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Abstract: The aim of the paper is to present the results of research into the assessment of social factors
resulting from the digitalization of railway companies’ business models and building, by means
of the AHP method, a ranking of the significance of these criteria in the process of their digital
transformation. The results focused on identifying the components of the business models of railway
companies that are most affected by social factors and the creation of such factors. Railway companies
do not operate within the business environment alone. In the context of processes, they form one
common technical and service ecosystem. Digitalization should increase opportunities to create
positive social effects which influence the quality of services provided and the safety of rail traffic as
well as the increased efficiency of business models.
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1. Introduction

The aim of the paper is to present the results of research into the assessment of social factors
resulting from the digitalization of railway companies’ business models and building, by means of the
AHP method, a ranking of the significance of these criteria in the process of their digital transformation.
The results focused on identifying the components of the business models of railway companies that
are most affected by social factors and create such factors. Railway companies do not operate within
the business environment alone. In the context of processes, they form one common technical and
service ecosystem. Digitalization should increase opportunities for creating positive social effects
which influence the quality of services provided and the safety of rail traffic as well as the increased
efficiency of business models. Digitalization has been recognized as one of the main trends which are
changing society and business. Digitalization brings about changes for companies due to the adoption
of digital technologies in an organization or in an operational environment [1]. The dynamics of global
market development are based on the development of the digital economy. Traditional value chains
are subject to digitalization. Business models based on classical solutions (traditional construct of the
value chain) are also subject to digitalization, in part or in whole, and thus achieve new opportunities
to increase their efficiency and effectiveness. The Internet economy is essentially characterized by its
considerable dynamics and the speed of change. The rapid digitalization of numerous areas of life
has resulted in a shift towards today’s Information Society [2]. An innovative business model may
be subject to changes in the individual components of business models, the extension of the existing
business model, or the introduction of parallel business models bringing about the disorganization of
the business model, which may potentially involve replacing the existing model with a completely
different one [3]. Therefore, the concept of the business model refers to a more transformational
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approach, which uses the concept as a tool to make changes and innovations in the organization or
change the model itself [4]. A positive effect of the dynamic development of the digital economy
is the creation of social effects. Building a community focused on achieving common goals based
on innovative technological solutions allows for the development of modern and conscious human
behaviour and positive patterns. Traditional sectors of the economy also follow new trends and
opportunities resulting from the development of the digital economy. The wider use of digital social
innovations in transformation processes is used to fully exploit the potential of business models,
designed not only in economic terms but also for the benefit of society [5]. The social nature of business
activity is also apparent in the rail transport sector. This is influenced, in particular, by criteria related
to railway traffic safety and the complex value-added chain based on cooperation between many
entities. In Poland, as throughout Europe, the rail market is highly liberalized. The rules governing the
operation of the railway market are based on directives regarding unrestricted access to the rail market,
interoperability and safety. This legal arrangement ensures the transport of goods and services by rail
across Europe while maintaining a standardized level of quality, safety and technical compatibility.
There are several infrastructure managers in Poland and about 100 railway undertakings. In addition,
in terms of market characteristics, it is possible to identify about 100 entities in charge of maintenance,
as well as inspection bodies, notified bodies, and the market regulator and the National Safety Authority,
which is important for the maintenance of railway vehicles. This arrangement of relationships builds
an important ecosystem of the rail business where exogenous factors are the key to its effectiveness.
The organizational and legal system means that railway companies’ business models are strongly
limited by legal regulations. The configuration of the value chain and the proposal to supply value to
the customer depend on the solution adopted by entrepreneurs that meets stringent legal requirements
in terms of interoperability, regulated accounting and security. At the same time, it should be noted
that the railway undertaking market is very competitive while most of the transport processes are
carried out on the railway network of the national infrastructure manager. The digitalization of
railway companies in such a system is, on the one hand, building the potential to compete, and on the
other hand, facilitating the development of social factors that can be achieved through digitalization.
As already mentioned, rail transport operators, i.e., infrastructure managers and railway undertakings,
are obliged to provide high quality services and the highest level of railway traffic safety. The digital
economy creates new opportunities for achieving social effects, building communities, and improving
the efficiency of railway companies. The aim of the paper is to present the results of research into the
assessment of social factors resulting from the digitalization of railway companies’ business models
and building, by means of the AHP method, a ranking of the significance of these criteria in the
process of their digital transformation. The research results focused, in particular, on identifying such
components of the business models of railway companies that are most affected by social factors
and create such factors. Railway companies do not operate within the business environment alone.
In the context of processes, they form one common technical and service ecosystem. Digitalization
should increase opportunities for creating positive social effects which influence the quality of services
provided and the safety of rail traffic as well as the increased efficiency of business models. The social
aspect in digital business models has two dimensions. The first one is built into the idea of building a
community created by using, in whole or in part, the scope of activity of multifaceted technological
platforms that are distinctive compared to other business models, while the other refers to the social
impact of the value delivered by the business model. Both shape a pro-social approach, which is
expressed in delivering social value to business model stakeholders. Both of these approaches are
complementary and create the image of socially acceptable business models, where this social aspect is
a condition for adapting such business models to the expectations of the contemporary global market.
The issue of rail transport is strategic in terms of the place and role of this sector in the economy as well
as the effectiveness of railway companies. The digitalization of the economy significantly determines
changes in the configuration of business models, which also affects changes in the social ecosystem
shaped by these enterprises. Research does not refer to political solutions from the sphere of regional
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development in the context of rail transport. It is focused on the study of the economic and social
determinants of the digital transformation of the rail business. The research described in this paper is
devoted to this issue. This paper is structured as follows: Section 2 presents the theoretical background
of Digital Transformation—key approaches and definitions. Section 3 presents the main idea of digital
business models and the genesis and direction of the evolution of business model concept. Section 4
presents the problems of digitalization through Service Management and Industry 4.0 concepts in the
context of the specificity of the rail transport sector. Section 5 analyzed the theoretical aspects of social
factors of the digital transformation of business models. In Section 6, research methodology based on
the AHP method was presented. Section 7 described the results of research into the social results of
digital transformation on the business models of railway companies. The subsequent sections present
a discussion and conclusion—in addition, Section 9 presents limitations and includes suggestions for
future research. At the end the references used were indicated.

2. Digital Transformation—Key Approaches and Definitions

Digitalization is now a dynamic process covering all sectors of the economy. Traditional solutions
in the sphere of the value chain are subject to the process of digital transformation [6].

Contemporary business models are the subject of digital transformation. W. Smith, A. Binns,
and M. Tushman define the business model as a “configuration” by which the company chooses the
options of strategies that can create value, and then uses the organizational architecture to create
and retain value [7]. The business model is “the architecture for products, service and information
flow, with a description of the various business actors and their roles; a description of the potential
benefits for various business actors and a description of the sources of revenue” [8]. The individual
components of business models in the company’s life cycle change so that enterprises are able to
survive and develop in many situations. Digitalization is a factor which stimulates changes in business
models. Digitalization forms a part of Industry 4.0 and constitutes both a threat and opportunity to
transform business as we know it; and can make entire business models redundant [9]. The definitions
of digital transformation include different approaches to this issue. Digital Transformation is defined
as the use of technology to radically improve the performance or reach of enterprises [10]. Digital
Transformation is the changes that digital technology causes or influences in all aspects of human
life [11]. In turn, the level of digital maturity of companies is assessed in terms of numerous criteria
such as strategy, leadership, products, operations, culture, people, governance, and technology [12,13].
The different definitions for Digital Transformation (DT) may be categorized in three distinct elements:
(1) Technological—DT is based on the use of new digital technologies such as social media, mobile,
analytics or embedded devices; (2) Organizational—DT requires a change of organizational processes
or the creation of new business models; (3) Social—DT is a phenomenon that influences all aspects of
human life by, e.g., enhancing customers’ experience [14]. Digitalization has an influence on many
areas of activities of an organization such as new and emerging customer segments, cultural diversity
in a global marketplace, market volatility, heightened customer expectations in terms of the quality of
products and services, and the impact of the internet on an organization’s core business [15]. Digital
transformation is the subject of research in many contexts: in the field of entrepreneurship [16], in the
field of Digital Learning [17], in terms of the dynamic capabilities concept [18] as well as in the context
of the sectoral approach [19,20], and also in the context of small and medium-sized enterprises [21].
Digital transformation processes are also studied in terms of changes in the labor market [22,23].
Digitalization plays a key role in the context of changes in business models, the configuration of which
is shaped using innovative technologies. The problems resolved are related, among others, to the
structured approach to the digital transformation of business models, the activities and results of
digitalization of business models, and the role of enablers and best practice in the digitalization of
business models [24]. Optimization solutions in the field of the effectiveness of digital business models
are proposed, taking into account areas such as content, experience and platform [25]. In the context
of business models, as research results reveal, the digital transformation involves the transformation
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of subsequent areas of business model configuration. The process of the digital transformation of
the business model includes the preparation phases, value proposition, value creation, and value
capture [26].

