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ABSTRACT

ANALYZING THE BARRIERS TO SERVITIZATION WITH THE
INDUSTRY 4.0 PERSPECTIVE

Adsiz, Tilbe
MA Thesis / Logistics Management
Advisor: Assoc. Prof. Yiicel Oztiirkoglu
May 2021

Servitization is seen as a means of competition among companies and aims to provide
value by adding services to products. We aim to bring a different perspective to the
concept of servitization, which has been addressed by many researchers since the
1980s. For this reason, we will focus on industry 4.0, which plays a significant role in
our lives with the developing technology. Industry 4.0, which was first introduced at
the Hannover Fair in 2011, is defined as the transition to smart systems, bringing a
new understanding to the production and service sectors. Companies that want to adapt
to developing technological applications are faced with some barriers. This study aims
to analyze the importance of these barriers for companies. The 12 critical barriers
obtained from the literature review were directed to 7 experts working in different
companies. Fuzzy linguistic variables were used to convert verbal expressions into
numerical expressions in line with the obtained answers. Also, Fuzzy DEMATEL was

chosen the most suitable method for our study.
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ENDUSTRI 4.0 PERSPEKTIFI ILE HIZMETLESTIRME ONUNDEKI]
ENGELLERI ANALiZ ETMEK

Adsiz, Tilbe
Yiiksek Lisans Tezi, Lojistik Yonetimi
Danisman: Dog. Dr. Yiicel Oztiirkoglu
Mayis 2021

Hizmetlestirme, sirketler arasinda bir rekabet araci olarak goriilmekte ve iirlinlere
hizmet katarak deger saglamayir amaclamaktadir. 1980'lerden bu yana pek cok
arastirmaci tarafindan ele alinan hizmetlestirme kavramina farkli bir bakis agisi
getirmeyi amacliyoruz. Bu nedenle gelisen teknoloji ile hayatimizda 6nemli rol
oynayan endiistri 4.0'a odaklanacagiz. ilk olarak 2011 yilinda Hannover Fuari'nda
tanitilan Endiistri 4.0, {iretim ve hizmet sektdrlerine yeni bir anlayis getiren akilli
sistemlere gecis olarak tanimlaniyor. Gelisen teknolojik uygulamalara uyum saglamak
isteyen sirketler bazi engellerle karsilasmaktadir. Bu ¢alisma, bu engellerin sirketler
i¢in dnemini incelemeyi amaglamaktadir. Literatiir taramasindan elde edilen 12 kritik
engel, farkli sirketlerde calisan 7 uzmana yonlendirildi. Elde edilen cevaplar
dogrultusunda so6zel ifadeleri sayisal ifadelere doniistirmek igin bulanik dil
degiskenleri kullanilmistir. Ayrica, Bulanik DEMATEL c¢alismamiz i¢in en uygun

yontem sec¢ilmistir.

Anahtar Kelimeler: Hizmetlestirme, Endiistri 4.0, DEMATEL, Bulanik DEMATEL,
Engeller
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CHAPTER 1
CONCEPTS OF THE SERVITIZATION

1.1 History of the Servitization

Manufacturing companies have been companies that continued to serve during their
existence. Considering the literature, it has been observed that the companies
providing services are generally industrial companies. However, this situation has
changed over time and today most companies have started to be interested in the
service sector (Vandermerwe & Rada, 1988). The pressure on manufacturing industries
has forced companies to differentiate and innovate. Especially in countries with
developed economies, many manufacturing companies have made changes in their
products by offering additional services (Silva et al., 2018). Vandermerwe and Rada
see services as a means of competition on a global scale among companies and have
adopted the view that such companies can create value by blending their strategies
with services (Kowalkowski et al., 2017). Generally, the term "servitization" is used
in the literature for this concept, briefly which means creating value by adding services
to products (Baines et al., 2009; Dinges et al., 2015). The Figure 1.1. below

summarizes the concept of servitization.

We deliver

&er\rices

We make

\Products

Adding Value Total Shift

Figure 1.1. The Concept of Servitization

Source: (Servitization, 2020)



This transition from product to service-oriented business models in manufacturing
industries has played a significant role in determining the strategies of manufacturers.
This transition has been researched and conceptualized in different ways by many
scientists since the 1980s. (Paiola & Gebauer, 2020). Different terms have been used
for this concept. The most common ones are servitization (Vandermerwe & Rada,
1988; Baines et al., 2009; Neely, 2009), product-service system (PSS) (Mont, 2002;
Tukker, 2004).

Some studies consider the terms PSS and servitization synonymous, but there are
differences between the two terms (Beuren et al., 2013). While the transformation of
product-oriented business models into service-oriented business models is called
“’servitization” (Kowalkowski et al., 2017), PSS refers to the system in which the
buyer no longer buys the product but only purchases the output of the product (Tukker,
2004). According to Baines et al. (2007), PSS is expressed as a special servitization
case. While the focus of servitization has been on customer needs and meeting these
needs through core business activities, the focus has changed over time. The focus has
shifted to establishing and maintaining relationships between broader offerings and

companies and their customer bases (Vandermerwe & Rada, 1988).

Over time, the concept of servitization has been defined in different ways by many
authors. Vandermerwe and Rada (1988) was the first to define the concept of the
"servitization" that occurs in almost every sector on a global scale. Companies tend to
sell knowledge and create expert services in addition to the products they produce.
Vandermerwe and Rada see services as a means of competition on a global scale
among companies and have adopted the view that such companies can create value by
blending their strategies with services (Kowalkowski et al., 2017). Also, Vandermerwe
and Rada (1988) argued that the business goes through three different phases until it
reaches the servitization phases. A summary of these three phases is shown below (see

Figure 1.2).



Goods Goods
or +
Services Services

A \_ / \.

Goods + Services + Support
+ Self Service + Knowledge

Figure 1.2. Servitization Phases
Source: Vandermerwe & Rada (1988)

I.  Goods or Services: In the first phase, companies produce only one of the goods
or services.

II. Goods + Services: With the opportunities provided by the developing
technology and the emergence of new trends, companies have started to
produce both goods and services.

I1l.  Goods + Services + Support + Self Service + Knowledge: In the last phase,
services are presented to customers in bundles. These bundles consist of
customer-oriented combinations of goods, services, support, self service, and

knowledge.

Baines et al. (2007) and Neely (2009) defines servitization as the innovation of an
organization's capabilities and processes and emphasizes the transition from product
sales to sales of PSS. Thus, mutual value creation is provided. Silva et al. (2018)
defined servitization as a new reality that enables them to find the approach necessary
to be competitive in the sector despite the changes in the existing working methods. In
other words, servitization is a change of mind in adapting the business models of
organizations to integrated systems with a "pure product" perspective (Rudnick et al.,
2020). Servitization provides many benefits to companies, consumers, and society. For

example, (Dinges et al., 2015)

a) Service providers earn increased revenues and margins, thus reducing
competition.

b) Customers can maximize equipment performance.



c) It is ensured that consumers receive better products and services, and it can
meet their needs completely.

d) It provides sustainability and environmental performance to society.

Warranties, maintenance, and revenue usage agreements can be shown as an example
of the services offered with the product (Ennis et al., 2020). Baines and Lightfoot
(2013) based these examples on a classification. According to this classification,
warranty is base, maintenance intermediate, and contract is an example of advanced

service.

Major manufacturers such as Rolls-Royce, General Electric (GE), and KONE have
advocated that companies' services should be integrated with their offerings. In this
way, they thought they would benefit more. They also saw servitization as a gold mine
for manufacturing companies (Huikkola et al., 2016). Another company that applies
servitization is "International Business Machine (IBM) Corporation", which is a

multinational technology company (Ahamed et al., 2013).

1.2 Literature Review: Servitization

The authors have conducted many studies to draw attention to the importance of the
concept of servitization in the sector. Table 1.1 shows the most important studies about

servitization during time period of 2011-2020.

Table 1.1. Literature Review of the Servitization (2011-2020)

Year | Author(s) Purpose of the Study

Lin et al. To determine the strategies of servitization in China
computer industry and making recommendations to

policymakers and industry.

Neely et al. To examine the changing situation of the services provided
by companies in the manufacturing sector over time.
2011
Tether & To research the services provided by manufacturing
Bascavusoglu- companies in the United Kingdom (UK) for their
Moreau customers, examining the results of service provision and

the necessary motivation.




2012

Lertsakthanakun et

al.

To examine the suitability of companies to servitization and

developing a framework with relevant factors.

Turunen & Neely

To determine the servitization strategies required by the
companies, creating a framework with the different

organizational designs realized in this direction.

Visnjic & Van Looy

To examine the impact of service innovations on the
performance of manufacturing companies and suggesting

ways to achieve sustainable growth.

2013

Ahamed et al.

Improving the transition from pure production to
servitization and determine the factors for the

implementation of servitization strategies.

Lightfoot et al.

To examine the contribution of research communities

dealing with servitization to knowledge production.

Neely

To explain the state of servitization in Germany and to

make a comparison between some countries.

2014

Crozet & Milet

To examine the changes in French manufacturing
companies have experienced in service production over

time.

Smith et al.

To examine operations management and emerging PSS

proposals in the transition to servitization.

Turunen & Finne

To examine the effects of production activities carried out
in different organizational environments on the

servitization.

2015

Bustinza et al.

