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Abstract: The digital transformation of business models is a process which helps traditional 
business solutions reach new functionalities through innovative technologies. Digital 
transformation is now crucial to the development of the rail transport sector. The main rail market 
entities are railway undertakings, infrastructure managers, entities in charge of maintenance, or 
certification bodies. Digitalization creates new opportunities to shape the business ecosystem in the 
rail transport sector. The aim of the research is to identify and indicate key social perspectives 
related to the development of digital business models functioning in railway enterprises. 
Technological aspects and relational determinants related to the strong mutual cooperation required 
between railway undertakings and infrastructure managers have particular significance in this 
context. In this approach, the digitalization of processes is important. The approach also reveals a 
significant process of business model socialization, which is conceptualized and operationalized 
through the evolution of social factors based on digital transformation. 
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1. Introduction 

The digital evolution of business models from the perspective of economy sectors hitherto 
regarded as traditional is currently in progress. Processes based on transforming analog business 
formulas into the digitalization of entire value chains, as well as selected fragments, are taking place. 
This is achieved due to the fact that digitalization is favorable to phenomena such as expanding the 
scope of activities, increasing opportunities to create added value from services provided through 
the use of modern technological solutions, shortening the time of process implementation, better 
communication and an increased and related service recipients and stakeholders interested in their 
results. Digitalization is a factor which is responsible for the modern creation of business models in 
the context of their innovations [1]. 

In the relevant literature there is an increasing amount of interest in the transformation processes 
of business models from traditional ones to those based on digitalization. J. Reis defines digital 
transformation as the use of new digital technologies that enable significant business improvements 
and affect all aspects of customers’ lives. In the relevant literature, there are numerous classifications 
of concepts related to digital transformation. Reis et al. indicate three key areas: technological, 
organizational, and social [2]. 

It should be noted that the concept of digital transformation is highly complex and widely 
interpreted. It is related, inter alia, to many phrases which describe this verbal construction. For 
example, Fadwa Zaoui and Nissrine Souissi conducted bibliographic research, the result of which 
was the determination of 156 phases of the semantic categorization of the concept of digital 
transformation [3]. Digital transformation is associated, especially in terms of management 
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mechanisms, with business models, strategies, business processes and projects, and has become a 
strategic imperative on leadership agendas [4]. Many enterprises address issues related to digital 
transformation to strategies, organizational structures, operations, and culture [5]. Digitization refers 
to the transformation of information and processes from analog to digital ones in a technical context 
[6]. Digitalization is treated as a technical process based on the transformation of traditional formulas 
of action into those supported by digital solutions [7].  

Digitalization makes physical products programmable, identifiable, addressable, memorable, 
communicable, and reasonable [8]. Digital transformation includes changes that digital technologies 
can trigger in an organization's business model, which may be related to the change of products, 
organizational structures, or process automation [9]. 

Digitalization refers to taking digital opportunities into account. Digital transformation is 
defined as the process used to restructure economies, institutions, and society in systemic terms [10]. 
Digital transformation refers to processes, the purpose of which is to improve the organization by 
creating changes in its areas through a combination of information, computing, and communication 
technologies [11]. Digital transformation is developing strongly in many sectors of the economy and 
industry, the result of which is a large technological change covering the key areas of creating 
business principles and relationships in complex value chains. It encompasses several phases: 
digitization, virtualization, connectedness, and autonomization [12].  

Digital transformation is also associated with new business models related to management 
concepts, such as the sharing economy [13], the artificial intelligence economy [14], the Internet of 
Things [15], and the Big Data economy [16]. Digital innovation is a way for new organizations to use 
digital technology to gain a competitive advantage [17]. 

D. Schallmo and C.A. Williams indicate a digital transformation background, which includes 
the networking of actors (such as customers and businesses in all value-added chain segments) and 
the operation of new technologies [18]. Digital transformation requires skills related to the acquisition 
and transformation of data, their analysis and application, and relates to enterprises, their business 
models, products, relationships, processes, etc. Other approaches to the identification of digital 
transformation were presented by [19], who highlighted the aspect of value chain reconfiguration, as 
well as [20], who identifies the assumptions of digitalization at strategic and tactical levels. In turn 
[21] base their considerations on the role of networked systems in the procedure of the digital 
conversion of business models. When it comes to operationalization, digital transformation may refer 
to all components of the ontological business model. The traditional components of the business 
model canvas can be replaced by various technological solutions of the digital economy [22]. The 
issue of expanding skills for the digital transformation of firms was addressed by M.J. Sousa and Á. 
Rocha. In their opinion, the processes of business model transformation as well as building employee 
skills are influenced by the modern economy such as the Internet of Things, artificial intelligence, 
augmented reality, nanotechnology, robotization, and digitalization; and the main digital learning 
sources were mobile, smartphone, and tablet applications—which are becoming popular among 
employees [23]. An important element for identifying the characteristics of the process of converting 
business models to digital solutions is the analysis of the quantitative and theoretical effects on digital 
transformation on entrepreneurial activity [24]. Another issue in the background of the theoretical 
and practical assumptions of the process of business model transformation towards the digital 
economy is building dynamic capabilities for digital reconfiguration, which was addressed by K.S.R. 
Warner and M. Wäger in their attempt to resolve the question of how firms in traditional economies 
create dynamic competences for established digital evolution and digital transformation as a process 
of building dynamic capabilities for continuing strategic renewal [25]. An important aspect is the 
analysis of the industry determinants of digital transformation in terms of their specificity, such as 
the luxury-branded hotel industry, where hotels need to go through digital transformation to meet 
the changing requirements of customers [26] and the aviation industry [27]. 

