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Rapid changes in the contemporary business world impact on the understanding of the theory and practice of a company 
and its relationships with customers. Cognitive computing and Big Data Analytics have opened up new options for 
marketing solutions that allow for the integration of Internet technology into the business, industry sector and decision-
making process. The rapid development of the Internet of Things (IoT), as well as artificial intelligence (AI) and machine 
learning solutions implemented by companies, facilitate increasingly more adequate and value-creating machine to 
machine (M2M) interactions. All of these changes in technology translate into opportunities for marketers. The theory and 
practice of B2B marketing require to carefully consider the influence of technology on value creation, including innovations. 
More research efforts are required into value creation and communication in the world of IoT, AI and M2M interactions 
with regard to relationships between customers and sellers. It can be helpful to analyse industry-specific contexts as well 
as contexts of the emerging vs developed markets.

This special section aims is to present a wide spectrum of new perspectives on B2B marketing with a special focus on the 
connection between marketing and technology. The focus here has been chosen to encourage new and critical views. This 
special section showcases papers that offer innovative insights into issues surrounding mostly B2B marketing and 
technology, which advance our understanding of the contemporary B2B marketing fuelled by technological changes in  
a modern business world. Most of the papers within this special section are related to the International Conference on 
Collaborative Innovation Development — CID Conference, which took place on  June 10–11, 2019, at the Faculty of 
Engineering Management of Bialystok University of Technology.

This special section opens with a timely paper Marketing principles for Industry 4,0 — a conceptual framework by 
Katarzyna Nosalska and Grzegorz Mazurek. The paper advances the understanding of the Industry 4.0 phenomenon in the 
context of changes taking place in the area of marketing in general and in industrial markets in particular. The second 
paper Operationalising Responsible Research and Innovation – Tools for Enterprises by Lukasz Nazarko and Borisas 
Melnikas explores Responsible Research and Innovation (RRI) as a novel approach to governing science and innovation. 
This paper proposes a range of approaches that help operationalise RRI, such as AHP, weighted indicators, maturity models 
and Data Envelopment Analysis. Artificial intelligence and business relationships are the focus of the paper Development 
of Intelligent Agents through Collaborative Innovation by Mateusz Kot and Grzegorz Leszczynski. The authors present 
research-based evidence on the scope of collaboration between users of Business Virtual Assistants (BVAs) and providers 
in the process of BVA development, which is influenced by user interpretation through sensemaking. The paper Integration 
of digital technologies in the sphere of construction in Russian Federation by Elena Aleksandrova, Victoria Vinogradova, 
Galina Tokunova focuses on changes in collaboration innovations in business relationships applicable to the Russian 
construction sector in the period of digitalisation. The following two articles deal with consumer motivations of value 
co-creation. The study by Anna Dewalska-Opitek and Maciej Mitręga entitled "Appreciate me and I will be your good 
soldier". The exploration of antecedents to consumer citizenship provides tentative evidence for some extrinsic and 
intrinsic motivation behind consumer inclination to engage in customer citizenship behaviour (CCB) and co-creating with 
brands they prefer. The research also showcases the multidimensionality of CCB. The paper Internet-based consumer 
co-creation experience of the new product development process by Viktoria Khrystoforova and Dariusz Siemeniako shows 
the interest of consumers in being involved in the online co-creation of new product development. The study indicates 
that the lack of required knowledge results in hesitance to participate among some consumers.

I thank the reviewers for the valuable time given to offer helpful and constructive comments. Special gratitude goes to the 
editorial team: Prof. Joanicjusz Nazarko, Assoc. Prof. Joanna Ejdys and Dr. Danuta Szpilko for providing a platform for six 
papers, which will hopefully facilitate a further debate on links between B2B marketing and technology. 
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Marketing principles for Industry 4.0 
— a conceptual framework

Katarzyna Nosalska, Grzegorz Mazurek

A B S T R A C T
The holistic approach to Industry 4.0 requires a broader look at the changes taking 
place in the area of marketing. Therefore, this article mainly aims to present an outline 
of changes in marketing for companies implementing the concept of Industry 4.0 in the 
context of Design Principles of Industry 4.0. The authors propose a conceptual 
framework for Marketing in Industry 4.0, deriving from the guidelines for designing 
strategies to implement Industry 4.0. 
The paper allows a better understanding of the Industry 4.0 phenomenon in the 
context of changes in the area of marketing in general and in industrial markets in 
particular. The conceptual framework presented in the article suggests a need for  
a new approach to shaping marketing strategies and the marketing mix in the Fourth 
Industrial Revolution and helps in identifying the key areas for the marketing mix 
according to the Industry 4.0 concept.
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Introduction