To examine the transition of 102 multinational company

managers to basic, medium, and advanced services.

Li et al.

To examine the state of servitization and the impact of the
servitization on the business performance of manufacturers

in the Zhejiang Province of China.



https://www.emerald.com/insight/search?q=Laura%20Smith

Opresnik & Taisch

To assist manufacturing companies in the Manufacturing

Service Ecosystem (MSE) for the servitization.

2016

Calabretta et al.

To provide a design approach to the tools and applications

used by companies that transition to service innovation.

Ha et al.

To examine the productivity of Korean manufacturing
SMEs, and in this direction comparing servitized and non-

servitized companies.

Pal

To investigate how companies in the used clothing industry

expand their responsibilities by providing services at PSS.

2017

Ayala et al.

To explain how manufacturing companies aiming for a
service-based business model integrate information from

service suppliers.

Kowalkowski et al.

To suggest definitions for four basic terms (servitization,

service infusion, deservitization and service dilution).

Rabetino et al.

To develop an understanding of the servitization

application.

2018

Rabetino et al.

To examine the studies on servitization and to reveal the

developments that will affect the future

Wang et al.

Performing a quantitative review of the relationship

between servitization and performance.

Ziaee Bigdeli et al.

To examine the transformation of manufacturers to

advanced service providers and evaluate the results.

2019

Calabrese et al.

Contributing to the servitization literature

Doni et al.

To examine the potential impact of servitization on
sustainability, with a study of 208 manufacturing companies

located in Europe.




Raddats et al. To review the literature of servitization based on four main

streams between 2015-2017.

Baines et al. To define the servitization process and organizational
changes and investigating the causes that affect these

processes. Then, to develop a model in this direction.
2020

Rudnick et al. To develop a lean servitization canvas

Wang et al. To make a detailed examination of servitization in

operations management in the ICT era, which is a new era.

Source: Author

It has been observed that there is an increasing interest in service-oriented strategies
in manufacturing companies. Companies that want to increase their performance and
gain competitive advantage have turned to servitization and make it possible for

customer satisfaction and differentiation (Bustinza et al., 2015).

Wanting to increase profits and add value to their products, Chinese computer
manufacturers have turned to servitization. Lin et al. (2011), who conducted a case
study in this direction, they have defined two types of servicing strategies, product-
centered and service-centered. Thus, it offered options to Chinese computer
manufacturers. Li et al. (2015), on the other hand, analyzed 134 companies in
Zhejiang, China, in 2012. In this analysis, they observed a positive relationship
between job performance and service provision. They also noted that servitization is
generally more suitable for big companies and that the performance impact thus
reaches remarkable. Another study that draws attention to the relationship between
servitization and performance, it was carried out by Wang et al. (2018). In this study,
it was determined that the relationship between these two concepts was affected by the

operational structure and control variables.

To contribute to the value creation processes of product-service companies, Visnjic,
and Van Looy (2012) carried out a study involving the manufacturer company called
Atlas Copco Compressor Technique between 2001 and 2007. In addition to providing
information about how the company can achieve revenue growth and profitability, it
has also shown that there is a positive relationship between servitization and

profitability. Ahamed et al. (2013) discussed the transformation of IBM Corporation,

7



which is a manufacturing company, from a product-centered structure to a service-
oriented structure. Smith et al. (2014), on the other hand, conducted a study that helped

future producers to compete in service economies.

Neely conducted a study in 2009 to reveal the results of the financial impact of
servitization on production and then updated this study and made another study in
2011. The article conducted by Neely et al. (2011) used the OSIRIS database in this
study. This study investigates the changing situation of the services rendered by
companies in the manufacturing sector and covers three different periods (2007-2009-
2011). It shows that in 2007, 58% of the US producers provided services, while less
than 1% of the Chinese producers. In 2011, this situation changed and dropped to 55%
in the USA and rose to less than 20% in China.

While Tether and Bas¢avusoglu-Moreau (2011) examined the servitization situation of
production companies in the UK, Neely (2013) explains the state of servitization in
Germany and makes a comparison between some countries. This study comparing the
servitization levels of selected countries also provides information about the
international developments experienced. According to this research, it has been
concluded that the level of servitization in Germany is higher than BRIC (Brazil,
Russia, India, and China) countries, but lower than countries such as the USA and the
UK. The rate of servitization in the USA is 30.64%, followed by the UK with 28.44%.
Other countries with servitization rates are Germany 25.34%, India 24.22%, Russia
19.23%, France 18.01%, China 14.30%, Brazil 10.94%. CapitallQ database was used
for this study and data of approximately 42,000 companies were included for analysis.
In Crozet and Milet's (2014) article about the manufacturing companies in France
between 1997 and 2007, attention was drawn to servitization. They stated that about
83% of French manufacturing companies sell services, while one-third of them sell

services rather than products.

Lertsakthanakun et al. (2012) conducted interviews and case studies with four Thai
companies. In this direction, a framework was created by determining the factors to
make servitization sustainable. This framework allows companies to assess the
appropriateness of servitization. Manufacturers who want to increase their service
provision need structural changes. Turunen and Neely (2012), which examines the
changes that occur in the transition to service provision, describe the stages of

servitization. Ziaee Bigdelia et al. (2018) article, on the other hand, determine the

8



progress of manufacturing companies in becoming an advanced service provider and

the results achieved.

Moreover, Turunen & Finne (2014), Calabretta et al. (2016), Calabrese et al. (2019),
and Raddats et al. (2019) carried out their study to contribute to the literature on
servitization. Many unexpected factors affect the servitization of industrial
manufacturers. Turunen and Finne (2014) help managerial decision-making processes
related to servitization, as well as contributes to the literature on the transition towards
service delivery. They also aimed to present some propositions for these affected
organizational environments. Calabretta et al. (2016) aim to propose a design approach
to be used in service innovation and efficient applications. Calabrese et al. (2019)
focused on the measurement of servitization levels in companies. Although this study
is an example of a systematic literature review, it is the first study that developed into
the operationalization and conceptualization of the measurement of servitization
levels. Raddats et al. (2019) brought a perspective to the service literature on specific
topics such as general management, marketing, operations, and service management
between 2015-2017. Similar issues were discussed in the study conducted by Baines
et al. (2020). This study creates a model by explaining the processes of servitization,
organizational changes, and the factors that affect the processes. It also includes 14

case studies, which makes it easier to understand the process and proposes a model.

Research communities have various contributions in knowledge generation, and these
communities, which have dealt with the concept of servitization, have conducted
studies to identify these contributions. Lightfoot et al. (2013) focused on two main
issues in their article; While determining the location of the information stocks and
flows among these communities, it is also to raise the concerns these communities

have in the research.

Manufacturing companies are implementing some strategies to servitization. Wanting
to develop an understanding of servitization practices, Rabetino et al. (2017) carried
out a comprehensive review of the concept of servitization. This study enables
manufacturing companies to plan and implement effective strategic plans. Also,
Rabetino et al. (2018) discussed the concept of servitization in the other study and tried
to link these studies accepted by scientific communities by organizing them. This study
showing structure of the servitization area, at the same time, draws attention to the

change in different theories, concepts, and methods used. For nearly 50 years,



strategies such as service expansion and service reduction have been implemented in
many sectors. Kowalkowski et al. (2017) focused on four main concepts (servitization,
deservitization, service infusion, and service dilution) and tried to clarify these

concepts.

The opportunities created by big data and servitization provide competitive advantages
to manufacturing companies. For example, Opresnik and Taisch (2015) drew attention
to the impact of using "Big data" to assist manufacturing companies within MSE in
servitization. While this strategy makes it possible to create a new product or service,

it creates new revenue streams and enables producers to improve themselves.

Companies often that implement the servitization strategy encounter difficulties
brought by a lack of knowledge in production activities. Therefore, they aim for the
innovation of the service-based business model and seek ways to obtain this
information from service suppliers. Ayala et al. (2017) conducted a study to indicate

how this information is integrated into processes.

Doni et al. (2019) identified two groups (pure manufacturers and nonpure
manufacturers) using job descriptions in the Bloomberg database. For this study, 208
companies were investigated in Europe. In this study, it has been observed that
environmental performance increases, and energy consumption improves with

servitization.

According to Pal (2016), companies in the used clothing industry have expanded their
responsibilities through service delivery. Accordingly, it included PSS practices and

concluded that this situation also requires some corporate responsibilities.

Rudnick et al. (2020) developed a lean servitization canvas by conducting a literature
study on lean servitization. The lean servitization canvas adds value to after-sales
processes and, at the same time enables the combination of physical and digital flows.
They also confirmed this study by doing a case study. Companies of “NedTrain in the
Netherlands™ and ‘““Siemens in Germany” were evaluated and compared, the main
activities of both companies are infrastructure and transportation. Thus, the focus of
the research is high capital goods in the rail and infrastructure sectors. This research
highlighted the importance of digitalization to provide superior services in the

aftermarket. The primary objectives of the companies have been to provide additional

10



revenue streams. Also, they tried to make the users' experiences valuable by providing

reliable and fast maintenance programs.

Manufacturing companies need innovation to compete. The development of
technology has created a competitive environment, especially for companies in the
manufacturing industry. For instance, SMEs in Korea have recognized that product
and service integration has a significant impact. Moreover, servitization has enabled

Korean manufacturing SMEs to develop efficiently (Ha et al., 2016).