Research is also being conducted into the influence of digital transformation on the labor market. 
This is important from the perspective of the emergence of new structures and forms of employment 
of modern employees [28]. Digital transformation processes also concern the issue of digital 
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transformation reporting between business and government [29]. It is important to apply 
digitalization to improve the quality of services, in particular initializing customer-oriented digital 
transformation in enterprises [30]. The issue of digitalization also applies to small and medium-sized 
enterprises which also observe the need to transform their business models to suit the digital 
economy [31]. Digitalization also changes the construction of value chains [32]. In addition, digital 
transformation allows for the creation of new technologies [22]. An interesting approach to 
digitalization, as well as a new space for it, can be provided by the concept of servitization. 
Servitization and Industry 4.0 are trends in the area of the digital reconfiguration of enterprises. 
Servitization serves to create additional value for the customer. Industry 4.0 is focused on creating 
value from the production process in terms of technology [33,34]. Enterprise Architecture should help 
designers of business models in the process of digital transformation [35]. The digital renovation of 
business models covers many areas of the organization's activities. The aim of the article is to 
investigate the reasons and the scope of the digitalization of business models of railway enterprises 
that hitherto belonged to the traditional sector. Noticeable technological progress in this sector 
contributes to the identification of the scientific gap which exists in terms of the explanation of the 
reasons, as well as the areas where digital transformation affects the structure of a value chain, and 
hence the transformation of existing traditional solutions in the sphere of business models into digital 
results. 

The digital economy creates new opportunities to have a positive social impact. Extensive 
research into innovative companies confirms the key role of social aspects in shaping digital economy 
business models [36,37]. Technology platforms are conducive to building communities and allow for 
the achievement of tangible social effects. Actions to create social aspects may contribute to creating 
both financial [38] and non-financial value. The digital economy transforms the traditionally 
understood value chain into new forms of value creation [39]. The value migration process is 
significant in this respect [40,41]. An important feature of the modern economy is also value created 
in the life cycle of the business model [42] in the digital economy. Young companies can also see the 
positive features of social factors in their development process [43]. Social factors are important in 
ensuring the scalability of business models [44]. Social perspectives are also developed in hybrid 
enterprises [45]. Hybrid business models can be shaped based on social factors [46]. 

At the operational level, social interaction technologies (SIT) are particularly important for 
building social values [47]. In this way, social factors stimulate the activity of enterprises by building 
them in the configuration of business models. The relevant literature defines the proposals for 
identifying social factors in business models. One such proposal is the value drivers of social business 
models. These include shared values and integration news, responsible efficiency, supplementary 
impact [48]. They are important in the context of innovation design, especially in terms of the 
emerging concepts of modern economics [49]. Social factors are also considered in the conditions of 
the development of organizational knowledge in the area of converting business models from 
conventional business to social business orientation [50]. The relevant literature includes examples of 
the operationalization of business models based on social issues, e.g., with the use of the business 
model social canvas [51]. Social aspects play a key role in digital business models. Technology results 
in the emergence of new ways of communicating and building communities. The larger the 
community gathered around a given business model is, the greater its investment attractiveness and 
the ability to influence the ecosystem which it is embedded in. The gap that can be seen in the 
literature review process is the lack of research on the influence of the processes of the digital 
reconfiguration of company business models on creating social effects.  

The impact of the digital evolution of the business models of railway enterprises on the creation 
of social perspectives was evaluated in the research process. This is crucial for the development of 
this sector as well as the need to create new business models supporting rail transport, affecting issues 
such as rail transport safety, its efficiency, and the reliability of transport processes. This article 
consists of the following areas: Section 1 presents the theoretical context of digital transformation and 
the context of the digitalization of contemporary business. Section 2 introduces the problem of digital 
transformation of business models in the railway sector—key areas of transformation. Section 2 



Energies 2020, 13, 6445 4 of 20 

 

presents the social drivers of digitalization of business models of railway enterprises. In Section 3, 
the research methodology is described. Section 4 presents the results of research into the social aspects 
of digital evolution of the business models of railway enterprises. In Sections 5 and 6, discussions, 
conclusions and limitations are presented. In conclusion, future research which can be used for the 
development of the topic is signaled.  

2. Digital Reconfiguration of Business Models in the Railway Sector—Key Areas of 
Transformation and Social Drivers of the Digitalization of Business Models of Railway 
Enterprises  

Digital reconfiguration is a process experienced by many sectors of the economy and is now 
crucial to changes in the rail transport sector. The railway transport sector is traditional in terms of 
value chain construction. The main rail market entities include those in charge of maintenance, 
infrastructure managers, railway undertakings, certification bodies and bodies approving products 
and systems for operation, producers, and railway authorities. It is a complicated market from a legal 
perspective regarding the division of responsibilities of individual entities. The main problem faced 
by this sector in many countries is achieving competitiveness in relation to other branches of transport 
(road and air transport). In terms of legal conditions and the rules of competing in this sector, suitable 
business models of railway enterprises are established for them. Nowadays, the processes of 
reorganization in the railway sector and the opening of the railway market has changed 
meaningfully. Unbundling train operations and infrastructure railway transportation service 
provision is an important aspect in railway liberalization [52]. 

Based on a liberalization and harmonization approach in 1991 after 91/440 directives, 
unbundling was implemented in the railway sector. National railway reforms were implemented in 
European countries in accordance with railway packages [53]. The process of connecting the 
directives into a single piece of legislation began in 2010. The aim is to fulfil the requirements and 
assumptions of the Fourth Railway Package.  

There are several management models of rail transport development in Europe. Two key 
approaches can be distinguished, namely the separated model and integrated model. The Separated 
Model means the complete separation of rail transport services and railway infrastructure 
management into separate legal entities that are not legally and financially linked (United Kingdom, 
Sweden). The essence of this approach is the full separation of the functions of infrastructure 
managers and railway undertakings (Poland). The Integrated Model means a vertically integrated 
structure. It has the nature of a holding company where the railway infrastructure is managed by a 
legal entity which also includes transport companies in its structure (Germany, Italy, and Austria) 
[54]. 

The approaches presented create suitable business ecosystems, where there is space for 
designing business models in the background of roles and tasks assigned to various railway market 
actors. 