A broad approach to this issue results from the common digitalization of many aspects, not only
of company activity, but in particular of modern life.

3. Digital Business Models—Key Aspects

The concept of digital business models is developing dynamically in the context of conditions
for the development of new technologies. The very concept of traditional business models is widely
recognized in the relevant literature. In general, the concept of business models is based on the
development of three key research trends: the development of generic concepts and the search for
optimal definitions, shaping effective business model structures, and the management of the business
model [27].

The development of the concept of business models can be divided into several stages.
The definition of a business model emerged in the 1950s. From 1975 to 2000 a technological approach
was observed, leading to the initial phase of the development of online models. From 2000 to 2010
a strategic approach developed. Finally, from 2010 until today, solutions based on an integrated
approach have been developed [28]. In the context of technology development resulting from the
digital economy, the business model is a coherent link between products, services, information flow
and the description of various roles of business actors [8]. The use of technology allows the business
model to transform resources into economic results through the activation of customers and the use
of markets [29]. This approach, based on the evolution of the approach to shaping business models,
migrates the processes of business model design towards fully exploiting the potential of the digital
economy. The digital economy creates many opportunities through the creation of many innovative
approaches to transform traditional business models into partially or completely digital models.
There is a distinction between innovative digital and non-digital undertakings. Combining practical
management tools with the principles of network theory as well as the theory of organizational learning
creates new possibilities for creating business models [30]. The specialist skills that change the existing
balance of power in global markets are important for the development of digital business models [31],
whereas digital ecosystems should provide companies based on innovative business models with
attractive value sources that create new ways to grow [32]. Consequently, digitalization should affect
the economic success of enterprises based on the potential of the digital economy [33]. This new
approach to the dynamic search for attractive business models is in line with new trends based on the
assumptions of consistent and interdependent development of management aspects and innovative
technological solutions that support them.

4. Digitalization by Service Management and Industry 4.0 Concepts and the Specificity of the Rail
Transport Sector

Industry 4.0 as a concept is a great challenge for many sectors of the world’s economies. Despite
many publications on the subject, there is no single model of its implementation in theory and practice.
However, in the relevant literature there are descriptions of the positive effects of implementing the
digital transformation of business models. In the context of the Industry 4.0 concept, the authors of the
research indicate four areas of digitalization: changes in value creation and value offered, organizational
aspects, and technical aspects [34]. In particular, it is based on intelligent solutions which combine
aspects such as vertical integration, virtualization, automation, traceability, flexibility, and energy
management [35]. The role of an employee as the operator of complex technical systems changes in the
sense that the proportion of working time spent on decision-making processes declines [36]. Industry
4.0 and Internet-operated technologies are very useful for the creation of added value for organizations
and society [37]. This is in line with the specificity of the rail transport sector, which belongs to the
services sector as part of the transport of goods and people and infrastructure management. In this
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model of action, smart networks connect machines, processes, systems, products, customers and
suppliers. The digitalization of the business models of railway companies is of key importance in
this approach to improve the efficiency of their operation. In this context, an important role is played
primarily by the service approach to the challenges in question, which is the Service Management 4.0
concept. Value can be offered as a physical product, a real or virtual service, or as a combination of
products and services [38]. The business objective of Service Management 4.0 is dedicated to outlining
a system of the future that drives the service organization and its information closer to the customer
as a means of developing a deeper customer relationship [39]. The implementation of dynamic
quality models and tailor-designed software solutions for transport companies was clearly beneficial
on the basis of the findings. The benefits of implementation are a shortened response time during
extraordinary circumstances; the transparency of transactions and responsibilities; the company’s
approach to customers in terms of taking into account their wishes and maintaining or increasing
the number of passengers as a result; creating a positive image of the company; but ultimately also
reducing the costs incurred in removing weaknesses and errors [40]. The required data capture
and intelligence is an integrated part of the offering, which reflects a technology-driven business
development strategy [38]. The use of Industry 4.0 and Service Management 4.0 concepts may include
the following areas specific to the rail transport sector:

• Modern and innovative methods for ensuring the efficiency of companies by collecting and
processing information in real time.

• Creating a Smart Factory in the rail transport industry.
• Machine support for modern companies.
• Using the Internet of Things (IoT) and Cyber-Physical Systems (CPS).
• The Connected Enterprise—a new cooperation model and a new value creation chain, expanded

to include business partners and customers.
• Application of Lean Management.
• Supporting the automatization of technologies through innovative methods of optimization,

configuration, self-control and intelligent employee support.

Therefore, the digitalization of the business models of railway companies is part of the conceptual
assumptions which constitute a significant challenge for building theoretical and practical solutions
due to the specific conditions for the functioning of this sector within the liberal rail transport market in
Europe. The specificity of the rail transport sector is based on different models. The classic solution in
the sphere of rail transport processes is the legal separation of the activity of railway undertakings from
the activity of infrastructure managers. Both of these entities operate within one complex technical and
organizational railway system, but based on two different business models. Digitalization plays a key
role as part of their process integration. It provides a platform for improving customer service processes
and the use of full automatization of processes, which improves transport safety and passenger
satisfaction. Achieving social effects through the use of digitalization in the rail transport sector
is becoming a priority challenge obtained through the implementation of innovative and complex
technical and organizational solutions that are a key strategic goal for the dynamically developing rail
transport sector. The dynamics of changes in the railway sector in the legal dimension determines the
development of new organizational, operational and technical solutions, which must be systemic and
multidimensional [41]. The key milestone of this assessment is to verify the accuracy of the description
of the rail system undergoing change with regard to its scope, functions and associated interfaces [42].
Hence, the basic criterion for assessing the efficiency of railway companies is accessibility and safety.
Both of these factors depend on the digitalization of the business model and the digital integration of
operational processes. They are supported by formalized systems of safety management, which are
used to integrate many processes, including the processes of mutual communication between railway
system operators between which interfaces occur while creating technical and social relations [43].
In this way, the social factors of the digitalization of railway companies are created.
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5. Social Factors of the Digital Transformation of Business Models

In terms of shaping business models, digitalization is also social in nature. Through innovative
technological solutions, it is possible to develop social attitudes and behaviours and achieve social
effects. The development of innovative ways of doing business that are oriented towards balancing the
goal of making profit and achieving the assumptions of sustainable development is a key challenge for
corporate managers and business strategists in the twenty-first century [44]. Research in this area is
not extensive. This topic is just beginning to be the subject of scientific analysis.