Increasing technological developments in recent years have created a new era of ICT.
This ICT era, on the other hand, has become the subject of discussion with the
integration of servitization applied in operations management with technological
developments. Wang et al. (2020) addressed these issues in their study. In the next
section will be discussed the concept of digital servitization that emerges with the

impact of technology.

11



CHAPTER 2
DIGITAL SERVITIZATION

2.1 History of the Digital Servitization

Technology has played a significant role in changing consumption patterns and
lifestyles (De Propris, 2016), product service integration, service development and
service delivery (Dinges et al., 2015). In addition to enabling companies to create real-
time services, it has also helped improve consumers' knowledge of products and
services. While this situation shows the companies' need for technology, it also
revealed the convenience it provides to companies in information exchange

(Vandermerwe & Rada, 1988).

The use of digital technologies to create new value, generate revenue, and change
existing business models has been named "digitalization" (Gartner Glossary, 2020).
Traditionally, digitalization is defined as the process of creating an effective and
efficient economic value using computer and internet technology (Reddy & Reinartz,
2017). The concept of "digitization" is sometimes used instead of this term (Visona,
2020). Technological developments have a great impact on the field of manufacturing,
and automation of production processes has been allowed with digitalization (Ennis et
al., 2020). Also, researches have drawn attention to the importance of digitalization in
strategy development in the service sector. While digitalization helps to support global
service innovation (Parida et al., 2015), it also has an impact on all business models

(Luz Martin-Pefia et al., 2018).

Kindstrom and Kowalkowski (2014) determined that using digital technological
systems (for example, an adaptive back-office infrastructure with smart information
and communication technology (ICT) systems) provides the development of low-cost
operations, and they also offer high service quality. They also stated in their study that
with the formation of such an infrastructure, better resource allocation would be made,

and it would facilitate correct information sharing within the field.

12
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Servitization - Digitalization Servitization

Figure 2.1. Integration of Servitization and Digitalization

Source: Author

Companies have seen the integration of servitization and digitalization concepts as a
competitive advantage to create value (Silva et al., 2018). Figure 2.1 shows the
integration of the servitization and digitalization. Especially in recent years, many
authors have carried out studies drawing attention to the relationship between these
servitization and digitalization (Paschou et al., 2017; Vendrell-Herrero et al., 2017; Luz
Martin-Pefa et al., 2018; Marjanovic et al., 2019; Abou-foul et al., 2020; Gebauer et
al., 2020; Kharlamov & Parry, 2020; Kohtamaéki et al., 2020). Vendrell-Herrero et al.,
(2017) defined digital servicing as 'the provision of digital servitization embedded in

physical products'.

According to Kohtamiki et al. (2019), digital servitization is the transition to smart
product-service-software systems that provide value creation with monitoring, control,
optimization, and autonomous functions. They also argued that for companies to gain
value by offering digital servitization, they should benefit from three dimensions of

digital offerings. These three dimensions are product, service, and software.

Digital servitization is characterized by long-term commitment, co-creation, and
investment in relationships, thus aiming to build closer provider-customer
relationships. Engaging in close collaborative relationships provides operational
efficiency while at the same time facilitating the achievement of customer goals
(Kamalaldin et al., 2020). Also, manufacturing companies that want to improve their

financial performance need to invest in digital servitization (Kohtamaéki et al., 2020).

2.2 Literature Review: Digital Servitization

Digital servitization is defined as the process of transition from pure products and
additional services to smart PSS (Kohtamiki et al., 2020). Digital servitization has
been an important issue that authors have included in their studies, especially in recent

years. Some examples of these studies are shown below (see Table 2.1).

13



Table 2.1. Literature Review of the Digital Servitization (2016-2020)

Year | Author(s) Purpose of the Study
2016 | Ardolino et al. | Examining the impact of digital technologies on servitization in
manufacturing companies.
2017 | Paschou et al. To obtain scientific information about digital servitization and to
systematize this information.
2018 | Luz ~ Martin- | To conduct a systematic literature review on servitization and
Pefia et al. digitalization
2019 | Marjanovic et | Examining the impact of the digital servitization portfolio on
al. firm performance
2020 | Abou-foul et al. | To develop a framework to examine the impact of servitization
and digitalization on the financial performance of manufacturing
companies.
2020 | Gebauer et al. To examine the main aspects of the digital servitization debate
and highlight the growth paths of companies with case studies.

Source: Author

Ardolino et al. (2016) focused on seeking answers to two research questions.

1) With the development of digital technologies, which capabilities are essential

for providing product-service solutions?

2) How does the emergence of technologies such as cloud computing, predictive

analytics, and IoT affect the servitization practices of manufacturing

companies?

A literature review was conducted to find answers to these research questions. In this

direction, eleven digital capabilities (Identification (user), Identification (product),

Geo-localisation, Timing assessment, Intensity assessment, Condition monitoring,

Usage monitoring, Prediction, Adaptive (remote) control, Optimization, Autonomy)

set to provide different product-service solutions and to create efficient service

delivery practices.

14




Paschou et al. (2017) argued that the combination of servitization and digital
technologies created opportunities in production. They stated that their studies on
digital servitization were insufficient. They examined the importance of digital
technologies in the services provided in the field of production by drawing a systematic
literature framework. These reviews have shown that the issue of digital servitization
is a new topic. It is a topic that has increased in importance in recent years in the
academic field in recent years and has been addressed by many authors. This study is

a significant example of a literature review that may be useful for future studies.

Servitization is a process that supports digitalization, and there is a strong bond
between them. Also, these two concepts have a mutual influence on business models
and create new digital business models (DBM). Luz Martin - Pena et al. (2018)
explains the relationship between the concepts of servitization and digitalization in

their study.

The role of digital technologies in production has been one of the neglected issues.
Marjanovic et al. (2019) conducted a study to draw attention to the effect digital
servitization has on the performance of companies. In the study, the Serbian datasets
used by 240 manufacturing companies, which were the subject of the European
Manufacturing research conducted in 2018, were used. This study demonstrates the
positive impact of digital servitization on companies' turnover levels. Company
executives should implement strategies such as web-based services for customized
product design and web-based offers for product use. Most importantly, managers
should provide digital services according to their industry type. Thus, the company

will have the chance to maximize their performance.

According to studies of Abou-foul et al. (2020), one of the main goals of manufacturing
companies is to provide companies with profitability and growth opportunity through
the integration of servitization and digitalization. This study covers 185 European and
US manufacturing companies. These companies are those that show that digital
servitization directly affects financial performance. This study has shown that the
combination of servitization and digitalization speeds up the transition process of
manufacturing companies to service provision. In addition, companies should adapt
the physical and technological aspects offered in the market to their companies in order

to get efficiency from these processes.
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Gebauer et al. (2020) stated in their study that many product companies now choose
the ways of servitization, and recently this situation has shifted towards digital
servitization. With a case study covering six companies (/BM, Cisco, Apple, GE, Voith
Group, and Intel), they highlighted the importance and place of digital servitization.
IBM is one of the most prominent examples of the transition from product-oriented
systems to service-oriented systems and has recently been a pioneer in digital growth.
It generates approximately 39% of its revenue from digital products. Cisco, on the
other hand, is a company that always provides value for its customers and has financial
flexibility. Cisco provided 75.1% of its total revenue from products and 24.9% from
services in 2019. Apple, one of the leading companies in digitalization, earned 46.3
billion USD from digital services in 2019. GE, one of the pioneers of the servitization
system, drew attention to the importance of digitalization to seek new growth in 2015.
Voith launched digital initiatives in 2016 to facilitate digital growth. They thought that
the company applying digitalization would increase its value and provide additional
revenue streams. Intel, a product company, started a transformation and increased its

revenue. It offers various digital solutions for its customers.

The concepts of servitization and digital servitization are a topic that has been studied
a lot by the authors. However, there is still a large gap in the literature about these
topics. Our aim in this study is to integrate the concept of servitization with the Industry
4.0 perspective. Then, it is to identify the challenges and barriers in front of
servitization achieved with the literature review. Among these identified challenges
and barriers, we will choose the appropriate ones for us to study. We will analyze the
relationship between the criteria we have determined in this study with the Fuzzy
DEMATEL (Decision-making trial and evaluation laboratory) method. Although there
are similar studies in the literature, there is no study analyzing the relationship between
the barriers encountered. The next section will discussed the integration of

servitization with industry 4.0.
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CHAPTER 3
INTEGRATION OF THE SERVITIZATION WITH INDUSTRY 4.0

3.1 History of the Industrial Revolution

The first industrial revolution started with water and steam-powered mechanical
manufacturing in 1784 (Davies, 2015). This period has been recognized as the
beginning of a new age and the most radical innovation in human history (Visona,
2020). With the industrial revolution, the transformation of manual work into the first
manufacturing processes took place, especially in the textile industry. This period has

also improved the quality of life and has been the main driver of change (Rojko, 2017).

Mass production began with the development of electrical and assembly lines towards
the end of the 19th century. This situation is the most important factor that started the
second industrial revolution (Davies, 2015). Another name for the second industrial

revolution is the standard production era (Visona, 2020).

The third industrial revolution, also known as the beginning of the information age,
started in the late 1960s (Visona, 2020). In this period, automatic systems were
developed with the help of information technology and electronics (Schwab, 2016).