Sara Khayyam et al. [55] pay attention to extended business models in the railway sector as 
perceived by market players. Their proposed extended model combines the relationships between 
the Railway Operator, Infrastructure Manager, Electricity Market Operator, and Grid Owner and 
Energy Supplier. The business models of the railway sector can also be viewed in terms of their 
dynamics and key functions in connection with rail privatization, market liberalization, and 
centralization of management and integration. The impact of privatization and other structural 
changes on railways through business models is also considered. In this context, the following 
questions can be asked: 

• How do organizational changes shape the functioning of railway enterprises? 
• How to use knowledge to shape the forms and structures of railway enterprises? 
• How to create value in railway enterprises? [56].  
In terms of digital transformation, a business model is developing in the railways as a model of digital 
networks and artificial intelligence. The sources of innovative ideas in this area include market needs, 
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the requirements of the production process, the development of existing external knowledge, as well 
as scientific and non-scientific knowledge based on experiences from the railway business [57]. 

In this way, many managers of railway enterprises search for the means by which to increase 
the efficiency of business models through digitalization. Technologies such as the Internet of Things, 
Mobile Technologies, Big Data, Cloud Technology, Artificial Intelligence, and Robotics influence the 
transformation from a traditional approach to business to a digitalized one [58]. The phenomenon of 
the improvement of new alternatives in information technology has made it possible to task existing 
value chains with innovative and often essential business models [59]. Digitalization requires 
delivering information and the representation of value creation processes in automated form [60]. 
With the help of digital business models and processes, internal company communication can be 
developed [61]. The use of digital solutions in the highly technologically saturated railway sector 
creates significant possibilities for their application in the organizational, management and technical 
spheres. The operationalization of digitalization processes in the field of railway solutions includes 
delivering on the following objectives:  

• The digitalization of railways fosters better customer service and the availability of information 
on railway services. 

• It provides high reliability and better communication. 
• The use of Big Data on transport processes increases the attractiveness of the rail transport sector. 
• The use of the Internet of Things and European Rail Traffic Management System (ERTMS) 

implementation will increase the capacity of the railway system [62]. 

Five main trends in the digitalization of rail transport have been identified. The use of the 
Internet of Things, cloud computing, the analytics of large data sets, as well as automation on 
railways allow for the implementation of solutions tailored to the concept of Railway 4.0, such as: 

• the Connected Commuter, 
• Mobility as a service (MaaS), 
• Automatization and interoperability of traffic control systems (GoA4), 
• Predictive Maintenance as a Service (PMaas),  
• the Internet of Trains. 

Digital transformation in the railway sector is not so much the application of new technologies 
in the operational activities of undertakings and infrastructure managers, as well as entities 
producing for the railway. Rather it is a radical change in existing business models and philosophy, 
allowing for the shaping of added value for many participants in the transport process and 
contributing to the realization of new mobility concepts [63]. In addition, digitalization covers the 
areas of activity of railway enterprises, such as preventive maintenance service, crowd-sourcing, co-
development, electronic purchasing, data management systems, and others [64]. 

In shaping business models, digitalization means that not only are its social features observed, 
but they are also a key driver of the creation of value. In this respect, a new concept which is suitable 
for the business models of technology enterprises is servitization, a complex social phenomenon 
which dynamizes social factors in these companies [65]. Digital servitization concerns the use of 
digital tools for “the transformational processes whereby a company shifts from a product-centric to 
a service-centric business model and logic” [66]. The gradual shift from product-centered value 
propositions to complex product-service systems offerings, i.e., the servitization process, has led 
many production organizations to modify their business models and internal organization [67]. The 
conceptualization of servitization can be defined as a bottom-up and iterative process of business 
model contestation [68]. 

The platform approach and information modules are becoming the basis for new value 
propositions generated by manufacturers [69]. Generally, it is possible to define four unique 
servitizations which service network actors implement: customer co-creation, service extension, 
digitalization, and service benchmarking [70]. The factor responsible for shaping social relations 
within the concept of servitization is the creation of the servitization ecosystem, which ensures the 
management of diverse knowledge flows within the ecosystem [71]. The idea of servitization fits into 
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the aspects of creating social relations in railway enterprises which undergo digital transformation. 
The technological nature of technical infrastructure management processes for ensuring the 
continuity of the functioning of the railway system, including cooperation between infrastructure 
managers and railway undertakings and other railway service operators, shape the technical and 
organizational ecosystem whose consistency can be achieved by digitizing processes that create a 
logical model of cooperation within the same business ecosystem. An appropriate tool for describing 
social relationships in the case of complex ecosystems is the use of a blockmodel role structure [72].  

The implementation of digital solutions with the use of the servitization concept in the rail 
transport sector should help to improve the organization of individual business models, i.e., the entire 
railway ecosystem. 

To sum up, attention can also be paid to possible disadvantages and problems related to digital 
transformation. In semantic terms, there are many terms that introduce a great deal of confusion in 
terms of the uniform interpretations of individual concepts. For example: 

1. External Drivers of Digital Transformation–Digital Technology–Digital Competition–Digital 
Customer Behavior. 

2. Phases of Digital Transformation– Digitization–Digitalization–Digital Transformation. 
3. Strategic Imperatives of Digital Transformation–Digital Resources–Organizational Structure–

Growth Strategy–Metrics and Goals [73]. 

In technological and legal terms, a significant problem on a global scale is, of course, the 
provision of the proper cybersecurity of technical systems on which the architecture of digitalization 
processes is embedded. The advantage of railway systems is that they are usually closed technical 
systems in a hybrid approach, i.e., cyber – physical systems, where the possibility of a cyber-attack is 
much more difficult. Cyber – physical systems emerged as a branch of embedded systems research 
specifically focused on the interaction between the computational elements and the physical entities 
[74]. Many safety–critical systems, such as those used for railway control, are unreachable from the 
Internet but have technical equipment located in geographically distributed shelters and used for 
actuation, power, and telecommunications [75]. Possible terrorist attacks in the railway sector with 
the possibility of using IT solutions are also a problem. Thus, it is crucial to link the principles of 
technical and functional safety to the methods of digital transformation. The safety and security goals 
are now the input by means of which to derive functional safety and security requirements. In this 
phase, the interference analyses first have to be undertaken in order to identify their impact on each 
other [76]. 