A classical approach to sustainable development based on the new triple bottom line concept [45]
can also be used to create sustainable solutions in the context of digital economics. It should be
considered in the context of the life cycle of business models [46]. The Industrial Internet of Things
(IIoT) is also influential in terms of economic, ecological, and social aspects referring to the Triple
Bottom Line (TBL) of sustainable value creation. In recent years, digitalization and related social
aspects have been the subject of research. A number of key articles have been published in this research
area. Sustainable Industrial Value Creation in the context of Industry 4.0 was the subject of research
by a team of scientists from Germany, as well as the influence of the Industrial Internet of Things
(IIoT), and also in terms of economic, ecological, and social aspects referring to the Triple Bottom
Line (TBL) of sustainable value creation. In [47] the authors included a triple bottom line concept in
the logic of IIoT. From a broad perspective, the impact limit of IIoT is based on three pillars, namely
Technical Integration, Data & Information, and the Public Context. The social aspect includes Resource
Efficiency and mainly refers to human resources, while the economic factor includes issues such as
competitiveness, finance, overall equipment effectiveness (OEE), novel business models, time and
individualization. A research challenge in terms of Industry 4.0 is to identify the place and role of
the concept of sustainability. The opportunities include elements such as strategy, operations and
environment and people, while challenges include competitiveness and future viability, organizational
and production fit and employee qualification and acceptance [48]. The aspect of sustainability in
terms of the concept of the Internet of Things can be considered in the micro context in terms of
the shape of the ecosystem of contemporary global economies and in the micro context in terms of
changes in the construction of value chains [49]. Research into the social innovation perspective for the
application of the fourth industrial revolution (Industry 4.0) has already been undertaken. Readiness
for such revolutionary conversion requires coupling the forces of technological innovation and social
innovation under the sustainability umbrella [50]. The target for the economic sustainability of digital
information services is to ensure cheaper, easier and better access to information. The target for the
social sustainability of digital information services is to ensure equitable access in order to build a better
(well informed) and healthy society, whereas the target for the environmental sustainability of digital
information services is to ensure reductions in the environmental impact of digital information [51].
In terms of digital business models, the sustainability aspects have an impact on the migration of
value, as confirmed by research [52]. They are important in the context of fledgling enterprises [53].
The development of a new approach to stakeholder theory in the context of the digital age is also
required. In this respect, the new approach to this theory includes stakeholder theory, sustainability as
a transformative concept and Big Data and digitalization [54]. It also refers to hybrid organizations [55].
The acceleration of interest and the search for a scientific gap in the issue of creating social drivers
through digital business models results from the dynamic development of the Circular Economy
concept, the conceptualization and operationalization of which is more efficient thanks to the use
of modern technologies. In this respect, the factor that dynamizes processes is the circulation of
values [25]. In addition, in the context of the development of the digital economy, as highlighted by
researchers, attention should be paid to the fact that social media is one of the major drivers in the
change of public perceptions, as it has facilitated the spread of information and misinformation about
sustainability issues [16]. Previous research also covers the principles underlying social trade [56].
The issues of creating social aspects in digital business models cover many research areas. The main
assumptions are based on two issues. The first includes the aspect based on the traditional triple
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bottom line concept and the increased potential of this idea through innovative digital solutions,
as in the case of Circular Economy assumptions, while the second one results from the specificity of
technological solutions particular to the digital economy—building community and focused on socially
acceptable ideas in its activities, trying to achieve positive social effects. Both of these approaches
are built into the modern solutions of digital business models. The space for researching the digital
transformation of business models may include many organizational and technological aspects that
shape the effective configurations of business models. In this respect, social factors are the basic driver
of business model value.

6. Research Methodology

The research procedure involved collecting the relevant literature on the digital transformation of
business models, social aspects of the digital economy and the railway transport sector, and analyzing
the evolution of the concept of a digital business model and its key trends. The authors defined the
key attributes of digital business models and their development trends, taking strategic reflection into
account. Factors that affect the digital transformation of the business models of railway companies
were identified. The AHP method was applied to build a ranking of social criteria related to the digital
transformation process of the business models of railway companies.

The AHP method was chosen as a research method because it is a general hierarchical approach
to making multi-criteria decisions. It involves deconstructing the problem into simpler components
and processing the ratings obtained on the basis of pairwise comparisons. The AHP method has
numerous applications in terms of supporting economic, technical or social decisions. This allows
for the arrangement of the elements of the decision-making problem, described in the form of the
hierarchy of factors. This way, the best factor was selected. In this article, the following steps were
taken using the AHP method to obtain a hierarchy of individual factors analyzed:

- The deconstruction and presentation of the problem in hierarchical form—defining the general
objective to be achieved as regards the problem under consideration, attributes detailing the
general objective and decision options considered,

- the specification of decision options and the final graphical representation of the hierarchy,
- the creation of a pairwise comparison matrix to compare all the elements of the lower level with

the successive elements of the higher level,
- the calculation of local priorities—calculation of the largest eigenvalue and the eigenvector

corresponding to this eigenvalue,
- the calculation of global priorities.

The results obtained by means of the AHP method give an image of how experts from the
railway industry perceive the issues raised by the authors of the article related to the subject of
the article. As a result, a ranking of individual criteria and sub-criteria was received, taking into
account experience, strategies in the railway industry, and—most importantly—the value systems that
individual enterprises follow. This means that making a decision involves identifying and defining the
problem and objective, options and criteria. Subsequently, the decision-making problem is analyzed by
evaluating the options/solutions and then the option/solution is chosen. Thus, the questionnaire was
composed and sent to the companies surveyed. For the purpose of considering all possible sources
of errors which the study could have been exposed to, a pilot study was conducted, which was a
miniature of the main study. It aimed to provide data that was omitted by the researchers while
planning the study. As a consequence, it could also have an impact on the final results. The pilot study,
as part of testing research questionnaires, was conducted on a much smaller sample, i.e., 3%. After
collecting the responses from the surveys, conclusions were inferred based on the research results.

As part of the research process, railway undertakings and infrastructure managers were taken
into account. In Poland, 16 managers provide infrastructure to railway undertakings and 110 railway
undertakings operate. The responses obtained through surveys were examined using the AHP
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method. Nineteen responses were received from the companies surveyed. This accounts for 15% of
the companies to which questionnaires were sent—the entire population of all railway companies
operating on the Polish market. All of the completed surveys were filled in correctly.

The aim of the analysis was to examine the problem of the digital transformation of railway
companies in the context of building a ranking of factors which create social effects. The respondents
were asked to give answers to key issues arising from the review of the relevant literature on company
digitalization, including the following social factors:

- The digital transformation of the business models of railway companies.
- Opportunities for the development of social factors through digital transformation.
- The mutual process integration of railway companies through digital transformation.
- The servitization of railway companies.
- The socialization of the business models of railway companies.

The responses to the survey allowed for the presentation of the results in this article. Experts were
consulted for their opinions on their activity, meaning the railway industry. This was the basis for the
assessment of the criteria and provided the opportunity to build an initial matrix of preferences.

7. The Results of Research into Social Factors for the Digital Transformation of Business Models
of Railway Companies

In the context of studying the issue of the digital transformation of railway companies, a ranking
of factors which create social effects was developed. To this end, the AHP (Analytic Hierarchy Process)
method proposed by Thomas L. Saaty [57] was used. This method is used in solving decision-making
problems that contain more than one criterion. The algorithm of the AHP method consists of four
phases: creating a hierarchical structure of the decision-making process, defining the decision-maker’s
preferences and calculating significance ratings for all elements of the hierarchy, examining the
consistency of the preference matrix, and creating the final ranking. The following scheme of the
hierarchical model was used in the study (Figure 1):

Decision options, which are at the lowest level of the hierarchy of the model, were subject to
comparative analysis by means of the AHP method. These options are railway undertakings and
railway infrastructure managers. The five areas adopted in which survey questions (in the form of
statements) were defined are as follows:

1. The digital transformation of the business models of the railway companies.

# Statement 1.1. The business model of our company is strongly supported by digital
economy solutions.

# Statement 1.2. Our operational processes are essentially based on the use of
digital communication.

# Statement 1.3. The strategy of our company assumes the digitalization of the key areas of
our activity in the next three years

# Statement 1.4. Guaranteeing cybersecurity is a priority in our company’s activity.
# Statement 1.5. The digital solutions used in our company improve railway traffic safety.

2. Opportunities for the development of social factors through digital transformation:

# Statement 2.1. The implementation of digital solutions increases the chances of improving
relationships with our stakeholders.

# Statement 2.2. The digital solutions used in our company improve the quality of
human-human, human-machine and machine-machine interfaces.

# Statement 2.3. The digital solutions in our company generate positive relationships with
suppliers/partners.
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# Statement 2.4. We build social capital with rail market actors through digital solutions.
# Statement 2.5. The digital solutions used in our company foster the implementation of

social effects—ecology, ethics, and economics.

3. The mutual process integration of railway companies through digital transformation:

# Statement 3.1. The digital solutions in our company improve process efficiency.
# Statement 3.2. The digitalization of our technological processes helps us improve

integration with other railway traffic participants.
# Statement 3.3. The digital solutions in our company help improve the ability to cooperate

within the organizational and technical solutions of the railway ecosystem.
# Statement 3.4. We build cooperation platforms with other railway companies using

digital technologies.
# Statement 3.5. The digital solutions used are fully compatible with the solutions of other

enterprises within the railway ecosystem.

