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Abstract: Digital servitization changes the way in which manufacturing firms offer their traditional products. Digital services support manufacturing firms to transform their 
product-oriented business models to service-oriented business models. Additionally, digital servitization affects manufacturing firms to offer digital solutions for their 
customers. According to this influence, the manufacturing firms change their ecosystems with the transition from product-oriented services to digital solutions. This paper 
investigates the ecosystem transformation of manufacturing firms. The current dataset includes 690 observations of manufacturing firms from the Republic of Serbia in the 
period of five years. The trend of the use of digital services in manufacturing firms was evaluated using a Social Network Analysis. The empirical results indicate that 
manufacturing firms from transition economies increased the use of digital services by 20% from 2015 to 2020. 
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1 INTRODUCTION 
 

The first evidence from 2007 in the global research on 
the application of servitization shows the different use of 
traditional services between transition and developed 
economies [1]. Moreover, previous research shows that 
countries that based their economy on pure manufacture 
had lower opportunities to apply advanced services along 
with products [1]. However, the second evidence from 
2011 shows that some of the transition economies in this 
period (i.e. China) made the biggest progress in the 
application of servitization in manufacturing firms [1]. 
China made the growth of 20% in the period of four years 
in the implementation of servitization in the manufacturing 
firms [2]. These changes influence the existence of new 
business models for manufacturing firms which results in 
higher GDP [2]. After ten years, we can see that China is 
transformed from transition to the developed economy by 
the implementation of innovation in the ecosystems of their 
manufacturing firms [2]. Moreover, China is an example of 
how to implement the successful transformation of 
manufacturing firms in the era of Industry 4.0 [3]. These 
results are reflected in the last global evidence of the 
servitization application, which shows that transition 
economies from previous research (i.e. China and Brazil) 
now are on the list of developed economies with 39% of 
servitised firms in China and 26% of servitised firms in 
Brazil [4]. On the other side, the leaders in the application 
of servitization between developed countries during the 
years are the USA, Australia, and the UK [4]. Different 
from the transition economies ten years ago, today's 
transition economies strive to successfully implement 
servitization with the help of digital technologies [5, 6]. 
Unfortunately, the level of the use of services in 
manufacturing firms from transition economies today (i.e. 
Republic of Serbia) is on the level of developed economies 
ten years ago [5, 1]. Furthermore, the Republic of Serbia is 
in a similar situation as China in 2011, when China based 
its manufacture only on pure products [2, 7]. Additionally, 
the level of the application of Industry 4.0 concepts is on a 
low level in the transition economies [6, 7]. The low 
application of digital technologies is one of the main 
obstacles to the successful implementation of digital 
services in manufacturing firms [3]. However, the research 
from developed economies shows many positive examples 

between manufacturing firms in how they implement 
digital servitization [8, 9]. The successful implementation 
of digital servitization results in positive financial 
implications, which increase firm competitiveness and 
performance [10]. The application of digital technologies 
enables manufacturing firms to offer new digital solutions 
for their customers [11, 12]. Far from developed 
economies, research in developing countries has measured 
only the impact of digital servitization on firms' 
performance, while the role of traditional and digital 
services in manufacturing ecosystems remains neglected 
[5, 6]. It remains unclear how small transition economies 
can achieve the level of servitization of developed 
countries.  
 

 
Figure 1 Model for evaluation of traditional and digital services in 

manufacturing firms 
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Furthermore, the strategic view of the implementation 
of digital servitization in transition economies still 
neglected [13]. This gap in the literature makes a 
misunderstanding in the way how the transition economies 
could become a part of the value chain of developed 
economies. Accordingly, the aim of this paper is to 
investigate which traditional and digital services make the 
highest impact on the ecosystem of manufacturing firms.  

Therefore, this brings the following research 
questions: 
 RQ1: Which traditional services make the highest 
effect on the ecosystem of manufacturing firms? 
 RQ2: Which digital services make the highest effect 
on the ecosystem of manufacturing firms? 

According to the needs, problem, and aim of the 
research, the authors developed the model for the 
evaluation of traditional and digital services. Fig. 1 depicts 
the evaluation process, research methods, and data 
analysis. 