The fourth industrial revolution, which is the period we are in, is being built over the
third industrial revolution. As in every industrial revolution, there are potential benefits
such as improving the quality of life and increasing income levels in this period as
well. At the same time, technology has brought many benefits. One of its most

important features is that it enables new products and services (Schwab, 2016).

When looking at the first three industrial revolutions, three technological changes
stand out. These are respectively; the emergence of steam power, electrification, ICTs

(Culot et al., 2019).

Figure 3.1. summarizes the transformation process of industrial revolutions over the

years.
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Figure 3.1. Stages of the Industrial Revolution

Source: ("Industry 4.0 Ready", 2020)

3.2 Industry 4.0

Throughout the history of humanity, many developments have taken place, and new
technological applications are at the top of these developments. Industrial systems
evolution is in constant motion and has led to some changes (Visona, 2020).
Technological developments have always been a factor affecting production (Ennis et
al., 2020), and since the beginning of the industrial revolution has increased industrial
productivity (RiiBmann et al., 2015). Steam power was used first and then electrical
energy to provide the mechanization. The intensive use of electrical energy has made
mass production possible. The last process following these developments is the
widespread use of digitalization, which has enabled the automation of production

processes (Ennis et al., 2020).

The concept of Industry 4.0 was first introduced at the Hannover Fair in 2011
(Ghobakhloo, 2018) by the German Industry-Science Research Alliance. In short, it is
also expressed as the digitalization of industrial production (Buhr, 2015). Instead of
Industry 4.0 concept, it was used by the authors in concepts such as smart
manufacturing, the fourth industrial revolution, and digital transformation. While this
concept encompasses the digital transformation processes of traditional industries, it
also creates a new production paradigm. As the name suggests, Industry 4.0 is the
fourth stage of industrial production. (Culot et al., 2020), and significant leaps in

manufacturing took place during this period. It has also been observed around the
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world to change people's lives and become the successor of the third industrial

revolution (Davies, 2015).

According to Germany's Federal Ministry of Education and Research, Industry 4.0 is
an increasing the flexibility existing in value-creating networks through the
implementation of cyber-physical production systems (CPPS) (Shrouf et al., 2014).
Industry 4.0, which has attracted attention from both manufacturers and service
companies, includes the combination of supply chain, production facilities, and service
systems. This situation provides the formation of value-added networks (Ustundag &

Cevikcan, 2017).

Companies are experiencing a new digital era in the industrial world that changes over
time. In this digital era, servitization strategies become the driving force of the
economy, along with technology (Visona, 2020). The world is getting more and more
digital. The intensive use of the internet has caused companies to resort to new ways
to meet customer needs. In addition to influencing people's decision-making processes,
this new digital era has also caused some changes in consumer habits (Hudson et al.,
2012). Also, the development of technology has made it possible to differentiate, so
companies tend to offer personalized services. The service sector has expanded, and
the importance of this sector has increased. Also, the quality of service provided has

increased, and customer relations have deepened (Rust & Huang, 2014).

While it also enables companies to move away from their traditional approaches, it
offers new possibilities in production planning and control (Moeuf et al., 2018).
Technologies developed in this period have had a critical impact on the management
understanding and organization processes of companies. Many companies have
focused on meeting the expectations of their customers by investing in new

technologies (Silva et al., 2018).

This period is also known as the rise of new digital industrial technologies and is
supported by nine technological advances (see Figure 3.2). These technologies are the

building blocks of Industry 4.0 (RiiBmann et al., 2015).
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Figure 3.2. Nine Technological Advances
Source: ("Industry 4.0: The Future of Productivity and Growth in Manufacturing
Industries"”, 2015)

According to Davies (2015), Industry 4.0 is based on the technological

developments shown below.

» ICT: To digitize and integrate information at all product stages, including

logistics and supply chain processes.

» Cyber-physical systems (CPS): Implementation of ICTs to monitor and control
systems or processes. Embedded sensors and smart robots can be given as

examples.

» Network communications: The system that connects products, systems,

machines and people with the production facility, and suppliers through IoT.

» Simulation: Applications used to set up production processes and design

products.

» Collecting and analyzing large amounts of data through cloud computing or

big data analysis.

» Providing ICT-based support for employees with robots and smart tools.

3.3 The Servitization with Industry 4.0 Perspective

In recent years, in parallel with the development of servitization, manufacturing
companies have tried to make their production processes smart. In this direction, they
aimed to increase their productivity and efficiency with new technology (Cimini et al.,

2018). Moreover, companies have tended to speed up delivery times and create
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efficient and automated processes, mainly due to the increasing demand for high
quality and customized products. This situation has forced companies to adapt to a new

era known as Industry 4.0 (Zheng et al., 2020).

Industry 4.0 plays a significant role in the success of a serviced business (Chiarini et
al., 2020). Adopting technologies to help support the servitization will create new
business models and opportunities for companies (Cimini et al., 2018). In addition to
providing new opportunities for manufacturing companies, the digital technologies to
be used will have many reflections on the main processes (Zheng et al., 2020).
Moreover, Industry 4.0 brings flexibility, adaptation and customization to production
and operating models. In addition, the authors think that these developments will
strengthen the concept of servitization (Ennis et al., 2020). However, these
technologies do not always create an increase in servitization and do not affect the
strategies of companies. Therefore, companies need to adapt the right Industry 4.0

technologies to them (Bortoluzzi et al. 2020).

Industry 4.0 and servitization are two concepts that support each other and, so they
have to be designed together. While Industry 4.0 focuses on the production of the
product with an efficient operational structure, servitization focuses on the effective
consumption of the customer. One of the significant examples of Industry 4.0 and
servitization relationship 1s the white goods manufacturer Whirlpool company

(Ramachandran & Masood, 2019).

There are some important points to be considered in the integration of servitization

and Industry 4.0 (Iyer, 2019).

(i) A tighter Product Lifecycle Management (PLM) process with integrated data

management,

(ii) Intelligent management processes, service operations that provide newer

business models,
(iii) Effective change management for people, processes, and technology.

In the design and manufacturing industry in the UK, Huxtable, and Schaefer (2016)
focused on how industry 4.0 applications will affect servitization. Besides, this study
includes the kinds of services that arise as a result of Industry 4.0 applications and
SWOT (Strengths, Weaknesses, Opportunities, Threats) analysis of the impact of

Industry 4.0 on servitization. In this direction, they analyzed 57 companies in the UK.
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As a result, it was determined that 61% of these companies offered product-service
integration, and 39% only earned income from product sales. Huxtable and Schaefer
(2016) stated the SWOT analysis they reached with the literature review in their study.
Companies often pay attention to these issues before integrating Industry 4.0 related

services into their business strategies (see Figure 3.3).

4 V4 )

Weaknesses
Strengths The Service
Financial Gain Paradox
Competitive Resistance to
Advantage Change
K / \ Shifting Values /
4 N ™
Opportunities Threats
Government policy Cyber Security
Exponential Infrastructure
Technology Workforce Skills

- AN J

Figure 3.3 SWOT Analysis of Servitization and Industry 4.0 Integration

Source: Huxtable and Schaefer (2016)

Recently, the concept of servitization and industry 4.0 has been of interest to
researchers separately. However, studies conducted by combining these two concepts
are scarce in the literature. In other words, few studies on servitization have addressed
the Industry 4.0 subjects. The subjects examined are generally limited to the concept

of digital transformation (Frank et al., 2019).

The increasing interest in the servitization business model has led companies to
implement digital systems in their products and machines. For example, IoT, which
enables physical objects to be connected to the internet, enables service providers to
improve customer relationships while at the same time differentiating their offerings

for their customers (Silva et al., 2018).
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Ennis and Barnett (2019) focus on the examination of a mature public transportation
system from the perspective of servitization. The aim is to explore collaborative supply
networks in the context of industry 4.0. Ennis et al. (2020), on the other hand, focuses
on the changing environment of Industry 4.0, taking into account the servitization
perspective. They also aimed to develop a new conceptual framework by considering

B2B value ecosystems and competitive dynamics.

The study of Frank et al. (2019) builds combinations that create value for both
customer and internal processes while highlighting the combination of potential
service offerings and digital technologies. Shows the complexity of applying different
configurations between servitization and digital technologies. Also, it shows a range
of levels of complexity for the implementation of digital and service levels in product

delivery, and these levels can help managers through a BMI process.

Torrecilla-Garcia et al. (2019) focuses on Occupational Health and Safety (OHS)
strategies from a servitization and Industry 4.0 perspective. The integration of OHS
strategies and processes attract the attention of researchers as it will cover different

risk prevention requirements.

In the study conducted by Bortoluzzi et al. (2020), for small and medium-sized
companies (SMEs) operating within the scope of business-to-business (B2B) focuses
on the transition of companies from product-based business models to service-based
business models. They thought that such a transition would be accelerated by Industry
4.0 technology, such as simulation, big data collection, IoT, and cloud computing. This
study shows the effect of Industry 4.0 technologies on the spread of servitization
strategies. At the same time, the results of these effects were discussed in terms of

company performance.

Tabaklar and Yildirim (2020) aimed to develop an understanding of servitization
realized in the age of Industry 4.0 from the supply chain management perspective. This
study reveals that Industry 4.0 has not yet been fully developed during servitization

applications.