4. The servitization of railway companies:

# Statement 4.1. We apply solutions based on the transition from a product/service- oriented
model to a service-oriented business model and its logic.

# Statement 4.2. We notice the potential of the effective management of the business model
of our company.

# Statement 4.3. We constantly monitor and adjust our business model in every case, in a
bottom-up, emergent and iterative way.

# Statement 4.4. We try to design a business model to co-create value with customers.
# Statement 4.5. We pay attention to the creation of a value network with all rail market actors.

5. The socialization of the business models of railway companies:

# Statement 5.1. In our business model, the aspect of positive social impact plays an
important role.

# Statement 5.2. Employees in our company are treated with respect and are an important
voice in the decision-making process.

# Statement 5.3. We pay attention to positive relationships with communities gathered
around the railway ecosystem.

# Statement 5.4. Our business model is based on an effective dialogue with stakeholders.
# Statement 5.5. Building trust with business partners is an important component of our

business model.

The individual criteria (areas) were compared and the degree of their fulfillment was examined.
Survey questions form sub-criteria in this study. The above criteria and sub-criteria were prepared
in order to check to what extent social factors influence the process of the digitalization of business
models of railway undertakings. They were constructed by the authors based on their knowledge
of the railway market and railway company management. The above five criteria were compared in
pairs using the following scale (Table 1):
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Table 1. Saaty scale used to compare the pairs of criteria.

Significance Scale Explanation

1 No criterion has an advantage over the other in achieving the goal.

3 Criterion A has a moderate advantage over option B.

5 Criterion A has a strong advantage over option B.

Source: Own study based on [59].
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Figure 1. Scheme of the hierarchical model adopted for the study. Source: Own study based on [58].

7.1. Calculation of Global Weights for Adopted Criteria

Using the Saaty scale, a matrix was obtained that shows the advantage of a given criterion over
another, in order to finally have them ranked by means of global weights.

In addition to the pairwise comparison of criteria, sub-criteria were also compared. This resulted
in obtaining the weight values for all sub-criteria in order to assess the degree of the digitalization of
railway companies.

After comparing the pairs of criteria, the matrix n x n was made, where n is the number of criteria.
In this case n = 5, because five criteria were adopted. In the AHP method, there are inverse ratings,
which means that the matrix is consistent in pairs, i.e.,

wij·
1

wji
= 1

The data which was necessary to obtain a matrix of comparisons, i.e., the assessments of the
significance of criteria and the superiority of one over the other, was obtained thanks to the participation
of experts in the railway industry. Their necessary participation results from obtaining opinions on
a different perception of reality and the processes occurring therein. Their approaches are built on
experience, different priorities, value systems and other factors. Using the comparison scale, the AHP
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method directs the person expressing opinions to two types of questions. They refer to the strength of
the advantage of the elements compared over a given criterion by selecting:

- Which of the two criteria has a greater advantage over the other,
- which of the two sub-criteria has a greater impact on the third main criterion.

As a result, the matrix showing the pairwise comparison of criteria is as follows (Table 2):

Table 2. Matrix showing pairwise comparisons for particular groups of criteria.

Criteria

1. Digital
Transformation
of the Business

Models of
Railway

Companies

2. Opportunities
for the

Development of
Social Factors

through Digital
Transformation

3. Mutual Process
Integration of

Railway
Companies

through Digital
Transformation

4.
Servitization
of Railway
Companies

5. Socialization of
the Business

Models of
Railway

Companies

1. Digital
transformation of the

business models of
railway companies

1.00 1.00 1.00 0.33 0.20

2. Opportunities for
the development of

social factors through
digital transformation

1.00 1.00 1.00 3.00 0.33

3. Mutual process
integration of railway

companies through
digital transformation

1.00 1.00 1.00 1.00 0.20

4. Servitization of
railway companies 3.00 0.33 1.00 1.00 1.00

5. Socialization of the
business models of
railway companies

5.00 3.00 5.00 1.00 1.00

Total 11.00 6.33 9.00 6.33 2.73

Source: Own study.

Subsequently the matrix of normalized W ratings was obtained by dividing the individual ratings
in the criteria columns by the sum of the ratings of a given column and saving the results in a given
matrix cell:

W =


0.09 0.16 0.11 0.05 0.07
0.09 0.16 0.11 0.47 0.12
0.09 0.16 0.11 0.16 0.07
0.27 0.05 0.11 0.16 0.37
0.45 0.47 0.56 0.16 0.37


The following criteria description is used in the tables so that the notation in the table is clear:

- Criterion 1—The digital transformation of the business models of railway companies,
- Criterion 2—Opportunities for the development of social factors through digital transformation,
- Criterion 3—The mutual process integration of railway companies through digital transformation,
- Criterion 4—The servitization of railway companies,
- Criterion 5—The socialization of the business models of railway companies.

To obtain weights for each criterion, values from individual rows/lines were added up and then
divided by the number of the criteria (i.e., number 5). Table 3 presents normalized matrix calculated
for criteria and global weights obtained.
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Table 3. Normalized matrix calculated for criteria and global weights obtained.

Criteria Criterion1 Criterion2 Criterion3 Criterion4 Criterion5 Global Weight

Criterion1 0.0909 0.1579 0.1111 0.0526 0.0732 0.0971
Criterion2 0.0909 0.1579 0.1111 0.4737 0.1220 0.1911
Criterion3 0.0909 0.1579 0.1111 0.1579 0.0732 0.1182
Criterion4 0.2727 0.0526 0.1111 0.1579 0.3659 0.1920
Criterion5 0.4545 0.4737 0.5556 0.1579 0.3659 0.4015∑

weight = 1

Source: Own study.

The above weights are ranked from highest to lowest. As a result, the following ranking of criteria
was obtained (Table 4):

Table 4. Ranking of adopted criteria together with global weights.

Ranking Criterion Criterion name Global Weight

1 Criterion5 The socialization of the business models of railway
companies. 0.4015

2 Criterion4 The servitization of railway companies 0.1920

3 Criterion2 Opportunities for the development of social factors
through digital transformation 0.1911

4 Criterion3 The mutual process integration of railway companies
through digital transformation 0.1182

5 Criterion1 The digital transformation of the business models of
railway companies 0.0971

Source: Own study.

The above ranking shows that “the socialization of the business models of railway companies” is
most important, achieving a global weight of 40.15%, followed by “the servitization of railway
companies” with a global weight of 19.20% and the equally significant“ opportunities for the
development of social factors through digital transformation”—at 19.11%, “the mutual process
integration of railway companies through digital transformation”, and “the digital transformation of
the railway companies”, which gained 9.71% significance.

Subsequently, the correctness of the results was checked by calculating the inconsistency index
λmax (i.e., the average of the matrix’s own value). The value of λmax is a measure of the consistency
of comparisons reflecting the proportionality of preferences. Pairwise comparisons are all the more
consistent the closer λmax is to n (the number of elements in the matrix = the number of rows = the
number of columns). In the case of total consistency, λmax = n (Table 5).

Table 5. Inconsistency index λmax for criteria.

Criteria Total rating of Individual
Criteria (Columns) Obtained Weights Values in Relation to

the Inconsistency Index

Criterion1 11.00 0.10 1.07
Criterion2 6.33 0.19 1.21
Criterion3 9.00 0.12 1.06
Criterion4 6.33 0.19 1.22
Criterion5 2.73 0.40 1.10

5.66

Study: Own study
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The value of λmax is equal to 5.66, which means that it is close to 5, i.e., the number of criteria
studied (Table 5).

The next step was to calculate the Consistency Index (CI) of the comparison matrix, which talks
about the deviation from consistency. It was calculated using the following formula:

CI =
λmax − n

n− 1

However, the interpretation of CI is difficult. Thus, the CR (Consistency Ratio) was determined.
The CR determines the degree of inconsistency of the comparison of the significance of the descriptions,
which can be expressed as a number or percentage. It is determined by the following formula:

CR =
CI
RI
× 100%

To calculate the Consistency Ratio, you need the RI value—a Random Consistency Index which is
unchanged, and which was presented in the book “Fundamentals of decision making and the priority
theory with the Analytic Hierarchy Process” by T.L. Saaty. The value of the RI for the 5 × 5 matrix
is RI = 1.12. The random consistency index was calculated from a randomly generated matrix with
the dimensions n × n and the values of R.I. were generated from several thousand such matrices and
presented by T.L. Saaty in his publication.