The current changes in production methods and 
the business environment of manufacturing compa-
nies, caused by the development of new digital tech-
nologies, tend to be described as the Fourth Industrial 
Revolution. Industry 4.0 and Smart Manufacturing 
are related expressions, often used interchangeably 
(Liao et al., 2017). The concept refers to a deep digital 

transformation of value chains, business models, 
products, and services. The changes that are shaping 
this transformation are happening in two integral 
business areas, namely, production and business 
management, and involve a development of smart 
factories that communicate in real time via the Inter-
net of Things in an ecosystem composed of machin-
ery, a network of factories, and people (Kagermann et 

pages:   9-20
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al., 2013). Cloud technologies and the ability to per-
form an intelligent analysis of large data volumes also 
enable the integration of value chains, both vertical 
— occurring inside companies — and horizontal — 
involving other market participants (Jarocka and 
Wang, 2018; Saucedo-Martínez et al., 2017). This 
phenomenon has a direct impact on the changes in 
the management domain of a product lifecycle and 
on the relationships with stakeholders in the market. 
The digital solutions of Industry 4.0 change humans 
as consumers and affect their work processes and 
behaviour. Moreover, considering the extremely 
dynamic and even exponential development of tech-
nology and its impact on society, one can claim that 
changes also occur in the areas of marketing activities 
and marketing tools aiming to adapt them to the new 
reality of today’s markets (Daviy et al., 2017; Sterev, 
2017; Mazurek, 2019; Mazurek and Nosalska, 2018). 

A review of the relevant source literature has 
shown a gap in research regarding the impact of 
Industry 4.0 on marketing. Therefore, the authors 
have prepared a literature analysis with regard to 
marketing theory to present a conceptual framework 
of marketing in Industry 4.0. This article uses qualita-
tive methods and offers a wide literature review to 
propose five main marketing principles for the era of 
the Fourth Industrial Revolution and discuss their 
impact on the overall marketing mix. 

1.	Literature review

1.1. Industry 4.0 — a definition

The Fourth Industrial Revolution determines the 
changes in the domain of manufacturing. It concerns 
a shift in the production practice — from mass to 
personalised production — which results in greater 
flexibility of production processes and provides 
means to satisfy the individual needs of different 
customers more effectively. 

The term is also a direct reference to the changes 
that have taken place over the course of history under 
the influence of the spread of new manufacturing 
technologies, which have prompted radical changes 
in production, society, economy, culture, and busi-
ness. The First Revolution started with mechanical 
production relying on the power of steam and water 
(the so-called Age of Steam), taking place in the late 
18th century. The Second Revolution began in the 
early 20th century, driven by the development of 
electricity, which contributed to the growth of mass 
production. Then, during the 1970s, the development 

of computers and the automation of production pro-
cesses initiated the following — third — industrial 
revolution. Currently, new digital technologies, such 
as Virtual Reality, Augmented Reality, Big Data Ana-
lytics, Cyber-physical Infrastructure (CPS), Internet 
of Things, Additive Manufacturing, Cloud Comput-
ing, Smart Sensors, Artificial Intelligence, Mobile 
Technologies, and Autonomous Robots and Systems, 
are causing material changes in the business environ-
ment and our everyday lives (Mittal et al., 2017; Pfohl 
et al., 2015; Mazurek, 2019). These disruptive tech-
nologies are shaping the Fourth Industrial Revolu-
tion. 

The importance of these phenomena has also 
been noticed at the level of governments of multiple 
countries (Kagermann et al., 2013; Li, 2018). Many 
government authorities have proceeded with the 
introduction of development schemes to increase the 
digitisation of production companies and to facilitate 
the achievement of higher industrialisation index 
rates. One of such schemes is the concept of Industry 
4.0, which was first proposed in Germany in 2011. 
The term is used in Europe interchangeably with the 
Fourth Industrial Revolution, and it is this concept, 
around which the scientific discourse concerning 
digitisation revolves now. The concept has also been 
popularised under different names in different parts 
of the world. For instance, the names functioning in 
the US include the Industrial Internet of Things 
(IIoT) or Smart Manufacturing, or the Internet of 
Things, which describes a broader range of changes. 
The terms refer to similar phenomena encompassing 
the advancing digital revolution, and, thus, fit in the 
general digital transformation trend occurring today.