3. Research Methodology 

As part of the scientific discussion, various research methods that may be applicable to the 
specificity of the research context which is the topic of discussion were verified by analyzing the 
specificity of the operation of the railway sector, including railway enterprises, in terms of the digital 
business models they use. The methods which may have the scientific potential to conduct proper 
scientific inference on a given research topic were taken into account. The analysis covered, inter alia, 
both the technological conditions of the railway sector and relevant research methodologies, as well 
as organizational and management conditions and the related research methodologies. The 
conducted synthesis indicated that the methods used in social sciences will be optimal solutions. 
Although the methods of discrete simulation are applicable to the analysis of transport systems, 
including the safety criterion, they were not applicable to the research. For example, the method of 
discrete research is aimed at obtaining information that will allow for the assessment of the 
correctness of the decision taken in any situation, at any time, while at the same time assessing the ex 
post and ex ante impacts. However, this method does not apply to the research questions and 
hypotheses posed. Therefore, an analysis of the linear relationship between the variables which 
determine the impact of social aspects on the determinants of digital business models was applied. 
The scientific goal of the research questions and hypotheses was to determine the statistical 
relationships between individual variables. In this approach, the dependent (response) variable in 
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the research model is the digital business model, while the independent (explanatory) variables are 
social perspectives described in the research hypotheses and referring to conditions specific to the 
rail transport sector. 

The goal of the research is to assess the impact of the digital conversion of the business models 
of railway enterprises on the creation of social effects. 

The research procedure covered [77]: 

1. Identifying a research topic and defining a research problem.  
2. Determining how to conduct research.  
3. Analyzing the literature on the subject of the railway transport sector, social perspectives of the 

digital economy, and the digital conversion of business models.  
4. Analyzing the development of the concept and defining the key components of a digital business 

model and the development of its main trends, taking strategic thinking into account.  
5. Identifying factors affecting the digital transformation of the business models of railway 

enterprises. 
6. Conducting quantitative research on a selected sample of railway enterprises in relation to their 

digital transformation.  
7. Collecting and analyzing data using statistical methods.  
8. Verifying research hypotheses and inferring conclusions based on research results. 
9. Writing a report.  

3.1. Research Hypotheses  

Five research hypotheses were formulated with reference to the research problem: 

Hypothesis 1 (H1). The digital transformation of the business models of railway enterprises enables the 
socialization of their business models. 

Hypothesis 2 (H2). The business models of railway enterprises increase the level of mutual integration 
through digital transformation.  

Hypothesis 3 (H3). Servitization affects the socialization of the business models of railway enterprises. 

Hypothesis 4 (H4). Process integration of railway enterprises increases the level of business model 
socialization. 

Hypothesis 5 (H5). The digitalization of the business models of railway enterprises increases the opportunities 
for the development of social factors. 

The research model is presented in Figure 1. 

 
Figure 1. Research model. 

3.2. Research Sample 

The research covered railway undertakings and infrastructure managers—all firms operating on 
the Polish market, amounting to 120 railway operators in total. The criteria for selecting enterprises, 
as well as their characteristics, were as follows: the range of activity, company size, and form of 
ownership. 

H1 H2 

H3 H4 

H5 

Criterion 4 Criterion 5 Criterion 3 

Criterion 1 Criterion 2 
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Most of the railway enterprises surveyed were enterprises with over 250 employees, which 
accounted for 48% of the sample. They were followed by 26% medium-sized enterprises (with 50–
249 employees) and 26% small enterprises (10–49 employees) (Figure 2a). There was no 
microenterprise on the list. Among the organizations surveyed, private enterprises were 
predominant (63% of the sample). The remainder were public enterprises (Figure 2b). 68% of 
enterprises operated domestically, and 32% were international enterprises (Figure 2c).  

 

   
(a) (b) (c)  

Figure 2. Basic data on the railway enterprises investigated. 

The article uses the method of selecting a research sample in the form of purposive sampling. 
Such units were selected for the sample so that they most accurately reflect the size and structure of 
the characteristics of the general population, i.e., railway market enterprises. This allows for valuable 
results that are difficult to obtain with random sampling. The essence of purposive sampling, and 
therefore non-random sampling, is the formulation of an unambiguous rule for creating a research 
sample, allowing for the selection of objects with predetermined characteristics. In such a situation, 
the selection of research units for the sample is not determined by chance (fate), but by a specific goal 
and set of object characteristics. Therefore, the use of purposive sampling of railway enterprises in 
the research is justified. 

As part of the study of the digital transformation of the business models of railway enterprises, 
five key criteria were identified. The specific issues addressed within the five key research areas 
covered the following issues: 

1. Digital transformation of the business models of railway enterprises. 
2. Possibilities of the development of social factors through digital transformation. 
3. Mutual process integration of railway enterprises through digital transformation. 
4. Servitization of railway enterprises.  
5. Socialization of the business models of railway enterprises. 

After the questionnaires were compiled, taking into account the above-defined criteria and sub-
criteria, they were sent to railway undertakings and infrastructure managers, who were asked to 
evaluate the criteria in relation to the functioning of their company and to complete them according 
the following scale (Table 1). 

Table 1. The scale used to evaluate the company in terms of sub-criteria. 

Scale 1 2 3 4 5 

Phrase I strongly 
disagree 

I somewhat 
disagree 

I neither agree nor 
disagree 

I somewhat 
agree 

I strongly 
agree 

0

5 5

9

0

2

4

6

8

10

Company size
12

7

0

2

4

6

8

10

12

private public

Form of ownership 

13

6

0
2
4
6
8

10
12
14

domestic international

Range of activity 
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Based on the designed research model, statistical relationships were calculated, namely, the 
correlation between the overall ratings obtained from firms within the criteria. The strength of 
correlation relationships is defined as 0.9–1.0—the relationship is practically complete, below 0.2—
weak correlation (practically no relationship). 