The manuscript is structured as follows: Section 2 
presents the literature background.  Section 3 describes the 
sample, data collection, and social network analysis 
method. Section 4 presents the empirical results of the 
research. In addition, section 5 summarises practical and 
theoretical implications.  Finally, section 6 depicts the 
conclusions with their limitations and suggestions for 
further research. 
 
2 LITERATURE REVIEW 
 

Digital servitization is the application of digital 
technologies in the traditional offers of product-related 
services [11]. Product-related services are traditional 
services that are offered by manufacturing firms along with 
products. [14]. Furthermore, the Tukker model of 
transformation of product-service systems shows three 
service orientations: product-oriented, use-oriented, and 
results-oriented [14]. According to this classification, 
digital services represent the last step in the transformation 
of manufacturing firms [6, 5]. Digital services enable 
manufacturing firms to offer digital solutions for their 
customers [6, 8] while digital solutions enable 
manufacturing firms to create a competitive advantage in 
the marketplace [15]. However, many manufacturing firms 
from transition economies still do not understand the 
mechanisms for the implementation of digital servitization 
[16]. The research of maturity model shows customer 
experience, strategy, business processes, organization, and 
culture as the main components of successful 
implementation of digital servitization [16]. Additionally, 
researches present the existence of the digital ecosystems 
of manufacturing firms as a necessary prerequisite for a 
successful application of digital services [17]. The 
application of digital services requires the connection 
between the central organization of firms and service 
departments [17]. The management of the firms needs to 
encourage the digitalization process in a way to enable 
service departments to involve software platforms in their 
business [17]. Moreover, research shows that 
manufacturing firms need to have an IT department that 
would be in interaction with production managers to enable 
digital solutions for customers [18]. Digital technologies 
such as big-data analysis, augmented or virtual reality, and 

artificial intelligence, are technologies that transform 
traditional to advanced digital services [7, 15, 17]. With 
these technologies, the management of manufacturing 
firms could produce new knowledge, skills, and tools about 
digital servitization [19]. The understanding of digital 
competencies is necessary for the ecosystems of 
manufacturing firms [9, 19]. The knowledge, skills, and 
attitudes about digital servitization are the main difference 
between more or less successful firms [4]. Furthermore, the 
management of manufacturing firms from developed 
economies is aware of the importance of digital 
servitization for manufacturing firms [8]. Developed 
economies transform their manufacturing sector according 
to the concepts of Industry 4.0 [8]. Unlike developed 
economies, the transition economies do not understand the 
importance of the Industry 4.0 concepts for manufacturing 
firms [8]. This misunderstanding of the concepts of 
Industry 4.0 prevents firms from transition economies to 
develop a strategy for digital servitization [6, 17]. 
Accordingly, there are no reasons why some 
manufacturing firms from transition economies use certain 
services [7]. Therefore, the success of the implementation 
of digital servitization is not on the sector strategy level but 
on the individual firm level, without the existence of 
ecosystems [15, 4]. These shortcomings are the reason why 
developed economies achieve better results in the 
implementation of digital servitization than transition 
economies [13]. Moreover, the comparative analysis 
shows that manufacturing firms from developed 
economies have a higher impact on financial performance 
than firms from transition economies [15, 20]. 
Additionally, findings show that firms without 
servitization strategy are on the brink of increased 
bankruptcy risks for the firm [13]. Hence, the ecosystem of 
the manufacturing firms has appeared to have an important 
possibility for controlling the risk consequences in the 
service and digital transformation of the firm [13]. The 
previous research shows that digital platforms for 
production service systems should be introduced to 
overcome these barriers [21]. The digital platforms 
approach supports the reducing cost for manufacturing 
firms in transition economies [21]. The existence of digital 
platforms and ecosystems is necessary for firms from 
transition economies to be part of the value chains of 
developed economies [18, 27]. Therefore, research from 
China in 2007 could serve as a guide to the successful 
implementation of innovation through servitization [3]. 
Moreover, the influence from the government of transition 
economies is necessary to raise awareness of the 
importance of digital servitization for both the company 
and the economy of the country [16, 21]. According to this 
background, the study examines the most important 
traditional and digital services in the firm's networks. 
 