For such a matrix dimension, the CR value should not exceed 10% (CR ≤ 0.10), because then the
CR is accepted and the comparisons are consistent. In this case, the CR value is 15%, which means that
it slightly exceeds the recommended threshold. There is a risk that the comparisons are inconsistent.
If the comparisons were fully consistent, the values of coefficients would be: λmax = n, CI = 0 and
CR = 0.

7.2. Calculation of Local Weights for Sub-Criteria

In accordance with the previously presented steps to obtain weights for individual criteria, the
same was done for sub-criteria to obtain local weights. Thus, five separate calculation sheets were
developed. The matrices with the results obtained by testing pairs of sub-criteria are presented below
(Tables 6–10).
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Table 6. Pairwise comparison matrix for Criterion 1—digital transformation of business models of railway companies.

Digital Transformation
of the Business Models
of Railway Companies

Statement 1.1. The
Business Model of our
Company is strongly
Supported by Digital
Economy Solutions

Statement 1.2. Our
Operational Processes

are essentially based on
the Use of Digital
Communication

Statement 1.3. The
Strategy of our Company

Assumes the
Digitalization of the Key
Areas of our Activity in

the next Three years

Statement 1.4.
Guaranteeing

Cybersecurity is a
Priority in our

Company’s Activity

Statement 1.5. The
Digital Solutions used in

our Company Improve
Railway Traffic Safety

Statement 1.1. The
business model of our
company is strongly
supported by digital
economy solutions

1.00 1.00 3.00 3.00 3.00

Statement 1.2. Our
operational processes are
essentially based on the

use of digital
communication.

1.00 1.00 5.00 3.00 3.00

Statement 1.3. The
strategy of our company

assumes the digitalization
of the key areas of our

activity in the next three
years.

0.33 0.20 1.00 0.33 3.00

Statement 1.4.
Guaranteeing

cybersecurity is a priority
in our company’s activity

0.33 0.33 3.00 1.00 3.00

Statement 1.5. The digital
solutions used in our

company improve railway
traffic safety

0.33 0.33 0.33 0.33 1.00

Source: own study.
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Table 7. Pairwise comparison matrix for Criterion 2—opportunities for the development of social factors through digital transformation.

Opportunities for the
Development of Social Factors

through Digital
Transformation

Statement 2.1. The
Implementation of
Digital Solutions

Increases the Chances of
Improving Relationships

with our Stakeholders.

Statement 2.2. The Digital
Solutions used in our
Company Improve the

Quality of Human-Human,
Human-Machine and

Machine-Machine Interfaces.

Statement 2.3. The
Digital Solutions in our

Company Generate
Positive Relationships

with Suppliers/Partners.

Statement 2.4. We Build
Social Capital with Rail
Market Actors through

Digital Solutions.

Statement 2.5. The
Digital Solutions used in
our Company Foster the

Implementation of
Social Effects—Ecology,
Ethics, and Economics

Statement 2.1. The
implementation of digital

solutions increases the chances
of improving relationships with

our stakeholders.

1.00 0.20 0.33 0.33 0.33

Statement 2.2. The digital
solutions used in our company

improve the quality of
human-human,

human-machine and
machine-machine interfaces.

5.00 1.00 3.00 1.00 0.33

Statement 2.3. The digital
solutions in our company

generate positive relationships
with suppliers/partners.

3.00 0.33 1.00 0.33 0.33

Statement 2.4. We build social
capital with rail market actors

through digital solutions.
3.00 1.00 3.00 1.00 0.33

Statement 2.5. The digital
solutions used in our company

foster the implementation of
social effects—ecology, ethics,

and economics

3.00 3.00 3.00 3.00 1.00

Source: Own study.
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Table 8. Pairwise comparison matrix for Criterion 3—the mutual process integration of railway companies through digital transformation.

The Mutual Process
Integration of Railway

Companies through Digital
Transformation.

Statement 3.1. The
Digital Solutions in our

Company Improve
Process Efficiency

Statement 3.2. The
Digitalization of our

Technological Processes
Helps us Improve

Integration with other
Railway Traffic

Participants.

Statement 3.3. The Digital
Solutions in our Company

help Improve the Ability to
Cooperate within the

Organizational and Technical
Solutions of the Railway

Ecosystem.

Statement 3.4. We Build
Cooperation Platforms

with other Railway
Companies using Digital

Technologies.

Statement 3.5. The
Digital Solutions used
are fully Compatible
with the Solutions of

other Enterprises within
the Railway Ecosystem.

Statement 3.1. The digital
solutions in our company
improve process efficiency

1.00 0.33 0.33 0.33 0.20

Statement 3.2. The
digitalization of our

technological processes helps us
improve integration with other

railway traffic participants.

3.00 1.00 3.00 3.00 0.20

Statement 3.3. The digital
solutions in our company help
improve the ability to cooperate
within the organizational and

technical solutions of the
railway ecosystem.

3.00 0.33 1.00 0.33 0.33

Statement 3.4. We build
cooperation platforms with

other railway companies using
digital technologies.

3.00 0.33 3.00 1.00 0.33

Statement 3.5. The digital
solutions used are fully

compatible with the solutions
of other enterprises within the

railway ecosystem.

5.00 5.00 3.00 3.00 1.00

Source: Own study.
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Table 9. Pairwise comparison matrix for Criterion 4—the servitization of railway companies.

The Servitization of Railway
Companies.

Statement 4.1. We Apply
Solutions based on the

Transition from a
Product/Service-Oriented

Model to a Service-Oriented
Business Model and its Logic.

Statement 4.2. We Notice
the Potential of the

Effective Management of
the Business Model of

our Company.

Statement 4.3. We
constantly Monitor and

Adjust our Business
Model in every Case, in
a Bottom-Up, Emergent

and Iterative way.

Statement 4.4. We try to
Design a Business

Model to Co-Create
Value with Customers.

Statement 4.5. We pay
Attention to the Creation
of a Value Network with
all Rail Market Actors.

Statement 4.1. We apply
solutions based on the

transition from a
product/service- oriented

model to a service-oriented
business model and its logic.

1.00 3.00 0.33 3.00 0.33

Statement 4.2. We notice the
potential of the effective

management of the business
model of our company.

0.33 1.00 0.33 0.33 0.20

Statement 4.3. We constantly
monitor and adjust our

business model in every case, in
a bottom-up, emergent and

iterative way.

3.00 3.00 1.00 3.00 0.33

Statement 4.4. We try to design
a business model to co-create

value with customers.
0.33 3.00 0.33 1.00 0.33

Statement 4.5. We pay attention
to the creation of a value

network with all rail market
actors.

3.00 5.00 3.00 3.00 1.00

Source: Own study.
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Table 10. Pairwise comparison matrix for Criterion 5—the socialization of the business models of railway companies.

The Socialization of the
Business Models of Railway

Companies.

Statement 5.1. In our
Business Model, the

Aspect of Positive Social
Impact Plays an
Important Role.

Statement 5.2. Employees in
our Company are Treated with
Respect and are an Important
Voice in the Decision-Making

Process.

Statement 5.3. We Pay
Attention to Positive
Relationships with

Communities Gathered
around the Railway

Ecosystem.

Statement 5.4. Our
Business Model is based
on an Effective Dialogue

with Stakeholders.

Statement 5.5. Building
Trust with Business

Partners is an Important
Component of our
Business Model.

Statement 5.1. In our business
model, the aspect of positive

social impact plays an
important role.

1.00 0.33 0.33 0.33 0.33

Statement 5.2. Employees in
our company are treated with
respect and are an important
voice in the decision-making

process.

3.00 1.00 3.00 3.00 3.00

Statement 5.3. We pay attention
to positive relationships with
communities gathered around

the railway ecosystem.

3.00 0.33 1.00 3.00 1.00

Statement 5.4. Our business
model is based on an effective
dialogue with stakeholders.

3.00 0.33 0.33 1.00 1.00

Statement 5.5. Building trust
with business partners is an
important component of our

business model.

3.00 0.33 1.00 1.00 1.00

Source: Own study.
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Subsequently the above data in the tables was normalized, thus obtaining matrices as below. They
allowed us to obtain the values of weights, and subsequently the ranking inside the criterion studied
(Table 11):

Table 11. Normalized sub-criterion matrix for Criterion 1.

