data
set (14.88%).

Key Observations:

• Business Model Factors: This category shows the highest mean responses for the first
two response categories, indicating a strong engagement or agreement with the factors
related to changes in business models and digitalization;

• Technological Factors: This category has the highest mean response for the third
category and the lowest mean responses for the first two categories, suggesting a
strong consensus in certain technological aspects;

• Environmental Factors: This category has the highest variability across all responses,
indicating diverse opinions or states of implementation;

• Organizational Factors: This category generally falls in the middle range in terms of
both mean responses and variability.

These comparisons suggest that different aspects of digital transformation (technologi-
cal, organizational, environmental, business model) are perceived and experienced differ-
ently within organizations, with varying levels of agreement, engagement, and consensus.

Figure 1 shows the correlation matrix for the response categories across the four
different factors: technological, organizational, environmental, and business model. The
correlation matrix was obtained by employing statistical analysis on survey data from
Croatian organizations involved in the maritime transport sector. The analysis focused
on understanding the relationships between different aspects of digital transformation,
categorized into four main factors: technological, organizational, environmental, and
business model change factors. A correlation analysis was then performed to identify the
strength and direction of relationships between different response categories within and
across the four factors. Positive correlations indicated that as one factor increases, the other
tends to increase as well, while negative correlations suggested an inverse relationship. This
correlation analysis helps in understanding how respondents perceive the interconnections
between various aspects of digital transformation in the maritime transport sector. For
clarity, long terms are replaced with abbreviations as follows:

1. (Category 1) Disagree is replaced with R1;
2. (Category 2) Neutral is replaced with R2;
3. (Category 3) Agree is replaced with R3.

Key observations from this correlation analysis are the following:

• Positive Correlations: Some response categories show positive correlations, indicating
that as one increases, the other tends to increase as well. These correlations are
particularly visible within the same factor category (e.g., between different response
categories within the Technological factor);

• Negative Correlations: There are also instances of negative correlations, where an
increase in one response category corresponds to a decrease in another. This might
suggest a trade-off or inverse relationship in certain aspects of the responses;

• Varying Degrees of Correlation: The strength of these relationships varies. Strong
correlations are indicated by values closer to 1 (positive correlation) or −1 (negative
correlation), while weaker correlations are indicated by values closer to 0.

This analysis helps in understanding the relationships between different aspects of
digital transformation as perceived by the respondents. For instance, a strong positive
correlation within a factor indicates that respondents who agree or disagree with one aspect
of the factor also tend to agree or disagree with another aspect of the same factor.
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Some distributions showed a noticeable skew. For instance, several categories in the
technological and organizational factors showed a left skew (more responses at the higher
percentage end). Other categories, particularly in the Business Model factor, exhibited a
more even or right-skewed distribution. The spread of responses varied across categories.
Some categories showed a wide spread of responses (indicating diverse opinions), while
others were more concentrated. Certain response categories had clear peaks (modes) where
a large number of responses were concentrated. This was particularly visible in categories
with a strong skew. The shapes of the distributions varied from nearly uniform to highly
skewed. This variation indicates differences in how respondents perceive and respond to
different factors of digital transformation.

These distributions provide insights into the general tendencies and variations within
each category of responses. They help in understanding not just the average tendencies
(mean values) but also how responses are spread across different percentages, revealing
the diversity or uniformity of opinions among respondents regarding each aspect of digital
transformation.

If individual answers are analyzed, it is possible to conclude the following. The results
indicate a mixed perception among respondents regarding the hiring of new IT experts or
the introduction of new leadership roles to improve digitalization and digital transforma-
tion. There are many reasons for this, such as an early stage of the organization on the path
of digital transformation or insufficient understanding of these “new” leadership roles. In
this respect, organizations should communicate the importance of hiring new IT experts
more effectively, emphasizing the value they bring in driving innovation and overcoming
challenges associated with digital transformation.

Given the positive perception regarding information security measures, organizations
should continue prioritizing and enhancing these efforts to safeguard digital assets and
maintain stakeholder trust.

Encouraging continuous learning and awareness programs within the organization to
keep all stakeholders updated on the latest digital trends and the benefits of digital trans-
formation is necessary. This can contribute to a more informed and positive organizational
culture towards digital initiatives.

Croatia has been a member of the European Union (EU) since July 1, 2013. As part
of its membership, Croatia aligns its laws and regulations with those of the EU, including
those pertaining to the maritime sector and ports. This means that regulations affecting
maritime affairs, port management, safety, environmental standards, and related aspects
in Croatia are derived from or in accordance with EU directives and regulations. These
EU directives serve as a common framework for maritime policies across member states,
ensuring a harmonized approach to maritime safety, security, environmental protection,
and competitiveness in the European maritime sector. Therefore, conclusions derived from
framework research of the Croatian ports are directly transferrable to other ports in the EU.