3 METHODOLOGY 
3.1 Sample and Data Collection 
 

The data for this research were collected from the 
manufacturing sector of the Republic of Serbia through the 
European Manufacturing Survey [22], coordinated by the 
Fraunhofer ISI from Germany. According to the aim of this 
research, the manufacturing sector of the Republic of 
Serbia is chosen for the population to represent the 
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transition economies. The sample was obtained by the 
method of determining the stratified sample in relation to 
the industrial sector, the size of the company, and the 
district in the Republic of Serbia. The research was 
conducted within manufacturing firms with at least 20 
employees. Respondents during the research were 
production managers. The response rate was about 34%. 
Tab. 1 shows the firm size. 
 

Table 1 Distribution of sample by firm size 

Firm size n % 

20 to 49 employees 266 38.6 

50 to 249 employees 318 46.1 

250 and more employees 106 15.4 

 
Approximately 38.6% of the firms in the sample are 

small, having between 20 and 49 employees, while the 
other 46.1% of the firms have between 50 and 249 
employees, and 15.4% more than 250 employees. Tab. 2 
depicts the sample by industry. 

The largest industries in the sample are the 
manufacture of food products (NACE 10) with 17.3%, 
followed by the production of fabricated metal products, 
except machinery and equipment (NACE 25) with 10.9%, 
and the manufacture of machinery and equipment n.e.c. 
(NACE 28) with 7.1%. 
 

Table 2 Distribution of sample by industry 

Manufacturing industry Share on total sample 

Manufacture of food products 17.3% 

Manufacture of fabricated metal products, 
except machinery and equipment 

10.9% 

Manufacture of machinery and equipment 
n.e.c 

7.1% 

Manufacture of rubber and plastic products 6.6% 

Manufacture of electrical equipment 6.4% 

Manufacture of wood and of products of wood 
and cork 

5.1% 

Manufacture of other non-metallic mineral 
products 

4.8% 

Manufacture of motor vehicles, trailers and 
semi-trailers 

4.7% 

Manufacture of textiles 4.2% 

Others 32.9% 

 
3.2 Data Analysis 
 

For data analysis, Social Network Analysis (SNA) method 
was used [23, 24]. According to the previous researches which 
show that existence of ecosystems is a prerequisite for 
application of digital servitization, this research applies 
network analysis. SNA is the analysis which measures 
relations between actors in the networks (i.e. the use of 
traditional and digital services in the manufacturing firms) 
[25]. The descriptive statistics uses only the mean value of the 
use, while SNA method measures relations between firms in 
the ecosystems. In this research, SNA shows the ecosystem of 
manufacturing firms in transition economies (i.e. Republic of 
Serbia). The network shows the influence between 
manufacturing sectors in the way how firms use traditional and 
digital services.  SNA method was often used by researchers 

in social sciences [23]. However, in the last decade, SNA starts 
to be used in the research of manufacturing such as logistics, 
service business models, cloud production, and others. For the 
data visualization, graphs were used (see Fig. 2 to Fig. 6), and 
for the rank of traditional and digital services, eigenvector was 
used (see Tab. 3, Tab. 4). On the graphs, industry sectors are 
presented with red circles according to NACE Rev 2.2 
classification. With the blue squares, authors labelled 
traditional and digital services with a combination of letters 
and numbers ranging from TU1 to TU8 and from DU1 to DU5 
where the traditional services correspond to the following: 
TU1 - Installation, start-up, TU2 - Maintenance and repair, 
TU3 - Training, TU4 - Remote support for clients, TU5 - 
Design, consulting, project planning, TU6 - Software 
development, TU7 - Revamping or modernization, and TU8 - 
Take-back services. Digital services correspond to the 
following: DU1 - Web-based offers for product utilization, 
DU2 - Web-based services for customized product 
configuration or product design, DU3 - Digital (remote) 
monitoring of operating status, DU4 - Mobile devices for 
diagnosis, repair or consultancy, and DU5 - Data-based 
services based on big data analysis. Additionally, in the 
networks authors take value 0 in case there is no network tie 
between manufacturing firms and use of services, and take 
value 1 where there is the network tie between manufacturing 
firms and use of traditional or digital services. These values 
are input for the eigenvector analysis of the ecosystem of 
manufacturing firms from the Republic of Serbia. 
 