Many different definitions of Industry 4.0 are 
present in the source literature. Authors, e.g. Her-
mann, Pentek, and Otto (2015), Wang et al. (2017), 
Sandengen et al. (2016) and Tupa et al. (2017), briefly 
define Industry 4.0 as a collective term describing 
changes in the technological scope and the organisa-
tion of value chains. This approach reveals two main 
aspects of the digital transformation in question — its 
technological aspect and its business aspect. 

Many authors emphasise the importance of the 
holistic approach to Industry 4.0, treating the changes 
caused by digitisation very broadly. Strandhagen et al. 
(2017) define Industry 4.0 as an “umbrella term” 
referring to a number of concepts and affecting many 
disciplines in the industry. Generally, defining the 
scope of Industry 4.0 requires listing its specific 
aspects. For example, Saucedo-Martinez et al. (2017) 
sequentially refer to the meaning of Industry 4.0,  
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i.e. (1) the integration of complex machines and 
devices with sensor and software networks used to 
predict, control and improve business activities that 
have a social impact, (2) a new level of organisation 
and value chain management throughout the entire 
product lifecycle, (3) a common term for technology 
and value chain organisation concept, (4) a holistic 
system including IT solutions, people, machines, and 
tools, enabling the flow of goods, services and data in 
a controlled manner in the value chain, using autono-
mous processes and the possibility of high data flow 
capacity and information necessary to make deci-
sions.

Therefore, based on a review of different defini-
tions, Industry 4.0 can be defined as a concept of 
organisational and technological changes that involve 
the integration of value chains and new business 
models, smart products, and services. These changes 
are driven by individual needs of customers, the 
development of digital technologies, data integration, 
and common access to the Internet (Saucedo-Mar-
tínez et al., 2017). 

The concept is actually materialised through  
a network of digital factories, the operation of which 
is based on cyber-physical systems that create virtual 
copies of physical applications that can make autono-
mous decisions. Such cyber-physical systems work 
with and exchange data among themselves, people, 
and other smart factories, thereby creating one ele-
ment of a larger ecosystem of the Internet of Things. 
The smart products they manufacture can also react 
to changes happening in their surroundings in real-
time and make autonomous decisions on their opera-
tion (Wang et al., 2016; Mittal et al., 2017). 

1.2. Role of costumers in a digital eco-
system

	 The original impulse to introduce new solutions 
based on digital technologies was to change the 
method of manufacturing goods by turning from 
mass production to mass personalisation. It was 
caused by a strong trend that involved customer 
demands for custom products. The application of the 
latest technological solutions and the creation of flex-
ible production lines result in the costs of personalised 
low-volume production remaining still similar to the 
costs of mass production. Customer needs are the 
factor that triggers the changes described above. 
Therefore, if the customer and the product have  
a significant impact on the transformation processes, 
one can claim that marketing plays a considerable 

role in business operations pursued in their respective 
markets during the time of the industrial revolution 
(Bettiol et al., 2017). 
	 The activities pursued by companies aiming to 
implement the Industry 4.0 concept are targeted at 
individual customer requirements, calling for cus-
tomer-oriented organisations (von Leipzig et al., 
2017). The customer is treated as the company’s part-
ner who co-creates the product. The process of inte-
grating data in the value chain enables a fuller 
interaction between the customer and the company at 
virtually every stage of value creation. By applying 
technologies — such as virtual reality, 3D print, or 
smart design tools, which are also supported by exten-
sive communication with the customer — the cus-
tomer can participate in creating the product at an 
early stage of research and development (R&D). The 
ability to use fast prototyping that involves 3D print-
ing, combined with the easy operation of product 
configuration software allows companies to work 
closely with customers and, consequently, satisfy each 
customer’s expectations to receive a customised prod-
uct. An example of such a process is what companies 
who manufacture running shoes offer to their cus-
tomers, making it possible for them to order footwear 
that perfectly fits each customer’s foot (for example, 
NIKEiD, Adidas Futurecraft). Such cooperation with 
the customer may be even more extensive in the B2B 
area. An example of such a practice in the B2B market 
is the 3DExperience platform of Dassault Systèmes. It 
is a virtual space that lets a number of people com-
municate and create innovative products (Dassault 
Systemes, 2018). Co-creation reinforces the value 
proposal even further by offering customers the 
option to personalise their own products and services.