Industry 4.0 causes several changes in the behavior and strategies of companies, and
with these changes, some transformations are experienced in production, operations,
and services. Drawing attention to this transformation, Grandinetti et al. (2020)

focused on the effects of industry 4.0-based servitization between suppliers and

23



customers in the context of B2B. It is an exploration study involving 22 Italian B2B

manufacturing companies.

Visona (2020) presented two different case studies addressing servitization and
industry 4.0. Two manufacturing companies, Sariv and Arneg, were included in this
study, and interviews were held with the managers of these companies. First, a detailed
study was conducted on the effects of integrating processes with industry 4.0
technologies on companies, and then the strategies and technological applications used
by companies were reviewed. According to this study, the digitalization of processes
will enable both companies to strengthen their organizational and production
capabilities. It will also provide ideas on how companies can succeed in differentiating
themselves through their servitization strategies. In these two companies, it has shown
that with the help of digital technologies, manufacturing companies can gain a

competitive advantage in servitization.

In the literature, Industry 4.0 has been discussed in terms of both servitization and
digital servitization. In this context, the studies mentioned above are shown in Table
3.1.

Table 3.1. Literature Review of the Servitization and Digital Servitization from an

Industry 4.0 Perspective

Topic Author(s)

Servitization & Industry 4.0 Huxtable & Schaefer (2016); Ennis &
Barnett (2019); Frank et al. (2019);
Torrecilla-Garcia et al. (2019); Bortoluzzi et
al. (2020); Ennis et al. (2020); Tabaklar &
Yildirim (2020)

Digital Servitization & Industry 4.0 Grandinetti et al., (2020); Visona (2020)

Source: Author

The main aim of this study is to integrate the concepts of servitization and industry
4.0. Companies that adopt this integration face some barriers before and during their
implementation. This study also focuses on identifying these barriers and evaluating

the relationship between the concepts of servitization and industry 4.0.
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As stated above, the authors evaluated the subject from different angles in their studies.
In this study, we will analyze for the first time the barriers to servitization from the
perspective of industry 4.0 using an analysis method. We will discuss the barriers

encountered in the next section.
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CHAPTER 4
BARRIERS OF THE SERVITIZATION WITH INDUSTRY 4.0
PERSPECTIVE

The main aim of the study is to identify the barriers and challenges of the servitization
with an industry 4.0 perspective. To achieve this aim, firstly, we made a detailed
literature review. There are many studies in the literature about the barriers to
servitization. However, since our focus in this study is the industry 4.0 perspective,
barriers to industry 4.0 applications are also included in our list. We collected a total
of 12 barriers from the barrier literature. Table 4 shows the barriers that are suitable

for our study among the barriers we obtained from the literature.

The literature review that has been conducted highlights the various barriers and
challenges to servitization. For instance, Hou and Neely (2013) conducted a systematic
literature review on the barriers to servitization. In this line, they divided the
servitization barriers into seven different groups: (i) Competitors, suppliers &
Partners; (ii) Society & Environment, (iii) Customers, (iv) Finance; (v) Knowledge &

Information, (vi) Products & Activities, and (vii) Organizational Structure & Culture.

In our study, inspired by the literature review conducted by Hou and Neely (2013), we

divided the barriers into three main groups.
(1) Finance,
(i)  Information & Capability,
(ili)  Technological

We conducted a detailed literature review and identified 12 barriers in total. These
barriers we have determined are grouped under three main headings and are shown in

Table 4.1.
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Table 4.1. Barriers to Servitization with Industry 4.0 Perspective

Barriers

Source(s)

Finance

Lack of financial resources

Costs and investments/ High
Implementation Cost

Caldeira & Ward (2003);
Schroeder et al. (2016); Klein
et al. (2018); Adams (2019)
Gebauer et al. (2005);
Confente et al. (2015); Davies
(2015); Kamble et al. (2018);
Hussain, (2019); Marcon et al.
(2019)

Information

&

Capability

Insufficient information about

customers’ needs

Lack of qualified employees

Lack of information/ knowledge

Insufficient collaborations- cooperation

/ Coordination problems

Klein et al. (2018); Marcon et
al. (2019); Michalik et al.
(2019)

Brax (2005); Davies (2015);
Huxtable & Schaefer (2016);
Kamble et al. (2018); Adams
(2019); Hussain, (2019)

Westergren & Jonsson (2004);
Confente et al. (2015);
Michalik et al. (2019)

Martinez et al. (2010);
Santamaria et al. (2012);
Confente et al. (2015);
Hussain, (2019)

Insufficient infrastructure / Lack of IT

infrastructure

Huxtable & Schaefer (2016);
Kamble et al. (2018); Klein et
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Technological

Problems for adapting new technology

Data security problems

al. (2018); Adams (2019);
Hussain, (2019); Zambetti et
al. (2020)

Klein et al. (2018); Paschou et
al. (2018); Mittal et al. (2018);
Hussain, (2019)

Davies (2015); Huxtable &
Schaefer (2016); Thoben et al.
(2017); Kamble et al. (2018);

Hussain, (2019)
Lack of adapting human-machine

al. (2017);
Uncontrollable digitized machine
performance Lee et al. (2014)

Parameter incongruence

al. (2016)

interaction Lee et al. (2014); Thoben et

Lee et al. (2014); Schroeder et

Servitization is an effective way to gain a competitive advantage for companies.
However, companies that want to adopt this type of strategy face major barriers
(Turunen & Finne, 2014). We divided the barriers encountered in our study into three

main groups (see Table 4).

The first main barrier group of the servitization is financial barriers, and these barriers
are generally seen as difficult to overcome (Confente et al., 2015). In order for
companies to transition to Industry 4.0 technologies, they need large financial
investments (Davies, 2015). Companies that do not make the necessary investments in
technology and have limited financial resources cannot benefit from all opportunities
in digitalization (Schroeder et al., 2016). Moreover, the integration of technology with
servitization has created some difficulties in costs and investments and made it difficult
to measure return on investment (Marcon et al., 2019). Investments constitute an
important problem due to the limited profit margins, and this situation makes it more

difficult to invest (Confente et al., 2015).
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Another barrier to a successful servitization process is a lack of information and
capability. The human and information factors are crucial in servitization. Therefore,
lack of information significantly affects the success of companies. Sustainable and
integrated solutions are required for long-term strategies to be implemented. Besides,
insufficient information about customer needs affects the progress of the processes
(Michalik et al., 2019). Close contact with the customer is seen as a means of

understanding customers' needs correctly (Marcon et al., 2019).

The lack of qualified employees is another factor that directly affects the performance
of companies (Brax, 2005). In general, it has been observed that digital technologies
drive Industry 4.0 services. In this context, companies that want to provide and design
such services need qualified employees (Huxtable & Schaefer, 2016). Employees who
can transition to the Industry 4.0 process are among the primary needs of employers.
These types of employees, who have characteristics such as decision making and
creativity, are also expected to have technical and ICT expertise (Davies, 2015). Lack
of these skills adversely affects the success of service delivery (Huxtable & Schaefer,

2016).

Insufficient collaboration between companies affects the competitive environment.
Companies providing servicing are in coordination with their suppliers and other
companies. Therefore, any break in communication will harm companies (Confente et

al., 2015).

Technological barriers were not seen as a major concern by most authors and, very
few barriers have been mentioned in the use of digital information (Michalik et al.,

2019). However, we attach great importance to technological barriers in this work.

For people to adapt to new technologies, they must first be convinced. If they are not
convinced, they do not want to use this technology and cause the process to slow down
(Hussain, 2019). Also, a lack of IT infrastructure will prevent a fast and reliable
internet connection required by customers and machines (Huxtable & Schaefer, 2016).
Companies should alert their current processes to reflect the needs of their customers,

and IT capabilities are required to deliver these services (Klein et al., 2018).

There is a large amount of information flow in Industry 4.0 applications, so it faces
cybersecurity threats and privacy problems of data (Hussain, 2019). In particular, the

basis of the competitive advantage of production companies is production data. For
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this reason, the data in the systems must be carefully protected. Also, any access to the
machine and control systems from outside the company will create a significant
security problem (Thoben et al., 2017). The two most important factors affecting
machine performance are human operation and management. A smart machine system
is expected to increase productivity and production quality efficiency (Lee et al.,
2014).

While the basic parameters are captured digitally, they may differ greatly depending
on the measurement units and thresholds used from time to time. This inconsistency

prevents data obtained from different sources from being interpreted consistently

(Schroeder et al., 2016).
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CHAPTER 5
METHODOLOGY

Problems with multiple alternatives and features can only be solved with multi-criteria
decision-making (MCDM) tools (Awang et al., 2019). In other words, MCDM
methods are defined as the way of making the most appropriate decision in the

presence of multiple conflicting criteria (Chakraborty et al., 2013).

Researchers have developed various MCDM methods to make the best decision on
problems involving multiple criteria. These methods were frequently compared with
each other by the experts of the subject, and the most appropriate decision-making
methods were tried to be selected for the problems (Karaoglan & Sahin, 2016). Each
MCDM method has many advantages and specialties to solve real complex problems
(Awang et al., 2019). However, the number and variety of MCDM methods have
sometimes confused potential decision-makers (Chakraborty et al., 2013). The most

widely used MCDM methods developed are shown below (Awang et al., 2019).