Normalized
W-Matrix

Statement
1.1

Statement
1.2

Statement
1.3

Statement
1.4

Statement
1.5

Weights =
Local Priorities RANKING

Statement 1.1 0.33 0.35 0.24 0.39 0.23 0.31 2
Statement 1.2 0.33 0.35 0.41 0.39 0.23 0.34 1
Statement 1.3 0.11 0.07 0.08 0.04 0.23 0.11 4
Statement 1.4 0.11 0.12 0.24 0.13 0.23 0.17 3
Statement 1.5 0.11 0.12 0.03 0.04 0.08 0.07 5

Source: Own study.

Among the five defined sub-criteria for Criterion 1 (Table 11), i.e., the digital transformation of the
business models of railway companies, Statement 1.2—“Our operational processes are fundamentally
based on the use of digital communication” was the most important, receiving a weight of 0.34.
Statement 1.1 that “The business model of our company is strongly supported by digital economy
solutions” was slightly less important—a local weight at the level of 0.31. The other three statements
obtained local weights below 0.20. Statement 1.5 “The digital solutions used in our company improve
railway traffic safety” was the least important, gaining a weight equal to 0.07.

Taking into account Criterion 2 (Opportunities for the development of social factors through
digital transformation), the highest rated was Statement 2.5 “The digital solutions used in our company
support the implementation of social effects—ecology, ethics, economics”. It obtained a local weight
of 0.40. It was followed by Statement 2.2 “The digital solutions used in our company improve the
quality of human-human, human-machine and machine-machine interfaces”, with a local weight
of 0.22. Statement 2.1 “The implementation of digital solutions increases the chances of improving
relations with our stakeholders” was at the bottom of the ranking with a weight of 0.07 (Table 12).

Table 12. Normalized sub-criterion matrix for Criterion 2.

Normalized
W-Matrix

Statement
2.1

Statement
2.2

Statement
2.3

Statement
2.4

Statement
2.5

Weights =
Local Priorities RANKING

Statement 2.1 0.07 0.04 0.03 0.06 0.14 0.07 5
Statement 2.2 0.33 0.18 0.29 0.18 0.14 0.22 2
Statement 2.3 0.20 0.06 0.10 0.06 0.14 0.11 4
Statement 2.4 0.20 0.18 0.29 0.18 0.14 0.20 3
Statement 2.5 0.20 0.54 0.29 0.53 0.43 0.40 1

Source: Own study

In the case of Criterion 3 “The mutual process integration of railway enterprises through digital
transformation” (Table 13), the overarching sub-criterion turned out to be Statement 3.5 “The digital
solutions used are fully compatible with the solutions of other enterprises within the railway ecosystem”,
obtaining a local weight of as much as 0.44. Statement 3.2 “The digitalization of our technological
processes helps us improve integration with other railway traffic participants” was ranked second,
with the local weight being lower by half at 0.22. Statement 3.1 “Digital solutions in our company
improve process efficiency”, with a local weight of 0.06, was at the bottom of the ranking.
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Table 13. Normalized sub-criterion matrix for Criterion 3.

Normalized
W-Matrix

Statement
3.1

Statement
3.2

Statement
3.3

Statement
3.4

Statement
3.5

Weights =
Local Priorities RANKING

Statement 3.1 0.07 0.05 0.03 0.04 0.10 0.06 5
Statement 3.2 0.20 0.14 0.29 0.39 0.10 0.22 2
Statement 3.3 0.20 0.05 0.10 0.04 0.16 0.11 4
Statement 3.4 0.20 0.05 0.29 0.13 0.16 0.17 3
Statement 3.5 0.33 0.71 0.29 0.39 0.48 0.44 1

Source: Own study

When analyzing Criterion 4 “The servitization of railway companies” (Table 14), the highest local
weight of 0.41 was for Statement 4.5 “We pay attention to the creation of a value network with all rail
market actors”. Statement 4.3 “We constantly monitor and adjust our business model in every case, in
a bottom-up, emergent and iterative way” was ranked second with a local weight of 0.25. The fifth and
last place was occupied by Statement 4.2 “We notice the potential of the effective management of the
business model of our company”, which obtained a local weight equal to only 0.06.

Table 14. Normalized sub-criterion matrix for Criterion 4.

Normalized
W-Matrix

Statement
4.1

Statement
4.2

Statement
4.3

Statement
4.4

Statement
4.5

Weights =
Local Priorities RANKING

Statement 4.1 0.13 0.20 0.07 0.29 0.15 0.17 3
Statement 4.2 0.04 0.07 0.07 0.03 0.09 0.06 5
Statement 4.3 0.39 0.20 0.20 0.29 0.15 0.25 2
Statement 4.4 0.04 0.20 0.07 0.10 0.15 0.11 4
Statement 4.5 0.39 0.33 0.60 0.29 0.45 0.41 1

Source: Own study

When examining Criterion 5 (Table 15), Statement 5.2 “Employees in our company are treated
with respect and are an important voice in the decision-making process” was the most important with
a local weight of 0.40. It was followed by Statement 5.3 “We pay attention to positive relationships
with communities gathered around the railway ecosystem” with a local weight of 0.21. Statement 5.1
“In our business model, the aspect of positive social impact plays an important role”, which gained a
local weight of 0.07, ranked last.

Table 15. Normalized sub-criterion matrix for Criterion 5.

Normalized
W-Matrix

Statement
5.1

Statement
5.2

Statement
5.3

Statement
5.4

Statement
5.5

Weights =
Local Priorities RANKING

Statement 5.1 0.08 0.14 0.06 0.04 0.05 0.07 5
Statement 5.2 0.23 0.43 0.53 0.36 0.47 0.40 1
Statement 5.3 0.23 0.14 0.18 0.36 0.16 0.21 2
Statement 5.4 0.23 0.14 0.06 0.12 0.16 0.14 4
Statement 5.5 0.23 0.14 0.18 0.12 0.16 0.17 3

Source: Own study.

For each criterion matrix, the values of the inconsistency index λmax, the consistency ratio CR
and the values of the random consistency index RI were calculated (Table 16).
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Table 16. Values of the inconsistency index λmax, the consistency ratio (CR) and the values of the
random consistency index (RI) for each criterion.

Criterion Criterion1 Criterion2 Criterion3 Criterion4 Criterion5

λmax 5.48 5.46 5.28 5.48 5.35

n 5 5 5 5 5

RI 1.12 1.12 1.12 1.12 1.12

CR 0.11 0.10 0.06 0.11 0.08

Source: Own study.

The previously obtained weight values for each criterion and the local weights for sub-criteria are
as follows (Table 17):

The above-mentioned local weights of the sub-criteria multiplied by the global weights of the
criteria gave the global weights of sub-criteria. It was assumed that the above percentage values
represent the ideal state, where the digitalization of railway companies is at a very high level. Among
all 25 sub-criteria, the most important statements in the global sense included:

- Statement 2.5—“The digital solutions used in our company foster the implementation of social
effects—ecology, ethics, and economics.” with a global weight of 0.09.

- Statement 5.2—“Employees in our company are treated with respect and are an important voice
in the decision-making process”, with a global weight of 0,09.

- Statement 3.5— “The digital solutions used are fully compatible with solutions of other enterprises
within the railway ecosystem”, with a global weight of 0.08.

- Statement 4.5—“We pay attention to the creation of a value network with all rail market actors”,
with a global weight of 0.08.
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Table 17. Matrix of local and global weights for criteria and sub-criteria for the issue of the digitalization of railway companies.