4. The Effects of Research into the Social Perspectives of the Digital Evolution of the Business 
Models of Railway Enterprises 

In order to investigate the extent to which data obtained on the basis of questions are compared 
across pairs of hypotheses, these relations were also presented in the form of scatter charts along with 
the trend functions adapted to them. The polynomial trend line was chosen as it is the closest fit to 
the data. A polynomial trend line is used if data values are both rising and falling. Trend lines, also 
known as lines of best fit or regression lines, graphically represent trends in data series and are 
commonly used when creating forecast charts. The number of data fluctuations can determine the 
degree of the polynomial. A second-order polynomial trend line has one maximum or minimum, 
while a third-order polynomial trend line has up to two maximums or minimums, and a fourth-order 
polynomial has up to three maximums or minimums. By selecting the option to display the equation 
and R-squared, we obtain the form of a regression equation and the R-squared statistic for a quick 
assessment. There is a non-linear relationship between the dependent variable and independent 
variable. The individual forms of the trend were selected based on the assessment of the point 
scattering corresponding to the results for the hypotheses presented in the Cartesian system. Thus, 
five graphs presenting relationships within the framework of the hypotheses were constructed 
(Figure 3). According to the hypotheses, the correlations between the pairs of variables were 
analyzed. The trend functions closest to the given points were assigned to them.  

  
(a) (b) 

  
(c) (d) 

 

y = 1.0097x3 − 11.054x2 + 39.542x −
41.807

R² = 0.6856
0
1
2
3
4
5
6

2 3 4 5

X5

X1

Hypothesis 1 – X1 to X5

y = 0.2223x3 − 2.5953x2 + 9.9266x − 8.4422
R² = 0.2458

0
1
2
3
4
5
6

2 3 4 5

X3

X1

Hypothesis 2 – X1 to X3

y = −0.3351x2 + 3.2841x − 3.3432
R² = 0.4138

0
1
2
3
4
5
6

2 3 4 5

X5

X4

Hypothesis 3 – X4 to X5

y = −1.7035x2 + 13.636x − 22.584
R² =0.5012

0
1
2
3
4
5
6

2 3 4 5

X5

X3

Hypothesis 4 – X3 to X5

y = 0.1467x3 − 1.6938x2 + 6.7247x − 5.1543
R² = 0.4719

0
1
2
3
4
5
6

2 3 4 5

X2

X1

Hypothesis 5 – X1 to X2
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(e) 
 

Figure 3. Relationships between variables within the framework of the hypotheses: (a) Hypothesis 
1—X1 to X5; (b) Hypothesis 2—X1 to X3; (c) Hypothesis 3—X4 to X5; (d) Hypothesis 4—X3 to X5; (e) 
Hypothesis 5—X1 to X2. 

Standard errors of the structural parameters were calculated for each function and presented in 
the table below together with their standard errors. The issue of whether the model explains the 
shaping of the dependent variable to a sufficiently high degree was also checked. This was done by 
means of measures of the model's compliance with empirical data, i.e., the coefficient of random 
variation, coefficient of convergence and the coefficient of determination (Table 2). 

Table 2. Trend functions for hypotheses and values of the coefficients of random variation, 
convergence, and determination. 

Hypothesis Trend Function 

Coefficient 
of Random 
Variation 

We 

Coefficient of 
Convergence 𝝋𝟐 

Coefficient of 
Determination 

R2 

1 
𝑋5 = − 41.81 + 39.54X1 − 11.05X12 + 1.01X13 
      (10.37)  (9.60)    (2.86)    (0.28) 14% 0.31 0.69 

2 
𝑋3 = − 8.44 + 9.93X1 − 2.60X12 + 0.22X13 
     (9.83)  (9.10)   (2.71)    (0.26)  14% 0.75 0.25 

3 
𝑋5 = − 3.34 + 3.28X4 − 0.34X42  
      (5.24)  (2.98)   (0.41)  19% 0.59 0.41 

4 
𝑋5 = − 22.58 + 13.64X3 − 1.70X32  
      (7.59)   (4.03)    (0.53)  17% 0.50 0.50 

5 
𝑋2 = − 5.15 + 6.72X1 − 1.69X12 + 0.15X13 
     (7.40)  (6.85)   (2.04)    (0.20)  11% 0.53 0.47 

 
The following formula was used to calculate the coefficient of random variation: 𝑊 =  𝑆𝑌 ∙ 100%, (1)

This coefficient shows what part of the arithmetic mean of the dependent variable of the models 
constitutes the standard deviation of the rest. The lower the value of this coefficient, the better the fit. 
The lowest value was shown for Hypothesis 5—The digitalization of the business models of railway 
enterprises increases the opportunities for the development of social factors, amounting to 11%, 
which means that it was good to adjust the models to the empirical data. The coefficient of random 
variation We had the highest value in the case of Hypothesis 3, in which the issue of whether 
servitization affects the socialization of the business models of railway organizations was examined—
it amounted to 19%. If the critical value of the coefficient of random variation W* at the level of 15% 
was assumed in advance, it means that in three cases We ≤ W*, which means that the model is 
considered to be sufficiently fitted to the empirical data. For hypotheses 3 and 4, the fit is considered 
too weak because the value of We is 19% and 17%, respectively. 

The coefficient of convergence is expressed by the formula: 𝜑 =  ∑ 𝑒∑ (𝑌 − 𝑌)     , (2)

and indicates what portion of the total variation of the dependent variable is not explained by the 
model. It has values in the range [0; 1]. In the case of the coefficient of convergence 𝜑  there was 
huge variation, because the highest value occurred in the case of Hypothesis 2 (The business models 
of railway enterprises increase the level of mutual integration through digital transformation)—0.75, 
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and the lowest for Hypothesis 1 (The digital transformation of the business models of railway 
enterprises enables the socialization of their business models)—0.31. The better the fit of the model 
to the data, the closer the coefficient 𝜑  is to zero. The fit of the models presented varies from high 
(𝜑 = 0.31) to low (𝜑 = 0.75). 