According to a forecast by PwC (Reinhard et al., 
2016), changes caused by the implementation of digi-
tal solutions show a large potential for changes in data 
analytics to improve customer relations and analyse 
each customer’s behaviour (so-called customer intel-
ligence). This facilitates access to products, sales, and 
marketing channels. These changes will include, 
among others, management of the order placement 
process and further development of customised prod-
ucts. Such progression of data integration along the 
entire value chain enables the transmission of data all 
the way from the production stage to centralised pro-
duction planning systems and even further — into 
integrated customer service systems. Data coming 
from every stage of the product lifecycle will thus 
become a new information resource for marketing 
and will be useful for the value creation process. 
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One of the factors for gaining competitive advan-
tage in the industry of the future is the ability to 
function effectively in business network ecosystems 
(Teece and Linden, 2017). Therefore, the multitude of 
stakeholders who co-create value and cooperate with 
a company at various stages of value creation will be 
able to create new possibilities but also spawn new 
obligations in terms of marketing. 

The fundamental element of the development of 
digital transformation is the existence of a digital 
ecosystem wherein spontaneous interactions between 
objects, people, and business units occur enabled by 
data exchange processes (Saarikko et al., 2017). 
Therefore, cooperation and deeper integration 
between smaller market players give all the ability to 
succeed in global markets. According to Cisco (Brad-
ley et al., 2015), as many as 40% of companies will 
face the risk of insolvency in the next few years if they 
do not meet the challenges posed by the new reality of 
cooperation taking place now in the digital world. 
Referring to the Darwinian theory of the biological 
ecosystem, also in the digital network, adaptation to 
the changing business environment becomes a condi-
tion for the survival in the market of today and of the 
future (Kreutzer and Land, 2013; Moore, 1993).

A viable solution for enabling integration and 
activity in a network is the digitisation of companies 
and effective process management in the entire value 
chain. This means that enabling the growth of a digi-
tal ecosystem is provided naturally by new technolo-
gies and the ubiquitous Internet, which is also  
a natural progression of the trend of the Internet of 
Things. According to McKinsey’s forecasts, the num-
ber of devices interconnected within this network by 
2025 will exceed 50 billion objects, that is 2.7% of all 
products manufactured, reaching the potential for 
the world economy that amounts to between USD  
4 and 11 trillion (McKinsey Global Institute, 2015). 

1.3. Strategic business changes caused 
by digital transformation

The market of today is becoming more and more 
unpredictable, forcing companies to adopt a more 
flexible outlook on their own strategies. The phenom-
ena that companies face, such as the blurring of the 
boundaries between industries, the shortening of 
supply chains, or the occurrence of coopetition, affect 
the ongoing process of strategic decision-making and 
involve changes in marketing activities with respect 
to value distribution. When analysing the market and 
designing a strategy, marketing teams must fully 
consider all of these factors. 

The rapidly progressing digital transformation 
and the implementation of Industry 4.0 solutions also 
create opportunities to redefine the previous nature 
of business operations and create new business mod-
els or introduce innovations to the existing ones. 
Innovations in products, processes or services alone 
are not sufficient any longer to stay fully competitive 
(Gassmann et al., 2017). A study (Planing and 
Pfoertsch, 2016) conducted among leading produc-
tion companies has proven that their strategic deci-
sionfieldsbelongtotwomain dimensions   —  digitisation 
of products or services and digitisation of business 
models. The authors of this study suggested that to be 
fully successful, companies had to follow these two 
strategic directions simultaneously. However, at pres-
ent, companies most frequently follow the pathway 
towards digitisation of their products. This choice 
may be caused by a focus on the technological dimen-
sion of the phenomenon, translating into opting for 
the simplest solution, which is equipping products 
with data sensors. This choice enables companies to 
collect information from the product use phase and 
use that information further to offer complementary 
value and to profile the product based on the cus-
tomer’s behaviour history. 

In Industry 4.0, a digital product should be con-
sidered not only as the physical result of the manufac-
turing process but also as an intelligent source of data 
collected from the process of its use. The product also 
gains a new virtual dimension, thereby creating  
a digital equivalent of a physical product called  
a digital twin. In a not too distant future, the purchas-
ing process for technology components may change 
completely. It will be necessary for the customer to 
create a digital twin of any product to be able to simu-
late the entire process and test the product first in the 
virtual phase before the actual acquisition of the 
physical equivalent. Such an activity makes it possible 
to reduce customer costs and enable the customer to 
make the right investment decision (Uhlemann et al., 
2017). 