* Analytic Hierarchy Process (AHP)
« Analytic Network Process (ANP)

 Technique for Order of Preference by Similarity to Ideal Solution
(TOPSIS)

«VliseKriterijumska Optimizacija | Kompromisno Resenje technique
(VIKOR)

+Elimination and Choice Expressing Reality (ELECTRE)

+Grey Relational Analysis (GRA)

# <Preference Ranking Organization Method for Enrichment of
Evaluations (PROMETHEE)

/ *Decision Making Trial and Evaluation Laboratory (DEMATEL)

MCDM METHODS

*Hybrid of MCDM methods

Figure 5.1. MCDM Methods

Source: Awang et al., 2019
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Each MCDM problem is represented by a matrix (X) forming of "m" alternatives and
"n" criteria (Chakraborty et al., 2013).

X117 xln]

Xm1i " Xmn mxn

(1
Kumar et al. (2017) mentioned a common procedure for MCDM analysis in their

study.
* Defining a system with goals to be achieved
* Finding all the criteria that affect the system according to the goals
+ Seeking alternative systems to feed the need of goals
+ Setting priority/ weights to alternatives
* Choosing the MCDM method for the purpose
* Finding and presenting the most suitable alternative for evaluation

In the next section, information will be given about the DEMATEL, fuzzy logic and
Fuzzy DEMATEL methods.

5.1 Fuzzy DEMATEL Method
5.1.1 DEMATEL Method

DEMATEL is a method developed by the Science and Human Affairs Program of the
Battelle Memorial Institute of Geneva between 1972 and 1976. The main purpose of
this method is to investigate and solve complex and intertwined problem groups
(Fontela & Gabus, 1974; Fontela & Gabus, 1976).

The DEMATEL method enables the relationship between the causes and effects of the
criteria to transform the system into an understandable structural model
(Falatoonitoosi et al., 2013). In other words, the DEMATEL method analyzes the total
relationship between the structural components of a research system, then organizing
them into cause and effect groups, thus providing a better understanding of the
relationships. Also, this method enables the discovery of the most suitable solution for

solving complex system problems (Mahmoudi et al., 2019).
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Especially in Japan, DEMATEL is a very popular method. The reason for this is that
it creates a structural model that includes causal relationships between complex factors
and helps them to be analyzed later (Wu, 2008; Chang et al., 2011).

DEMATEL is based on graph theory that provides visual planning and solving of
problems. In brief, it helps to develop a graph to reflect these relationships as well as
verify the interdependence between variables (Li & Tzeng, 2009). This method has
been widely used in researches as it helps to visualize the complex causal structure

among many factors (Zhou et al., 2011). For instance;

e Using a combined ANP and DEMATEL approach to select knowledge
management strategies (Wu, 2008)

e To determine the main success factors of hospital service quality (Shieh et al.,
2010)

e To identify critical success factors in emergency management (Li et al., 2014)

For DEMATEL to be applied without any problems, Wu et al. (2008) developed the
application version used by Fontela and Gabus (1976) and suggested five basic steps
shown below. The necessary steps to apply the DEMATEL method are explained as

follows.

Step 1: Generating
the direct-relation
matrix

Step 2:
Normalizing the
direct-relation
matrix

Step 5: Obtaining
the inner
dependence matrix

Step 3: Attaining
the total-relation
matrix.

Step 4: Producing
a causal diagram.

Figure 5.2. Steps of DEMATEL

Source: Wu, 2008
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Step 1: Generating the direct-relation matrix

To measure the relationship between the criteria, the comparison scale should be
designed as four levels (see Table 5.1). Then the experts perform a pairwise
comparison sequence in terms of influence and direction between the specified criteria.
As a result of these evaluations, a direct relationship matrix is obtained with initial
data, which is an n.n matrix A. In which aij is expressed as the degree to which the

criterion 7 affects the criterion j.

Table 5.1. Pairwise Comparison Scale

Levels Influences
0 No influence
1 Low influence
2 High influence
3 Very high influence

Source: Wu, 2008
Step 2: Normalizing the direct-relation matrix
Based on direct relationship matrix 4, the normalized direct relationship matrix X can

be obtained by the following formulas:

X=k-A )

maxsS " .a.' L, j=1,2,..., n
15;_;'5;” = :

Step 3: Attaining the total-relation matrix

After obtaining the normalized direct relationship matrix X, the total relationship

matrix 7 can be obtained using formula (4) where I is denoted as the identity matrix:

o o 1
T=X(1I-X) @
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Step 4: Producing a causal diagram

The sum of rows and the sum of columns are separately denoted as vector D and
vector R using formulas (5), (6), and (7). Next, the horizontal axis vector (D + R)
called "Prominence" is made by adding D to R, which reveals how important the
criterion is. In a similar way, the vertical axis (D - R) called "Relation" is made by
subtracting D from R, which can divide the criteria into a group of cause and a group

of effect.

In general, for the criteria to belong to the cause group, (D - R) must be positive. In
cases where (D - R) is negative, the criteria belong to the effect group. Thus, a causal
diagram is obtained by mapping the (D + R, D - R) data set and provides important

information in making a decision.

T = ['fl'-_.l’-],«rxu' I_j' = 1.2.,...._ﬁ (5)

(6)

t

R = Z I"." - [I'.f] w1
i=1

lxn (7)

The vector D and the vector R show the sum of rows and the sum of columns from the

T = [y} respectively.

total relation matrix
Step 5: Obtaining the inner dependence matrix

In the last step, the sum of each column in the total-relation matrix is equal to 1 by the

normalization method, and then the inner dependence matrix can be obtained.
5.1.2 Fuzzy Logic
The uncertainties in the real-life problems experienced and the difficulties experienced

in digitizing the verbal evaluation methods can be solved by using fuzzy methods.
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Decision-makers express relationship values with verbal expressions, and fuzzy
numbers help to convert these expressions to numerical expressions correctly. For this
reason, the use of fuzzy methods in solving real-life problems has become widespread
today (Kabaday1 & Dag, 2017).

Zadeh (1965) states that complex world problems become even more complex when
combined with people's thoughts. Also, Zadeh proposed the concept of fuzzy set
theory and introduced the membership function to better understand this uncertainty.
Fuzzy logic provides mathematical expression of subjective, imprecise, and
ambiguous relationships. Each number between 0 and 1 indicates a partial reality (Al-
Najjar & Alsyouf, 2003).

Problems in group decision making are the basis of the generation of fuzzy numbers.
A triangular fuzzy number is expressed as 4 = (I, m, u), where |, m, and u represents
lower, medium and upper number of the fuzzy, which is crisp and real numbers (x <y
< z) (Bashan & Demirel, 2019).

0, x <l
g = (x —D/(m — D), I <x<m
u—-—x)/(u—m), m<x<u
0, X =2u

(8)

Linguistic variables make the statements of decision-makers in their evaluations more
understandable. Suitable for bad and unmanageable situations, these linguistic
variables are represented by fuzzy numbers. The most commonly used are triangular
fuzzy numbers (Lin & Wu, 2008).

In general, the fuzzy linguistic terms proposed by Li (1999) is used in group decision
making.

Table 5.2. Linguistic Terms and Triangular Fuzzy Numbers

Linguistic Terms Triangular Fuzzy Numbers
No influence (NO) (0,0, 0.25)
Very low influence (VL) (0, 0.25, 0.50)
Low influence (L) (0.25, 0.50, 0.75)
High influence (H) (0.50, 0.75, 1.00)
Very high influence (VH) (0.75, 1.00, 1.00)

Source: Li, 1999
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To make better decisions in unstable and fuzzy environments, the need to expand
methods with fuzzy logic has arisen (Wu & Lee, 2008). The fuzzy DEMATEL method,

which arises from this need, was chosen as the most appropriate method for our study.
5.1.3 Fuzzy DEMATEL

Cause and effect relationships are often complex, and the uncertainty in human life
makes this relationship more difficult. Therefore, a method is needed to understand the

causal relationship in fuzzy environments (Lin & Wu, 2008).

The fuzzy DEMATEL method is a common method applied in many fields and by
many authors. For instance, Zhou et al. (2011) to determination of critical success
factors in emergency management, Chang et al. (2011) to improve supplier selection
criteria, and Bashan & Demirel (2019) to evaluate the most common critical

operational failures of ship boilers used the fuzzy DEMATEL method.

Chen-Yi et al. (2007), Yeh & Huang (2014) mentioned the steps of the application
while explaining the fuzzy DEMATEL method in their studies. These steps are:

Step 1: Defining the
evaluation criteria and Step 2: Creation of the

Step 3. Creation of the

designing of the fuzzy - direct-relation matrix - normal|zer(3]g;rri§(ct-relatlon
linguistic scale
V.
Step 4. Creation of the S Step 5. Getting the sum of S Step 6. Drawing of the

total-relation matrix rows and columns.

cause and effect diagram

Figure 5.3 Steps of Fuzzy DEMATEL

Source: Chen-Yi et al. (2007); Yeh & Huang (2014)
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Step 1: Defining the evaluation criteria and designing of the fuzzy linguistic scale

It is the step of expressing the transformation of human logic into numerical
expressions. In this step, linguistic variables suggested by Li (1999) are used (see Table

5.2).
Step 2: Creation of the direct-relation matrix Z

Pairwise comparisons between specified criteria are made by a group of decision-

makers and, the initial direct-relation matrix is obtained.