The R2 coefficient of determination was calculated, which says what part of the total variation of 
the dependent variable is determined by independent variables. It is expressed as 

𝑅 =  ∑ 𝑌 − 𝑌∑ (𝑌 − 𝑌)    , (3)

The coefficient of determination R2 was calculated as the squared values of correlations. In order 
to determine a better fit within the hypotheses, the trend functions were exponential functions to the 
power of three. For each of the trend functions, standard errors of their structural parameter were 
calculated. The coefficient of random variation, coefficient of convergence, and coefficient of 
determination were calculated in order to check whether the model explains the development of the 
dependent variable to a sufficiently high degree. The better the fit, is the closer to one the coefficient. 
The best fit occurred for the function for Hypothesis 1 (The digital transformation of the business 
models of railway enterprises enables the socialization of their business models), where the value of 
the coefficient of determination was 𝑅 = 0.69. The least-fitting function was the trend function for 
Hypothesis 2 (The business models of railway enterprises increase the level of mutual integration 
through digital transformation), where 𝑅  = 0.25. Negative correlation does not occur. 

The following relationship takes place between the coefficient of convergence and the coefficient 
of determination: 𝜑 + 𝑅 = 1, (4)

By contrast, the square root of R2 coefficient of determination is the coefficient of multiple 
correlation. The decision was made to check the hypothesis pertaining to the significance of the 
coefficient of multiple correlation in order to check whether the fit between the model and the 
empirical data was sufficiently large. This statistic has a F Fisher–Snedecor distribution of m1 = k and 
m2 = n−k− degrees of freedom. This was verified using statistics: 𝐹 =   ∙   , (5) 

The critical value F* was read from the F test tables at the given significance level γ = 0.05 and degrees 
of freedom m1 and m2 (Table 3).  

Table 3. Values of F statistics for the hypotheses. 

Hypothesis Coefficient of 
Determination R2 

Values of F 
Statistics 

Critical 
Value F* 

Conclusion 

2 0.25 1.63 3.29 

F < F*, the coefficient of multiple 
correlation is insignificantly 
different from zero, and the fit of 
the model to the data is too weak. 

1 0.69 10.91 3.29 F > F*, the coefficient of multiple 
correlation is significant and the 
fit of the model to the data is 
sufficiently high. 

3 0.41 5.65 3.63 

4 0.50 8.04 3.63 

5 0.47 4.47 3.29 
 

The value of F statistics in most cases was F > F*, which means that multiple correlation 
coefficients were significant, and the degree of fit of the model to the data was sufficiently high. For 
hypothesis 2, the coefficient of multiple correlation was insignificantly different from zero (F < F*). 
The fit of the model to the data was too small. 
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The meaning of the structural parameters α1, α2, α3 of econometric models was calculated to 
check whether the independent variables significantly affect the dependent variables. It used the 
formula: 𝐼 =  |𝑎 |𝑆(𝑎 ), (6)

where ai is the value of the structural parameter evaluation, and S(ai)—the standard error of the 
structural parameter estimation. From the t-Student's test tables, the critical value I* was read with 
the assumed significance level γ = 0.10 and for n−k−1 degrees of freedom. The empirical values of t-
Student's statistics corresponding to individual structural parameters were calculated (Table 4). 

Table 4. Values of t-Student's statistics for the hypotheses. 

Hypothesis 
Value of Ii 
Statistics 

Critical 
Value I* Conclusion 

1 
I1 = 4.119 
I2 = 3.860 
I3 = 3.650 

1.753 
The ai parameter differs significantly from zero and 
the independent variable X1 has a significant 
influence on the dependent variable X5. 

2 
I1 = 1.091 
I2 = 0.956 
I3 = 0.848 

1.753 
The ai structural parameter differs insignificantly from 
zero, and the independent variable X1 does not 
significantly influence the dependent variable X3. 

3 
I1 = 1.102 
I2 = 0.809 1.746 

The ai structural parameter differs insignificantly from 
zero, and the independent variable X4 does not 
significantly influence the dependent variable X5. 

4 
I1 = 3.385 
I2 = 3.235 1.746 

The ai parameter differs significantly from zero and 
the independent variable X3 has a significant 
influence on the dependent variable X5. 

5 
I1 = 0.982 
I2 = 0.829 
I3 = 0.743 

1.753 
The ai structural parameter differs insignificantly from 
zero, and the independent variable X1 does not 
significantly influence the dependent variable X2 

 
In only two cases the ai structural parameters differ significantly from zero and the independent 

variable significantly affects the dependent variable:  

• Hypothesis 1: The digital transformation of the business models of railway enterprises enables 
the socialization of their business models  

• Hypothesis 4: Process integration of railway enterprises increases the level of business model 
socialization. 

Considering that, out of 10 infrastructure managers and 110 railway enterprises, 19 responses to 
the questionnaires sent were received, the decision was made to determine the necessary number of 
independent measurements for the sample, which should be conducted so that with a confidence 
interval of 0.95, the estimated rating of “5. The socialization of the business models of railway 
enterprises” was with a maximum error of 0.45 points, if the preliminary sample of 19 responses gave 
results similar to those of X5. This was calculated using the following formula: 𝑛 =  𝑡 𝑠𝑑   , (7)

The variance for data was s2 = 0.8137, the standard error was d = 0.45, the significance level was set at 
γ = 0.05, and 19 tests were conducted, so m = 18. From the t-Student distribution, the parameter tγ = 
2.101. 

n = 17.74 ≈ 18, (8)
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This means that a suitable number of completed survey questionnaires were received. The 
studied sample is representative (for the population of infrastructure managers and railway 
undertakings—10 infrastructure managers and 110 railway undertakings), which allows for the 
generalization of the conclusions from the study of this sample to the entire population. Based on the 
statistical inference from the sample considered representative, the research results can be 
generalized. The adopted representativeness assumes that, apart from the variables on the basis of 
which the researcher selected the respondents for the research, there are no other significant variables 
that could affect the results obtained in the sample. It gives results similar to those which we could 
expect of the entire population if it were tested, which allows for the generalization of conclusions 
from the research sample to the entire population. In other words, it is a miniature of the surveyed 
population that reflects its most important features, because the size of the entire railway sector in 
Poland is known to amount to 120 enterprises. 