As MIT’s Capgemini studies show (Westerman at 
al., 2012), to reach the highest digital maturity, which 
directly affects the financial results gained, it is neces-
sary for companies to develop strategic and techno-
logical investments simultaneously for successful 
organisational changes within their structures. The 
entire digitisation process should, therefore, be 
treated as a project that involves extensive changes 
both in the company and in its positioning in the 
digital business ecosystem.
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2.	Conceptualisation 

Aiming to structure marketing changes caused 
by the impact of new digital technologies and the 
frequently growing number of new business models, 
the authors of this paper propose a conceptual frame-
work for marketing in Industry 4.0. The development 
and structuring of the concept involved the use of the 
qualitative method proposed by Jabareen (2009), 
which defines a conceptual framework as “a network 
or a plane of linked concept”. This method of analysis 
offers a procedure of theorisation for building con-
ceptual frameworks based on the grounded theory 
method. The analysis is supported by a broad litera-
ture review performed in the area of research on the 
development of the Industry 4.0 concept in the con-
text of changes taking place in the domain of market-
ing.

The authors have put together two concepts — 
the Design Principles of Industry 4.0 (Hermann et al., 
2016) and the popular Marketing 4.0 concept offered 
by Kotler, Kartajaya, and Setiawan (2016). The 
method makes it possible to combine two multidisci-
plinary areas of knowledge — technology and busi-
ness — allowing a better understanding of the 
Industry 4.0 phenomenon related to changes in the 
area of marketing in general and in industrial markets 
in particular. 

When analysing the source literature and the 
principles of the concept of Industry 4.0, one may 
notice that the main elements of a marketing mix 
remain under the considerable influence of the 
Fourth Industrial Revolution. This also necessitates 
changes in the planning of marketing tools, which 
has been defined by Kotler, Kartajaya, and Setiawan 
(2016) in the Marketing 4.0 concept. This stage of the 
marketing mix evolution not only focuses on the 
digital dimension of the relationship but also com-
bines online and offline interactions between the 
customer and the company, using digital technologies 
to strengthen the actual customer engagement. 

The traditional marketing mix has undergone 
multiple evolution stages, transforming from 4Ps to 
4Cs (co-creation, currency, communal activation, 
and conversation; Kotler et al., 2016). However, in the 
case of companies that implement Industry 4.0 solu-
tions, effective marketing strategies that yield positive 
results require an innovative outlook on the market-
ing mix as well as a profound understanding of the 
holistic meaning of the Industry 4.0 definition. This 
approach is all the more suitable if we relate it to the 

main phenomena that mark the Fourth Industrial 
Revolution, meaning the processes of integration of 
data in value chains. Data generated at various stages 
of value creation become available to each one of the 
chain elements, bringing about new opportunities to 
use diverse data in the value creation process. Also, 
new business models that form one of the main pil-
lars of Industry 4.0 make it necessary to look at the 
marketing mix from a new perspective.

Aiming to derive the basic principles for market-
ing that should form the basis for the creation of 
effective marketing strategies, it is reasonable to take 
a closer look at the four principles of Industry 4.0 as 
defined by Hermann, Pentek, and Otto (Hermann et 
al., 2015, 2016), which facilitate the transformation of 
companies and the actual achievement of digital 
maturity according to the concept of Industry 4.0. 
The principles support companies in identifying and 
implementing Industry 4.0 scenarios and lie at the 
core of the functioning of companies according to 
Industry 4.0. These principles are (1) Interconnec-
tion, (2) Information Transparency, (3) Decentralised 
Decision, and (4) Technical Support — Virtual and 
Physical Assistance. They also have their own impli-
cations for both organisation management and mar-
keting. 

The authors of this paper offer an interpretation 
of these four principles in the context of the need to 
use them in the process of building a marketing 
strategy and planning a marketing mix. Based on the 
Design Principles and literature review, a conceptual 
framework for marketing in Industry 4.0 has been 
presented.