G [‘0 Zyy - Iy,
1 E R
CilZy Zp ~ 0

()]
Zij = (I , mij, nij)
Step 3. Creation of the normalized direct-relation matrix X

The linear scale is converted into a normalization formula so that the criteria scale can

be converted into comparable scales.

ZZU = (Zf” S my, Zru) andr = max (Zru)
=1 j=1
(10)

A normalized direct-relation fuzzy matrix for X is calculated as follows.

X Xiz - Xig 7 I

X=X X2 - Xon | gpdx, = U= ( Mj r”)

[‘5 R T r rror

xml sz - Ximn (11)
Step 4. Creation of the total-relation matrix T

After the normalized direct- relation matrix X has been created, the total-relation

matrix T can be constructed from the following equations.

T“{{_XZJf"'—kk—£(1+§€+}'(2—---+)"{k'])
= X(I4 X4 X 44X ')(r—k)(;_;‘e)‘l

- | -.
= X(1-X)" ,when  lim X" = (0],
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tn bz o b

T | P2 Bedandiy = (I mpr)

fl'?.I] inliz - fnlm
[;;}] =X % (I-X)!

[m] = X (1 = Xen)™"

(] = X x 1 -x)! (12)

Step 5. Getting the sum of rows and columns

Row and column values are taken from equation (13) and defined as D and R.

T = [t;], i.je{1,2,....n}

n N n .
=1 lna s 1=n

(13)

Step 6. Drawing of the cause and effect diagram

After calculating D + R and D - R, correlations between criteria are analyzed by
diagram D + R represents effects between criteria, while a higher value means a greater
effect. D - R represents causal relationships between criteria. A higher value means
that the criteria are the causes of the other criteria, and the lower one is the results of

the other criteria.
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CHAPTER 6
IMPLEMENTATION OF THE STUDY

Industry 4.0 is a set of applications that are widely used by companies today. The
tendency of companies engaged in servicing activities towards such practices brings
some problems. This section includes the fuzzy DEMATEL method used to evaluate
the barriers encountered by service providers during industry 4.0 applications.
Decision-makers were asked to evaluate the 12 critical barriers obtained as a result of

the literature review. The opinions of 7 decision-makers were used for this study.

This study, which includes the analysis of the barriers in servitization and Industry 4.0
applications, was completed by experts from different companies and different
positions. 7 people working in 7 different service companies in izmir were selected for
this study. This group of experts is people with at least 1 year of experience working
as experts in different service sectors. Experts are involved in the food, logistics,

customs and automotive industries.

While forming an expert group in this study, people who have sectoral knowledge and
who can contribute to the study with their experiences were selected. Information on

experts is given in Table 6.1.

Table 6.1. Information on Experts

Expert Sector Area of Expertise Experience Gender
1 Food Warehouse and Logistics 2 years Male
2 Logistics Operation 1 year Female
3 Logistics Operation 1 year Female
4 Customs Customs Consultant/ >30 years Male

Foreign Marketing

5 Logistics Supply 4 years Male
6 Automotive Sales 1 year Female
7 Logistics Marketing 2 years Male
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6.1 Purpose of the Study

The purpose of this study is to analyze the effect of the barriers faced by companies
engaged in servitization activities in industry 4.0 applications using the fuzzy
DEMATEL method. In this direction, the opinions of experts working in companies
that both provide services and apply or try to apply industry 4.0 technologies in their
processes have been used. As a result of the literature review, 12 criteria were obtained,

and these criteria were directed to 7 decision-makers.

Experts working in companies that started to apply Industry 4.0 technologies helped
us determine the weights of 12 criteria via e-mail. Between February 1 and March 1,
2021, an Excel file containing the criteria was sent to 7 experts by e-mail and from all

of them received feedback.

The criteria obtained as a result of the literature review and evaluated by the experts

in our study are summarized in Table 6.2.

Tablo 6.2 Criteria and Explanation

Criteria Explanation

Industry 4.0 technologies require large amounts of

Lack of financial financial resources (Horvath & Szabo, 2019), so
C1 | resources lack of financial resources lead to implementation
failure.

Companies need large financial investments to be

C2 | Costs and investments/ able to apply Industry 4.0 technologies (Davies,

High Implementation 2015). High implementation costs and investments

Cost constitutes a major barrier.

Insufficient information Insufficient information about customer needs is an
C3 | about customers’ needs important barrier to the progress of processes

(Michalik et al., 2019).

One of the major barriers to be faced during the

C4 implementation of Industry 4.0 technologies was
Lack of qualified that companies did not have qualified employees
employees with the skills that would be required now and in the

future. Because, retraining the employees will be
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both time consuming and cost increasing (Horvath

& Szabo, 2019)

Lack of information/

Sustainable and integrated solutions are needed for
the implementation of long-term strategies, the lack

“ knowledge of knowledge required for these solutions is an
important barrier (Michalik et al., 2019).
Insufficient Companies should be in coordination with their
C6 collaboration- suppliers and other companies, and any disruption in
cooperation / communication will harm companies (Confente et
Coordination problems al., 2015).
Changes in the needs of customers increase the need
1 Insufficient infrastructure | for IT infrastructures in service delivery and lack of
/ Lack of IT infrastructure | IT infrastructures cause them to fail to provide these
services (Klein et al., 2018).
Problems for adapting The inability of people to adapt to new technologies
C8 | new technology will cause processes to slow down (Hussain, 2019).
The data in the systems must be carefully protected
C9 | Data security problems against any threat that may be encountered (Thoben
etal., 2017)., any data security problem will affect
companies negatively.
The most important and effective factor for machine
C10 | Lack of adapting human- performance is human operation and management
machine interaction
(Lee et al., 2014). Therefore, the lack of human-
machine interaction will cause failure.
Uncontrollable digitized machine performance will
CL1 | Uncontrollable digitized | inger the proper execution of applications such as
machine performance .
product quality measurement (Lee et al., 2014).
Incongruence between parameters prevent data
C12 | parameter incongruence

obtained from different sources from being

interpreted consistently (Schroeder et al., 2016).
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6.2 Implementation of the Fuzzy DEMATEL

Step 1: Defining the evaluation criteria and designing of the fuzzy linguistic scale
The determined criteria were evaluated with linguistic variables by seven decision-
makers. They were asked to make pairwise comparisons between these criteria, and
then the statements of each decision-maker were entered into the system through the
Excel program. In this step, linguistic variables suggested by Li (1999) were used (see
Table 5.2).

Step 2: Creation of the direct-relation matrix Z

Relationships between criteria have been evaluated by decision-makers. The group
decision obtained as a result of these evaluations has been transformed into expressions
corresponding to triangular fuzzy numbers. The direct relation matrix Z obtained is

shown in Table 6.3.

Table 6.3 The direct-relation matrix Z

Z | ClL | C2 | C3|C4|C5 | Cb6 | C7T | C8 | CO | Cl0|C11|cCr2
C1 |0,033|0,933|0,467 |0,767 | 0,400 | 0,500 | 0,800 | 0,667 | 0,600 | 0,567 | 0,567 | 0,400
c2 (0,767 |0,033|0,4000,733{0,300 | 0,333 | 0,600 | 0,267 | 0,400 | 0,500 | 0,500 | 0,400
C3|0,233|0,533|0,033|0,500 0,833 0,767 | 0,567 | 0,433 | 0,400 | 0,333 | 0,333 | 0,600
C4 (0,500 0,633|0,700| 0,033 {0,900 | 0,800 | 0,633 0,733 |0,667 | 0,467 | 0,467 | 0,667
C5 | 0,667 |0,767|0,833|0,767| 0,033 0,867 | 0,800 | 0,767 | 0,833 | 0,633 | 0,633 | 0,733
C6 (0,567 |0,667|0,767|0,633|0,667 | 0,033 | 0,500 | 0,667 | 0,533 | 0,567 | 0,567 | 0,600
Ccr (0,767 |0,833|0,867|0,733 {0,867 | 0,533 0,033 |0,833|0,900 0,833 |0,833| 0,800
C8 | 0,567 |0,667 | 0,667 | 0,567 | 0,900 | 0,633 | 0,867 | 0,033 | 0,700 | 0,867 | 0,867 | 0,733
C9 (0,567 |0,600|0,467|0,367|0,667 | 0,567 | 0,733 {0,700 | 0,033 | 0,567 | 0,567 | 0,733
C100,500 0,600 | 0,433 0,600 | 0,733 0,600 | 0,667 | 0,867 | 0,500 | 0,867 | 0,867 | 0,767
C11,0,400|0,467|0,333|0,600 | 0,633 | 0,500 | 0,567 | 0,733 | 0,600 | 0,033 | 0,033 | 0,833
C120,5000,5000,733|0,433|0,733 0,567 | 0,567 | 0,667 | 0,700 | 0,767 | 0,767 | 0,033

Step 3. Creation of the normalized direct-relation matrix X

The normalized-relation matrix was created using equations 10 and 11. The data
obtained are shown in Table 6.4.
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Table 6.4 The normalized direct-relation matrix X