The confidence intervals for the mean of the data obtained were calculated, which allowed for 
the estimation of the probable interval where the mean is located, with the assumption that the 
variance of the population is unknown. The following interval was used to estimate the confidence 
interval, because it was assumed that n <30: 𝑋 − 𝑡 , 𝑠𝑛 , 𝑋 + 𝑡 , 𝑠𝑛 , (9)

where 𝑋—the mean of the sample, 
tα,n−1—distribution function of t-Student's distribution for the significance level α and n-1 degrees of 
freedom, 𝑠 =  ∑ (𝑋 − 𝑋) —variance calculated from the sample, 
n—sample size. 

The following confidence intervals were received (Table 5). 

Table 5. Confidence interval for the mean. 

Variables X1 X2 X3 X4 X5 
Confidence interval for 

the mean (3.18; 3.83) (3.60; 4.09) (3.63; 4.18) (3.49; 4.13) (3.72; 4.62) 

 
The middle values for this ranges indicate that the highest value is expected for the answer to 

criterion 5 (Socialization of the business models of railway enterprises) from the range (3.72; 4.62). 
The lowest-rated issues were in criterion 1 (Digital transformation of the business models of railway 
enterprises) in the range (3.18; 3.83). 

The consistency of the scale was verified thanks to Cronbach’s Alpha, which takes values 
ranging from [0; 1]. A reading of α > 0.7 is testament to the high reliability of the scale. 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 from the following 
formula: 𝛼 =  𝐾𝐾 − 1 1 − ∑ 𝜎𝜎 , (10)

where 

K—number of questions,  𝜎 —variance for the responses that were obtained for a question i, 𝜎 —variance from the sum of responses to all the questions for individual firms,  
Questioni—responses obtained for individual questions by all the firms. 
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The value of Cronbach’s Alpha was 0.90. The greater the reliability of the scale, the higher the 
value of the coefficient α. As such, the reliability of this study is very high.  

The values of correlation between individual criteria obtained in the context of the research 
hypotheses as part of the adopted research model are presented in Figure 4. 
 

 

Figure 4. Graphical presentation of hypotheses together with values of correlation between the 
examined variables. 

The highest level of correlation was achieved between the digitalization of the business models 
of railway enterprises and the possibilities of the development of social factors (0.64) and for the 
relationship between the servitization of railway enterprises and the socialization of the business 
models of railway enterprises (0.62). This means that social factors play a key role in the process of 
the digital transformation of the business models of railway enterprises. A low level of correlation 
was achieved in the relationship between the digital transformation of the business models of railway 
enterprises and the mutual process integration of railway enterprises through digital transformation. 
This result does not prove the importance of digitalization, namely its impact on improving the 
operational activity of companies. This result is astonishing, especially in the context of railway 
enterprises operating on one platform constituting a technical ecosystem, i, a track system where 
mutual dependencies in the relationships between infrastructure managers and railway 
undertakings and between companies should be based on digital solutions. This result is probably 
due to the still insufficient level of technological progress of railway operators on the Polish market. 
Similarly, a weak level of correlation occurs between the mutual process integration of railway 
enterprises through digital transformation and the socialization of the business models of railway 
enterprises. It seems right to say that in the future, as the level of digitalization and implementation 
of modern technologies increases, the level of correlation between these variables should increase as 
well. 

5. Discussion 

The model of scientific research presented in the article was used to assess the impact of social 
factors on the digital reconfiguration of the business models of railway enterprises. Social factors are 
an important result of the digital transformation of enterprises operating in the railway sector. The 
research goals are in line with the modern trend of building the digital identities of high-tech sectors 
of the economy, including rail transport. Business models play a key role in railway enterprises. This 
is especially important at a time when the digital transformation related to both the organizational 
and technological aspects of operating railway enterprises, especially railway undertakings and 
infrastructure managers, is gaining importance. Digitalization in these enterprises is related to the 
technical systems they use and their architecture. Such an approach shapes the image of a railway 
enterprise as a high reliability organization with a high level of effectiveness. Digitalization facilitates 
the development of these enterprises, generating social impact, the recipients of which are various 
stakeholders of railway enterprises. For such assumptions, research hypotheses were developed and 
positively verified. The level of correlation between the defined variables ranges from moderate (H1, 
H2, H4 hypotheses) to high correlations (H3, H5 hypotheses). 

0.49 0.33 

0.62 0.39 

0.64 

Criterion 4 Criterion 5 Criterion 3 

Criterion 1 Criterion 2 
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The observation and analysis of business models in the rail transport sector is currently under 
pressure to adapt technology to standardize interfaces between different devices. This is the purpose 
of the digitalization of technology and business models. Factors relevant to digitalization are 
noticeable in the context of technological, organizational, and operational development. The aspects 
of the digital economy will therefore be the determinant of the design and implementation of digital 
business models in this sector.  