4 RESULTS 
 

First, using the SNA method via graphs, the authors 
presented the use of traditional and digital services in the 
manufacturing sector of the Republic of Serbia between 
2015 and 2020. Fig. 2, Fig. 3, and Fig. 4 present the use of 
traditional services in the manufacturing firms. 

According to the presented graphs and the use of 
traditional services in manufacturing firms, Tab. 3 will 
present the eigenvector value for services in the period 
from 2015 to 2020.  Tab. 3 shows that manufacturing firms 
made the biggest growth in the use of revamping and 
modernization from 2015 to 2020. On the other hand, firms 
make the biggest drop in the use of software development. 
All other traditional services make some oscillation but 
similar effect on the ecosystems of manufacturing firms. 
Fig. 5 and Fig. 6 present the use of digital services in 
manufacturing firms. 
 

Table 3 Results of eigenvector for traditional services 
List of services Eigenvector 

2015 
Eigenvector 

2018 
Eigenvector 

2020 
TU1 0.422 0.398 0.421 
TU2 0.506 0.488 0.442 
TU3 0.459 0.480 0.406 
TU4 0.446 0.271 0.330 
TU5 0.168 0.476 0.327 
TU6 0.199 0.122 0.081 
TU7 0.206 0.204 0.451 
TU8 0.215 0.129 0.193 

 
According to the presented graphs of the use of digital 

services in manufacturing firms, Tab. 4 presents the 
eigenvector value for services in the period from 2018 to 
2020. 
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Figure 2 The use of traditional services in the manufacturing sector in 2015 

 

 
Figure 3 The use of traditional services in the manufacturing sector in 2018 

 

 
Figure 4 The use of traditional services in the manufacturing sector in 2020 
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Figure 5 The use of digital services in the manufacturing sector in 2018 

 
Table 4 Results of eigenvector for digital services 

List of services Eigenvector 2018 Eigenvector 2020 
DU1 0.528 0.667 
DU2 0.695 0.495 
DU3 0.400 0.449 
DU4 0.269 0.254 
DU5 0.073 0.208 

 
Tab. 4 shows that manufacturing firms make the 

biggest growth in the use of digital services based on big-

data analysis, with eigenvector increase from 0.073 to 
0.208 and the growth of about 300%. All other digital 
services make some oscillation in the eigenvector value but 
with a similar effect on the ecosystems of manufacturing 
firms. Moreover, the results from the last two years show 
that the use of digital services has made big progress 
according to the situation from 2015 when they were used 
only by some firms. 

 

 
Figure 6 The use of digital services in the manufacturing sector in 2020 

 
5 DISCUSSION 
5.1 Theoretical Implications 
 

From a theoretical perspective, the research confirms 
previous findings, which show the increase in the use of 
traditional and digital services in manufacturing firms [4]. 
Moreover, the results show that digital services make a 
higher increase rate than traditional services in 
manufacturing firms. These results confirm findings that 
show the transformation from product-service systems to 
the digitalized product-service systems [27]. For RQ1 
(Which traditional services make the highest effect on the 

ecosystem of manufacturing firms?), Fig. 2, Fig. 3, Fig. 4 
show that revamping or modernization make the biggest 
progress in the use of traditional services by manufacturing 
firms. Furthermore, these findings show that services such 
as installation, start-up, maintenance, and repair, training, 
and revamping or modernization of products have the 
highest effect on the ecosystems of manufacturing firms. 
These results confirm that services that are based on 
product characteristics have a key role in the 
manufacturing firms from transition economies [13, 12]. 
On the other side, software development that is not related 
to product characteristics has the highest drop in the use of 
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traditional services by manufacturing firms. This confirms 
that firms from transition economies are not aware of the 
use of services that are not related to the product 
characteristics [5]. 