1. The Digital Transformation of the
Business Models of Railway

Companies

2. Opportunities for the Development
of Social Factors through Digital

Transformation

3. The Mutual Process Integration of
Railway Companies through Digital

Transformation

4. The Servitization of Railway
Companies

5. The Socialization of the Business
Models of Railway Companies

0.18 Share in the
group

Share in
total 0.22 Share in the

group
Share in

total 0.17 Share in the
group

Share in
total 0.20 Share in the

group
Share in

total 0.22 Share in the
group

Share in
total

Statement 1.1 0.31 0.06 Statement 2.1 0.07 0.01 Statement 3.1 0.06 0.01 Statement 4.1 0.17 0.03 Statement 5.1 0.07 0.02
Statement 1.2 0.34 0.06 Statement 2.2 0.22 0.05 Statement 3.2 0.22 0.04 Statement 4.2 0.06 0.01 Statement 5.2 0.40 0.09
Statement 1.3 0.11 0.02 Statement 2.3 0.11 0.02 Statement 3.3 0.11 0.02 Statement 4.3 0.25 0.05 Statement 5.3 0.21 0.05
Statement 1.4 0.17 0.03 Statement 2.4 0.20 0.04 Statement 3.4 0.17 0.03 Statement 4.4 0.11 0.02 Statement 5.4 0.14 0.03
Statement 1.5 0.07 0.01 Statement 2.5 0.40 0.09 Statement 3.5 0.44 0.08 Statement 4.5 0.41 0.08 Statement 5.5 0.17 0.04

Source: Own study.
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7.3. Analysis of Responses from Surveys Sent to Railway Companies

After creating the surveys which take into account the above criteria and sub-criteria in the form
of statements, they were sent to railway undertakings and infrastructure managers. They were asked
to evaluate the criteria set in relation to the functioning of their company and meeting the issues set
using the following scale (Table 18):

Table 18. The scale used to assess the company in terms of sub-criteria.

Scale Statement

1 I strongly disagree

2 I somewhat disagree

3 I have no opinion

4 I somewhat agree

5 I definitely agree

Source: Own study.

After collecting a certain sample from the data set, namely railway undertakings and infrastructure
managers, calculations were made taking into account the accumulated ratings from questionnaires
and percentage result calculated for the ideal company. The total score for each criterion for a given
company was calculated. The maximum result in a given cell for a criterion are values of global weights
calculated for six groups of criteria. At the end, the results obtained were ranked and the ranking
of railway companies was obtained in terms of their digitalization. Below is a table with individual
results in each area examined, together with the total result obtained and the final ranking from the
above study. The total result obtained for each company studied by means of the AHP analysis,
which took into account all five criteria, indicated the level of the railway company’s digitalization in
relation to the given statements. Obtaining the value of 1.0 characterizes an ideal company in terms of
digitalization. The highest total value of ratings was obtained for Company 16—0.92, followed by
Company 10 with a result of 0.89, and third place was occupied by Company 11—0.85. Company 7
was ranked last, with only a 0.62 rating.

The maximum ratings were achieved in Criterion 5. In this way, Company 6, Company 9,
Company 10, Company 15 and Company 16 were evaluated. Company 3 dominated only in the case
of Criterion 1. In other cases, it did not appear at all. An interesting case is Company 12, which ranked
first in the rating in terms of Criterion 2 and Criterion 3, and it ranked third for Criterion 1. However,
in the overall ranking, it occupied sixth place. This results from its low position for Criterion 4 (16th
place out of 19) and Criterion 5 (17th place). Company 3, despite being in first place in Criterion 1,
was ranked below 10th for the remaining criteria, so in the final analysis it ranked 17th. To sum up,
the highest rated companies were Company 16, Company 10 and Company 11.

The values obtained within each criterion indicated that the highest mean is obtained in the results
of Criterion5, amounting to 4.3. This mainly results from the assessment of individual statements such
as “I have no opinion”, “I somewhat agree” and “I definitely agree”. The lowest ranked statements are
from the Criterion 1 range—the average rating was 3.6. Other average values are also shown in the
table below. The responses to particular groups of criteria indicated a ’somewhat agree’ level.

Highly rated statements are:

- “Statement 3.1. The digital solutions in our company improve process efficiency”,
- “Statement 5.4. Our business model is based on an effective dialogue with stakeholders”.
- This means that such areas predominate in the functioning of railway companies. The lowest

average was obtained for the following statements:
- “Statement 1.4. Guaranteeing cybersecurity is a priority in our company’s activity”,
- “Statement 1.5. The digital solutions used in our company improve railway traffic safety”,
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- “Statement 3.4. We build cooperation platforms with other railway companies using digital
technologies”,

- “Statement 4.1. We apply solutions based on the transition from a product/ service-oriented
model to a service-oriented business model and its logic”.

All four of the above statements received an average of 3.5. This means that this issue should be
corrected by improving the business models of railway companies.

On the basis of the above, it can be concluded that the purpose of the article was achieved, because
the study conducted showed that social factors are the fundamental factor in the digitalization of
the business models of railway companies. In addition, the answer to the question of which of the
given factors are the most important aspects in the activity of the railway companies studied was
obtained. Due to the lack of significant deviations in the results obtained, it can be safely stated that the
research is a reliable sample which gives an image of the hierarchy of basic social factors in building
the digitalization of business models.

The homogeneity of the scale was verified by means of Cronbach’s alpha. This coefficient takes
values between [0; 1]. When α > 0.7, the high reliability of the scale is demonstrated. This coefficient
indicates to what extent a set of variables is consistent. If all positions were perfectly reliable and
measured the same thing, the coefficient α = 1. Cronbach’s alpha was estimated using the following
formula:

α =
K

K− 1

1−
∑K

i=1 σ
2
Statement i

σ2
Group


where:

K—number of statements,
Statement—answers obtained for individual questions given by all companies
σ2

Statement i
—variance for the answers obtained to a given question, and

σ2
Group—variance from the sum of answers to all questions for individual companies.

Hence the value of Cronbach’s alpha was 0.90. The higher the value of the coefficient, the greater
the reliability of the scale, therefore the reliability in this study is very high. This means that there was
a large similarity between the individual responses, and the way of answering individual questions
was similar. Therefore, the questions are similar to each other and examine similar phenomena.

8. Conclusions

As part of the research model adopted in the scope of the digitalization of railway companies,
five key criteria were adopted: the digital transformation of the business models of railway companies,
opportunities for the development of social factors through digital transformation, the mutual process
integration of railway companies through digital transformation, the servitization of railway companies,
the socialization of the business models of railway companies, and the process integration of railway
companies. The research results showed that the ranking of the significance of the adopted criteria
is as follows: the most important criterion is “The socialization of the business models of railway
companies”, which obtained a global weight of 40.15%. “The servitization of railway companies”
ranks second with a global weight of 19.20% and “Opportunities for the development of social factors
through digital transformation” is equally significant at 19.11%. The next place in the ranking was
occupied by “The mutual process integration of railway companies through digital transformation”,
followed by “The digital transformation of the business models of railway companies”, with a global
weight of 9.71%. For each criterion, the results confirm that the defined criteria show the key factors
responsible for the effectiveness of implementing the digital transformation of business models of
railway companies. The above-mentioned local weights of the sub-criteria multiplied by the global
weights of the criteria gave the global weights of the sub-criteria, assuming that percentages represent
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the ideal state, where the digitalization of railway companies is at a very high level. Among all 25
sub-criteria, four research areas which describe factors influencing the digitalization of the business
models of railway companies were the most significant in the global sense. First of all, digital solutions
foster the implementation of social effects—ecology, ethics, and economics. The companies surveyed
pay attention to the role of employees in creating social attitudes. Moreover, employees should be
treated with respect and be an important voice in the decision-making process, and digital solutions
should be fully compatible with the solutions of other enterprises within the railway ecosystem. Finally,
the creation of a value network with all rail market players is important within the socialization of
the business models of railway enterprises. The research results are adequate for the specificity of the
railway companies’ operations and their business models.

The social factors of the business models of railway companies cannot be examined in terms of
their digitalization without taking into account the complex value chain based on cooperation between
infrastructure managers and railway undertakings that have an organizational and technical nature.
The digitalization of one group of railway companies (infrastructure managers) should be compatible
with the second group (railway undertakings). The implementation of digital solutions at the technical
level facilitates the better integration of operational processes and building better mutual relations,
which should affect the quality of services provided and the level of railway traffic safety.

The process of the digitalization of the business models of railway companies is important for the
development of social factors. The search for social aspects in the field of digitalization is important for
improving the efficiency of these business models as well as finding new spaces that have an impact on
building relationships between enterprises as part of shaping a complex organizational and technical
business ecosystem.

Constructing the configuration of social factors influencing the process of the digitalization of the
business models of railway companies was used to identify several important conclusions.