A departure from analog solutions in favor of the digital economy, along with ensuring the 
standardization of the interface between devices, can be observed. This is vitally important in the 
technology–organization role of the human factor relationship. The issue of safety plays a leading 
role in this context. The article refers to the aspect of cybersecurity in terms of system security 
measures aimed at ensuring the proper operation of technical systems, primarily in the context of the 
ability of railway enterprises to provide railway services (railway undertakings) and to manage 
railway traffic along with railway infrastructure (infrastructure managers). It should be noted that 
the basic parameter which describes the specificity of the railway sector, and thus its business models, 
is railway traffic safety, which is a social expectation resulting directly from the feeling of a state of 
no hazards. It is therefore of a social nature and must be embedded in the digital business models of 
railway enterprises. The key issue is cybersecurity, which is a priority in many companies in the era 
of the digitalization of the economy. The implemented digital solutions improve railway traffic 
safety. Ensuring the expected level of safety in rail transport is a key determinant of the business 
models of these enterprises. Railway traffic safety increases the chances of increasing trust and 
improving relationships with stakeholders. The improvement of the quality of machine–machine, 
human–machine and human–human interfaces is essential for social impact. Moreover, digital 
solutions are used to create positive relationships with suppliers/partners. Social capital is built by 
railway market participants. Digital solutions support the use of social effects (economy, ecology, 
and ethics) and improve the effectiveness of processes. It should also be noted that digital solutions 
contribute to improving the ability to cooperate within the organizational and technical solutions of 
the railway ecosystem. Railway enterprises build cooperation platforms using digital technologies. 
Research shows that railway enterprises use digital solutions that perfectly match the solutions of 
other companies in this sector. They use solutions based on the shift from a product/service-oriented 
model to a service-oriented business model. 

The organizations analyzed in this study are adapting their business models in a bottom-up and 
iterative manner. They create business models which co-create value with customers. This is 
important when it comes to identifying quality attributes relevant to the processes of transportation 
of goods and people. An important element of the business models of railway enterprises is trust 
between business partners, built by designing a network of values involving all actors in the railway 
market (including positive social impact). 

6. Conclusions 

Based on the conducted research related to the attempt to evaluate the relationship between 
social factors and the processes of digital transformation of the business models of railway 
enterprises, a series of conclusions were reached in order to identify the assumptions of the theory in 
this respect. 

1. The digital transformation of the business models of railway enterprises increases the 
opportunities for the development of social factors. 

2. The business models of railway enterprises increase the level of mutual integration through 
digital transformation. 

3. Servitization affects the socialization of the business models of railway enterprises. 
4. The process integration of railway enterprises contributes to an increased level of business 

model socialization. 
5. The effective digital transformation of the business models of railway enterprises is possible. 

Social factors play a crucial role in this development. 
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Solutions that are used by railway enterprises and have an impact on the configuration and 
operationalization of their business models include the concept of the Connected Commuter, a 
Predictive Maintenance as a Service (PMaas), Mobility as a service (MaasS), the automatization and 
interoperability of traffic control systems, the concept of the Internet of Trains, railway traffic 
automation, and the concept of cloud computing. 

The conditions of the railway sector determine the approach to the digitalization of the business 
models of these firms. Technological perspectives and relational determinants related to the strong 
mutual cooperation required between railway enterprises and infrastructure managers have 
particular significance in this context. In this approach, the digitalization of processes is important. 
The approach also significantly reveals the development of the socialization of business models, 
which is conceptualized and operationalized through the development of social factors based on 
digital transformation. In recapping the research results, the next directions of research in this area 
have been indicated. They may contain: 

• The determinants of the servitization process and its impact on the improvement of digital 
features of the business models of railway enterprises.  

• Further exploration of social aspects of the digital transformation process of business models, 
especially in terms of the complementarity of processes implemented by infrastructure 
managers and railway undertakings.  

• The development of specialized technologies and solutions suitable for railway transport and 
their impact on managing the processes of the digitalization of the business models of these 
organizations. 

The proposals presented do not fully cover the complexity of the study of the processes in 
question. Further requirements in this area may be revealed in the course of further research. 

To summarize the research results, possible other research in a similar scope should be referred 
to. It can be concluded that such an approach to the social perspective in the context of the digital 
business models of railway enterprises has been poorly explored so far. There is not a great deal of 
research into the development of digital business models, in particular considered in terms of social 
criteria. Hence, this topic seems to be very important and necessary for appropriate scientific 
inference. 

Limitations which should be first indicated include the conditions of the railway sector, the 
specificity of which determines the approach of the sector to the course of digitalization of the 
business model, which is based on the strong impact of technological factors. Because the railway 
system is closed, the cooperation platform between infrastructure managers and railway 
undertakings strongly depends on legal features, which significantly affects the shape of the business 
models they use. The survey questionnaires were filled in by the representatives of the key 
management personnel of the enterprises surveyed, which should not be a limitation when it comes 
to drawing conclusions. The early phase of digital technology development in Poland can also be a 
limiting factor in drawing conclusions. Therefore, it would seem reasonable to repeat this study in 
the near future. 

Thus, it is possible to define specific restrictions for certain enterprises in the railway sector and 
restrictions for enterprises in other sectors in general. Currently, the railway sector functions in the 
form of a hybrid approach. This means that digital factors are increasingly developing, but in many 
areas, activities are conducted in analog terms. This is a significant limitation. In addition, the social 
aspect plays an increasingly important role in the railway sector, but different countries have 
different experiences in this respect in technological, organizational, and social terms. In terms of 
general limitations, it should be noted that each sector determines individual features and attributes. 
In view of the above, it is worth interpreting it in a dimension relevant to the sectoral conditions of 
other areas of science and practice. 

Summing up the scientific discussion, reference should be made to the contribution of the article 
and the obtained results to scientific knowledge in the field of management and quality sciences. The 
authors believe that this topic is of particular importance for the development of the railway sector, 
both from the social perspective and from the perspective of digital transformation. This approach 
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allows for the combination of technological, managerial and social needs into one comprehensive 
approach that allows enterprises from the entire railway sector to open up to many cognitive spaces. 
What is important is that shaping the digital business models of the railway enterprises requires a 
new perspective, the result of which is social aspects both in the dimension of sectoral conditions 
suitable for a high reliability organization with a high level of effectiveness, and the values 
themselves in the social dimension. This can be a strong platform for further scientific exploration in 
this important scientific area. 
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