5. Conclusions

This research provides a comprehensive assessment of the impact of digital transfor-
mation in the maritime transport sector, with a particular focus on Croatia. The study
identifies and validates various factors influencing digital transformation through a survey
methodology, categorizing them into technological, organizational, environmental, and
business model change factors.

In the realm of technological factors, the findings underscore a pronounced focus
on information security, along with the integration and interconnection of IT systems.
Additionally, most of the respondents agree regarding investing in emerging technologies
and an acknowledgment of the novel business opportunities these technologies introduce.

With respect to organizational factors, the survey data reveals a favorable outlook
toward the clarity of the organization’s digital transformation vision, the motivation and ex-
pertise of its leadership, adequate financial backing, and the investment in the enhancement
of employee knowledge and training.
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Concerning environmental factors, the study accentuates the influence of competitive
pressures, regulatory and legal frameworks, collaboration with research institutions, and
adherence to standards. These elements are vital for comprehending the wider milieu in
which maritime organizations navigate and digitally evolve.

The research also delineates how digitalization has precipitated alterations in business
operations, marked by the advent of new services, sales channels, and pricing models,
alongside market broadening and the adoption of socially responsible business practices.

In conclusion, the study not only sheds light on the state of digital transformation in
Croatia’s maritime transport sector but also provides valuable insights for similar maritime
economies. The identified factors and the methodology employed can guide stakeholders
in formulating effective digital transformation strategies, thereby enhancing the overall
efficiency and competitiveness of the sector. The research also highlights potential areas for
future investigation, particularly in the context of environmental factors and their impact
on business model changes.

In the context of the paper, while there are areas of alignment with existing research,
several unique aspects and non-alignments have emerged in the findings. Unlike broader
studies that often generalize findings across various regions, this research provides a tar-
geted analysis of the Croatian maritime transport sector. This focus brings out specific
challenges and opportunities that may not be as prominent in the global context. Fur-
thermore, this study reveals a more pronounced emphasis on the interconnectedness of
information systems and information security within organizations. This is in contrast to
many studies where the focus might be more on technology adoption rather than integra-
tion and security.

Findings on the impact of environmental factors, particularly regarding cooperation
with research institutions and compliance with standards, present a different perspective.
This suggests a more proactive approach in the Croatian maritime sector towards collab-
orative innovation and standardization, which may not be as evident in other countries
or regions.

This research highlights specific changes in business models, such as new ways of
charging for services and market expansion, which are not as prominently reported in
other studies. This indicates a possibly more dynamic response to digital transformation in
the Croatian context. In summary, while this research aligns with global trends in certain
aspects, it distinctly differs in its regional focus, with emphasis on specific technological
and organizational factors, unique insights into environmental impacts, and approaches
to business model changes. These differences provide valuable contributions to the un-
derstanding of digital transformation in the maritime transport sector, particularly in the
Croatian context, and underscore the need for region-specific research in this field.

Regarding the research limitations, the conclusions were derived from a sample
of 94 Croatian organizations, however, it may also lead to the potential variability in
results across different regions or sizes of organizations. The results may be different
in other countries that invest more in digital technologies and digital transformation.
Furthermore, both the administrative and commercial stakeholders were involved in this
research. However, only one group might be the subject of the alternative research, given
that there were visible differences when it came to investing in digital transformation.
In addition, organizations of all sizes (small, medium, and large) were included in the
research, although in the future it may be possible to focus on a specific group.

Based on this research, future research might focus on the specific ways digital trans-
formation manifests in different maritime settings, paying particular attention to the in-
terplay between technological, organizational, and environmental factors. A critical area
for exploration is the nuanced impact that environmental factors, especially regulations
and stakeholder expectations, have on the maritime sector’s digitalization strategies and
business model evolution. Additionally, there is a great opportunity to investigate the
dynamics of organizational adaptation to digital change, particularly how leadership and
company culture influence the adoption and integration of new technologies. This could
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involve a closer examination of the roles of training programs and employee engagement
in developing a digitally skilled workforce. Given the unique insights gained from the
Croatian maritime sector, comparative studies with other maritime regions could also
provide valuable perspectives, highlighting regional differences and similarities in digital
transformation approaches, e.g., the specific regulatory challenges faced by Croatian ports
compared to those in other European countries. Such research would not only expand the
current understanding of the digital transition in maritime transport but also influence
future strategies and policies for a more efficient and innovative sector.
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