For RQ2 (Which digital services make the highest 
effect on the ecosystem of manufacturing firms?), Fig. 5 
and Fig. 6 show that digital services based on big-data 
analysis make the biggest progress in the use by 
manufacturing firms. These results confirm the previous 
findings, which show that digital technologies are the 
triggers for the digital transformation of manufacturing 
firms [26-28]. Furthermore, the results show that web-
based offers for product utilization, web-based services for 
customized product configuration or product design, and 
digital monitoring of operating status have the highest 
effect on the manufacturing firms from transition 
economies. These findings confirm that digital services, 
which are related to product characteristics, have a higher 
effect than services that are not related to product 
characteristics [16]. The results of both research questions 
show that manufacturing firms from transition countries do 
not understand the awareness of the services for 
manufacturing firms. However, the results of the measures 
of network density show that manufacturing firms are in 
the process of transformation from offer of traditional to 
digital services. From one side, network density for 
traditional services in 2018 had a value 0.214 and in 2020 
0.285. On the other side, network density for digital 
services in 2018 0.122 and in 2020 0.200. These values 
show high increase in the use of digital services between 
manufacturing firms from the period of 2 years. Moreover, 
these results suggest to authors that digital services could 
be triggers for the construction of ecosystems of 
manufacturing firms. 
 
5.2 Practical Implications 
 

This research presented data from the manufacturing 
sector of the transition economy during the five years. The 
results indicate that production managers from transition 
economies in many firms involve only the services, which 
are related to products. Unlike, the use of traditional 
services, which are not related to products, are on a very 
low level. However, the digital services, which involve 
advanced technologies, make the biggest growth in the use 
by manufacturing firms from transition economies (i.e. 
Republic of Serbia). This information could help 
production managers to involve more digital technologies 
such as virtual or augmented reality, artificial intelligence, 
or others in the offer of their products. These digital 
technologies could support traditional services such as 
maintenance, repair, or training which are offered along 
with physical products. Moreover, the use of digital 
technologies reduces the cost of the use of traditional 
services. Digital services have less unit cost than traditional 
services. Furthermore, digital services enable 
manufacturing firms to make ecosystems via digital 
platforms. The ecosystems could provide a new business 
environment for manufacturing firms. Additionally, this 
new environment can help manufacturing firms from 
transition economies to increase their competitivity on the 
global market. With the application of advanced 
technologies in manufacturing firms production managers 

can create new digital services which are necessary for 
building customer relationships. Finally, a better 
relationship with customers will increase manufacturing 
firm performance. 
 
6 CONCLUSION 
 

This research investigates the role of digital 
servitization in transition economies. Moreover, this study 
involves the SNA method in the research of digital 
servitization. The practical and theoretical implications 
show which traditional and digital services make the 
highest impact on the ecosystem of manufacturing firms. 
During the period from 2015 to 2020 results show that 
manufacturing firms from transition economies increased 
the use of digital services by 20%.  Furthermore, findings 
show that revamping and modernization make the highest 
impact on the ecosystem of manufacturing firms between 
traditional services. On the other side, digital services 
based on Big data analysis show the biggest increase in the 
use from manufacturing firms with a growth of 300%. 
However, the use of traditional and digital services in the 
manufacturing sector of the Republic of Serbia is under the 
average values for developed countries (e.g. USA or UK).  
The results indicate that digital services could be the 
triggers for manufacturing firms to improve their 
servitization process. Additionally, the application of 
digital services in manufacturing firms of transition 
economies could be a driver for approaching developed 
economies. The main difference in the GDP structure of 
more or less developed countries is in the added value from 
services. The developed countries have about 70% added 
value from services in GDP, unlike transition economies 
which have about 50% added value from service GDP. In 
this way, we can conclude that innovation via digital 
solutions for customers is one of the most important factors 
for the development of transition economies. The findings 
indicate that manufacturing firms from transition 
economies have a lot of space for improvement in their use 
and understanding of significance from digital servitization 
for their economic development. 

The limitations of this research are in the sample size. 
The authors use the data-sets from the Republic of Serbia 
to show the situation in transition economies. Future 
research could make comparative analysis for more 
transition economies to show the role of digital 
servitization for manufacturing firms. Moreover, future 
research needs to give new knowledge why and how some 
of these services traditional and digital are used in 
manufacturing firms. Accordingly, future research should 
compare the maturity models for digital servitization in 
developing and developed countries. While the current 
research investigates the use of traditional services in the 
period from 2015 to 2020, a new longitudinal approach 
could give answers to how the Covid-19 pandemic 
influences the use of digital servitization. 
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