X |Cl|C | C3|C4|C5|C6|C7 | C8 | C9 |Cl0|Cl1|C12
C1 |0,000|0,106|0,053|0,087|0,045|0,057(0,091|0,075|0,068 | 0,064 | 0,064 | 0,045
C2 {0,087 {0,000 0,045 |0,083|0,034 | 0,038 | 0,068 | 0,030 | 0,045 | 0,057 | 0,057 | 0,045
C3 /0,026 | 0,060 | 0,000 0,057 (0,094 | 0,087 (0,064 | 0,049 | 0,045| 0,038 | 0,038 | 0,068
C4 |0,057|0,072|0,0790,000 0,102 |0,091|0,072| 0,083 |0,075| 0,053 | 0,053 0,075
C5 |0,0750,087|0,094 | 0,087 | 0,000 | 0,098 | 0,091 | 0,087 | 0,094 | 0,072 | 0,072 | 0,083
C6 |0,064|0,075|0,087|0,072|0,075| 0,000 (0,057 | 0,075 | 0,060 | 0,064 | 0,064 | 0,068
C7 |0,087{0,094 |0,098 | 0,083 | 0,098 | 0,060 | 0,000 | 0,094 | 0,102 | 0,094 | 0,094 | 0,091
C8 |0,064|0,075|0,075|0,064 (0,102 | 0,072 {0,098 | 0,000 | 0,079 | 0,098 | 0,098 | 0,083
C9 {0,064 0,068 |0,053|0,042|0,075|0,064 {0,083 0,079 0,000 | 0,064 | 0,064 | 0,083
C10 (0,057 (0,068 | 0,049 | 0,068 | 0,083 0,068 |0,075| 0,098 | 0,057 | 0,000 | 0,098 | 0,087
C11 |0,045|0,053|0,038 0,068 | 0,072 0,057 | 0,064 | 0,083 | 0,068 | 0,004 | 0,000 | 0,094
C12 | 0,057 (0,057 0,083 0,049 0,083 0,064 | 0,064 |0,075|0,079| 0,087 | 0,087 | 0,000

Step 4. Creation of the total-relation matrix T

The total-relation matrix is created with the formulas in equation 12. These data are

shown in Table 6.5.

Tablo 6.5 The total-relation matrix T

T Cl | C2 | C3|C4|C5 | Cb6 | C7 | C8B | C9 |Clo|cCi1|cCiz
C1 |0,205|0,336|0,274|0,305|0,297 |0,275|0,326 | 0,313 | 0,293 | 0,268 | 0,293 | 0,285
C2 |0,242|0,1900,220|0,255|0,233|0,213 (0,256 | 0,223 | 0,225| 0,217 | 0,237 | 0,234
C3 |0,201|0,260|0,194 | 0,244 0,303 (0,271 {0,266 | 0,254 | 0,240 | 0,214 0,235 0,270
C4 |0,274|0,325|0,318|0,242 0,367 | 0,326 | 0,329 0,339 | 0,319 0,276 | 0,301 | 0,332
C5 |0,321|0,374|0,363|0,355(0,312| 0,364 | 0,381 0,378 | 0,368 | 0,322 | 0,352 | 0,374
C6 |0,265|0,311|0,306 0,292 0,326 | 0,225 | 0,298 | 0,314 | 0,288 | 0,269 | 0,294 | 0,307
C7 |0,344|0,396 0,380 0,366 (0,418 | 0,346 | 0,315| 0,401 | 0,390 | 0,355 | 0,388 | 0,397
C8 |0,305/0,357|0,3400,329|0,398 0,335|0,381 | 0,293 | 0,350 | 0,339 0,371 | 0,369
C9 |0,264|0,301|0,274|0,263|0,322|0,281(0,318|0,315|0,229| 0,268 | 0,293 0,318
C10 (0,274 (0,320 0,289 0,305 0,350 {0,304 | 0,332 0,353 0,302 | 0,224 | 0,342 | 0,342
C11 |0,2230,260 {0,235 0,259 0,290 0,249| 0,273 0,290 | 0,267 | 0,190 | 0,204 | 0,299
C12 |0,265|0,302|0,310(0,279|0,341|0,293| 0,313 {0,324 0,312 0,295 0,323 | 0,253

Step 5. Getting the sum of rows and columns

After the total relationship matrix was created, the values of R were found by summing

column elements and adding D and row elements.
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Table 6.6. The Degree of Central Role

Criteria D R D+R D-R
C1 3,470785 3,1832 6,65395 0,28762
Cc2 2,745623 3,7326 6,47827 -0,7812
C3 2,951435 3,560162 6,45306 0,24661
C4 3,748225 3,495 7,24299 0,77095
C5 4,265715 3,9562 8,22195 -0,4606
C6 3,495646 3,48306 6,9787 1,01371
C7 4,496767 3,7886 8,28535 0,37764
C8 4,166221 3,7969 7,96315 -0,352781942
C9 3,444156 3,68117 7,02533 0,15479

C10 3,735959 3,235294 6,97125 -0,1953
Cl1 3,039949 3,633348 6,6733 -0,0254
C12 3,607996 3,781647 7,38964 -0,1737

The relationships between criteria are analyzed by showing the found D + R and D-R

values on a diagram (see Figure 6.7)

Table 6.7. Cause and Effect Group

D-R (+) Cause Group: C1, C3, C4, C6, C7, C9
D-R (-) Effect Group: C2, C5, C8, C10, C11, C12
Importance order (descending): C7, C5, C8, C12, C4, C9, C6, C10, C11,C1,C2,C3

Step 6. Drawing of the Cause and Effect Diagram

1,2
1 [
C6
0,8 [ ]
0.6 C4
0,4 C3 )
[ ] Cc7
(]
0,2
C1 .C9
0 )
0 1 2 3 4 5 6 Cc11 7 . 8 9
- [ ]
0.2 10 C12
04 eC8
L)
-0,6 C5
-0,8 [ ]
C2

-1

Figure 6.1 The Cause-and-Effect Relationship Diagram
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Figure 6.1 shows that among the determined critical barriers, C1, C3, C4, C6, C7, C9
are in the cause group, and C2, C5, C8, C10, C11, C12 criteria are in the effect group.
In order of importance, it was determined that the criterion with the highest importance
was C7 (Insufficient infrastructure / Lack of IT infrastructure), and it was concluded
that the most influencing factor were C6 (Insufficient collaboration-cooperation /
Coordination problems). The most affected criterion is the C2 criterion in the effect

group.
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CHAPTER 7
CONCLUSIONS

Servitization is seen as a means of competition among companies and means providing
value by adding services to products. According to Vandermerwe and Rada (1988),
the concept of servitization has gone through 3 stages over time. These are
respectively; (i) Goods or Services, (ii) Goods + Services, (iii) Goods + Services +

Support + Self Service + Knowledge.

With the developing technology, there has been a transition to smart systems and
applications, especially in manufacturing companies. Industry 4.0, which plays a
significant role in the success of companies, has enabled new opportunities. Over time,
researchers and authors have carried out many studies that address these two issues

separately. However, we focused on the integration of these two concepts in our study.

This study focused on industry 4.0 and servitization concepts and evaluated
servitization in terms of industry 4.0. Increasing interest in Industry 4.0 applications
has created a competitive environment among companies. This situation led
companies to adopt these practices, but some barriers were encountered during these

applications.

MCDM methods describe the methods developed to evaluate and analyze all the
criteria that affect decisions. In this direction, many methods have been developed by
the researchers and used widely in studies. Among these methods, Fuzzy DEMATEL
was chosen as the best method suitable for our study. This method determines the
importance order of the criteria as well as revealing the cause-and-effect relationship
between the criteria. The fuzzy DEMATEL method, which enables uncertain human
thoughts to be expressed numerically, has made an important contribution to our study.

With the literature review, the barriers that companies performing servitization
activities will encounter in industry 4.0 applications have been determined. The Fuzzy

DEMATEL method was applied to determine the cause-and-effect relationships

47



among these barriers and to reveal the importance order of these barriers for
companies. This study, which evaluated 12 critical barriers obtained by literature
review, was completed with the contribution of 7 experts. To complete the study, the
opinions of 7 experts working in different companies operating in izmir were taken
into consideration. This group of experts consists of people with at least one year of
experience working in the food, logistics, automotive, and customs sectors. An e-mail
was sent to each of them between February 1 and March 1, 2021 to get the opinions of
the expert group and, feedback was provided. The opinion of each expert was

evaluated one by one and, then the group decision was analyzed.

The barriers faced by companies engaged in servitization activities during industry 4.0
applications, respectively, Insufficient infrastructure / Lack of IT infrastructure (C7),
Lack of information/ knowledge (C5), Problems for adapting new technology (C8),
Parameter incongruence (C12), Lack of qualified employees (C4), Data security
problems (C9), Insufficient collaboration- cooperation / Coordination problems (C6),
Lack of adapting human-machine interaction (C10), Uncontrollable digitized machine
performance(C11), Lack of financial resources (C1), Costs and investments/ High

Implementation Cost (C2), Insufficient information about customers’ needs (C3).

It was determined that the cause group in the barriers encountered in industry 4.0
applications is C1, C3, C4, C6, C7, C9 criteria. The effect group is C2, C5, C8, C10,
C11, C12. Our implementation results show that C7 have the highest importance
among the barriers for industry 4.0 application. The most influencing criteria is C6,

and the most affected criteria is C2.

The Fuzzy DEMATEL method used in this study will be a guide for future studies
using MCDM methods and, this study will also contribute to the literature on

servitization and industry 4.0 issues.
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