1. The business models of railway companies are increasingly supported by digital economy
solutions.

2. The operational processes are essentially based on the use of digital communication.
3. The strategies of railway companies assume the digitalization of key areas of activity in the

next three years.
4. The issue of cyber security is a priority in the context of railway companies‘ operations.
5. Digital solutions built in the business models of railway companies significantly improve

railway traffic safety.
6. The implementation of digital solutions increases the chances of improving relationships

with stakeholders.
7. Digital solutions improve the quality of human-human, human-machine and machine-machine

interfaces.
8. Digital solutions generate positive relationships with suppliers/partners.
9. Social capital is built with rail market actors through social solutions.
10. Digital solutions foster the implementation of social effects—ecology, ethics, and economics.

Railway companies are subject to the process of digital transformation much like other companies in
traditional sectors. The digitalization of business models is dynamic and results from technological
progress as well as the need to improve the efficiency of these companies. Due to the strategic role
of the rail transport sector in the economy, the social aspect plays a key role and the process of
digitalization studied is conducive to it. The research results confirm that there are still many issues to
be clarified in this respect. Research into the digitalization processes of the business models of railway
companies requires further research and analysis, which results from the complexity of this sector
and the dynamics of changes in the area of designing digital economy solutions. The socialization of
business through digitalization is also the subject of further research projects by the authors. The social
perspective demonstrates that technical innovations are likely to positively affect the diffusion of social
innovation, and vice versa. The technological revolution that accompanies Industry 4.0 achieves its
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true potential in combination with social innovation. It should be noted that, referring to other research
into social aspects of digital business models, the results achieved are in line with other results in this
area. The social perspective demonstrates that technical innovations are likely to positively affect the
diffusion of social innovation, and vice versa.

Hence, businesses that succeed in Industry 4.0 will be those that offer both social progress and
economic benefits. It should be noted that, referring to other scientific studies in the field of social
aspects in digital business models, the results achieved are in line with other results in this area.
The social perspective demonstrates that the development of social innovation and digital solutions
influence digital process of business model transformation. Research by R. Morrar, H. Arman, and
S. Mousa confirms the course of thinking and defines the scope of research and scientific argument
adopted in this article [50]. Obviously, the specificity of the railway sector is quite different, but it is part
of current research into the digitalization of the business models of technology companies. This subject
seems to be very interesting in terms of the impact of research on the level of the perception of the
digital transformation of companies which hitherto had poorly implemented the latest technological
innovations while changing their business models evolutionally or sometimes revolutionarily.

9. Limitations and Suggestions for Future Research

The key limitations of the research process should include sector conditions typical of the
complexity of the rail transport sector. Due to legal conditions, the description of rail transport
business models is set in specific market realities. On the one hand, it has the character of a natural
monopoly—some infrastructure managers, on the other hand, companies such as railway undertakings
operate in a very competitive market. This means that research into this sector and the attempt
to expand this research for other sectors is not always effective. Another limitation of the research
conducted is the selection of criteria for evaluation. In the relevant literature, research into the digital
transformation of business models is in its infancy. As regards research in this area, there are many
issues which require clarification. The paper is a step towards a better understanding of the processes
of the digitalization of business models which have operated in the traditional way so far.

The specificity of railway companies can also be a limitation. As those whose business models
largely depend on legal requirements must create digital solutions on their own, believing that in a
liberalized and very competitive market the readiness to create an ecosystem of the digital economy may
help the company gain a competitive advantage over its competitors in future. Certainly, the national
infrastructure manager may have a different opinion, with a safe and monopolistic position in this
respect, but looking at the experience of Polish and other European companies, these entities can set
standards in the use of digital solutions.

As regards the need to explore the subject presented in the context of future research, it is
reasonable to study the processes of the digital transformation of business models in other sectors
of the economy and services. It is worth examining the differences between digital transformation
processes in sectors considered to be traditional, such as rail transport, heavy industry and the digital
transformation of services. Differences between these areas in the context of universal digitalization can
give results that allow for a better understanding of changes that are taking place in the dynamically
developing digital economy and their impact on the business models of companies. These issues
are important not only in terms of theory, but also in the utilitarian sense. Understanding digital
transformation processes in terms of the development of social aspects is of key importance because,
due to the development of social aspects, business models have a wider scope and can not only
increase economic efficiency but also affect the added value of digitalization, namely social profit.
The social aspect is also related to the issue of trust, which is the leading criterion for the development
of digitalization. In addition, the influence and role of the mutual process integration of railway
companies through digital transformation should be indicated as a research gap and thus the subject
of future research. These issues are the subject of further research by the authors.



Sustainability 2019, 11, 3367 27 of 29

Author Contributions: Conceptualization, A.J. and M.J.; Methodology, M.J.; Formal Analysis, A.J.; Investigation,
A.J. and M.J.; Data Curation, A.J. and M.J.; Writing—Original Draft Preparation, M.J.; Writing—Review & Editing,
A.J.; Visualization, A.J. and M.J.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Parviainen, P.; Kääriäinen, J.; Tihinen, M.; Teppola, S. Tackling the digitalization challenge: How to benefit
from digitalization in practice. Int. J. Inf. Syst. Proj. Manag. 2017, 5, 63–77.

2. Wirtz, B.W. Digital Business Models, Concepts, Models and the Alphabet Case Study; Springer: Basel, Switzerland,
2019.

3. Khanagha, S.; Volberda, H.; Oshri, I. Business model renewal and ambidexterity: Structural alteration and
strategy formation process during transition to a Cloud business model. R&D Manag. 2014, 44. [CrossRef]

4. Demil, B.; Lecocq, X. Business model evolution: In search of dynamic consistency. Long Range Plan. 2010, 43,
227–246. [CrossRef]

5. Eckhardt, J.; Kaletka, C.; Pelka, B. Inclusion through Digital Social Innovations: Modelling an Ecosystem
of Drivers and Barriers. In Proceedings of the 2017 11th UAHCI International Conference, Vancouver, BC,
Canada, 9–14 July 2017.

6. Reinartz, W.; Wiegand, N.; Imschloss, M. The impact of digital transformation on the retailing value Chain.
Int. J. Res. Mark. 2019. [CrossRef]

7. Smith, W.; Binns, A.; Tushman, M. Complex Business Models: Managing Strategic Paradoxes Simultaneously.
Long Range Plan. 2010, 43, 448–461. [CrossRef]

8. Timmers, P. Business models for electronic markets. Electron. Mark. 1998, 8, 3–8. [CrossRef]
9. Von Leipzig, T.; Gamp, M.; Manz, D.; Schöttle, K.; Ohlhausen, P.; Oosthuizen, G.; Palm, D.; von Leipzig, K.

Initialising customer-orientated digital transformation in enterprises. Proc. Manuf. 2017, 8, 517–524.
[CrossRef]

10. Westerman, G.; Calméjane, C.; Bonnet, D.; Ferraris, P.; McAfee, A. Digital Transformation: A Roadmap for
Billion-Dollar Organizations. MIT Sloan Manag. 2011, 1, 1–68.

11. Stolterman, E.; Fors, A. Information technology and the good life. In Information Systems Research; Springer:
Berlin, Germany, 2004; pp. 687–692.

12. Azhari, P.; Faraby, N.; Rossmann, A.; Steimel, B.; Wichmann, K.S. Digital Transformation Report; Neuland
GmbH & Co.: Köln, Germany, 2014.

13. Issa, A.; Hatiboglu, B.; Bildstein, A.; Bauerhansl, T. Industry 4.0 roadmap: Framework for digital
transformation based on the concepts of capability, maturity and alignment. Procedia CIRP 2018, 72,
973–978. [CrossRef]

14. Reis, J.; Amorim, M.; Melão, N.; Matos, P. Digital Transformation: A Literature Review and Guidelines
for Future Research. In Trends and Advances in Information Systems and Technologies; Rocha, Á., Adeli, H.,
Reis, L.P., Costanzo, S., Eds.; Springer: Cham, Switzerland, 2018; p. 745.

15. Markowitsch, J.; Kollinger, I.; Warmerdam, J.; Moerel, H.; Konrad, J.; Burel, C.; Guile, D. Competence and
Human Resource Development in Multinational Companies in Three European Union Member States: A Comparative
Analysis between Austria, the Netherlands and the UK; CEDEFOP: Thessaloniki, Greece, 2001.

16. Dovleac, L. The role of new communication technologies in companies’ sustainability. Bull. Transilv. Univ.
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