2.1. Design principles of Industry 4.0 in 
the context of marketing 

Interconnection

As already mentioned, interconnections between 
the elements of a digital ecosystem are the essence of 
the Fourth Industrial Revolution. Machines, devices, 
products and people are connected to the Internet of 
Things, thereby creating the highest degree of net-
work development — the Internet of Everything. This 
way, all of the interconnected objects can share infor-
mation, which becomes the basis of cooperation 
aimed at achieving common goals. We can distinguish 
three types of cooperation within the IoE: human–
human, human–machine, and machine–machine. It 
is important to maintain the interoperability of the 
ecosystem and the modular nature of these solutions, 
aimed at making it easier for companies to adapt 
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themselves smoothly to the dynamic changes in the 
market and to better meet individual requirements of 
their customers. Modularity is extremely important 
in product design as it facilitates configuring an indi-
vidual version of a product according to specific cus-
tomer requirements. It is also a basic property that 
makes it possible to build a product configuration 
tool which is then used by customers as part of offer 
customisation.

Information transparency

Aiming to effectively integrate the growing num-
ber of interconnected objects and people and create 
virtual copies of a physical company, transparency 
and – in some measure – standardisation of informa-
tion flow and processes is required. It is an indispens-
able element of effective data exchange between the 
stakeholders of a business ecosystem, and an essential 
feature of the integration of value chains and supply 
chains. To draw reasonable conclusions and make 
good decisions, data coming from sensors must be 
connected with other contextual information about  
a process, about the condition of the devices, and 
about the products, and then be analysed and inter-
preted accordingly. 

To benefit from full transparency of the decisions 
being made, the results of data analyses must be made 
available to all participants of a given value chain in 
real-time. The cooperation based on transparent data 
is clearly illustrated by the functioning of the business 
platform model, wherein data exchange standards 
and the ability to share those standards are imposed 
by the creator of the system, while the decisions con-
cerning the use are assigned to participants of a given 
platform. These new sources of information coming 
from business partners and various stages of product 
life are a major challenge to marketing and an area for 
new opportunities to take better advantage of mar-
keting in the efforts to shape a full marketing mix.

Decentralised decisions

Decentralised decisions are based on the inter-
connection of objects and people as well as on the 
transparency of information placed along the entire 
value chain. This kind of network makes it possible to 
use local and global information for more effective 
business decision-making. This way, participants of 
the ecosystem are given a chance to make autono-
mous decisions based on generally available data. 

Naturally, trust is another aspect mentioned in 
the open and sharing economy theory, which is 

important here as well. Strengthening the sense of 
trust between partners is one of the challenges posed 
for the Fourth Industrial Revolution. To overcome 
this challenge and build strong relationships based on 
mutual trust, it is important to implement solutions 
in the field of cybersecurity and change the organisa-
tional culture of enterprises. The issue of decentral-
ised decisions and trust also concerns the ability of 
companies to design smart products that are able to 
make autonomous decisions and react to the stimuli 
in their environment in real-time. One of the most 
advanced examples of a smart product is Tesla, an 
autonomous car. It paves the way for similar solutions 
not only in technology development but also in terms 
of legal regulations. 

Technical support — virtual and physi-
cal assistance

Owing to the growing complexity of production 
and business processes in the reality of the Fourth 
Industrial Revolution, people are supported by virtual 
and physical assistants based on new technologies 
(e.g. tablets with smart software, smartphones, robots, 
virtual assistants, and robo-advisors). Such systems 
visualise and aggregate information transparently to 
facilitate informed decisions. The application of vir-
tual reality is one example that uses technologies to 
help customers make decisions. There are already 
many solutions based on this technology, and they 
make it easier, for instance, to choose a flat and its 
furnishing or configure the interiors of a car. Virtual 
and augmented reality solutions reinforce the cogni-
tive stimuli that motivate the customer to select the 
most suitable offer (Scholz and Smith, 2016). Another 
example of innovative application of technology may 
be the design of a virtual reality-based training simu-
lator by Siemens. This solution makes allows acceler-
ating the training of employees in difficult conditions 
or in distant targeted workplaces (Schröder, 2018), 
e.g. on drilling platforms.

To sum up, the Design Principles of Industry 4.0 
(Hermann et al., 2016) provide a set of main direc-
tions and suggestions for implementing marketing 
strategies and creating a marketing mix. These 
include:
•	 ensuring connectivity with the customer and the 

product (connectivity) and using the possibility 
of collecting and analysing data throughout the 
product lifecycle to recognise the needs and cus-
tomer behaviour in greater detail, even in real-
time (cognitivity), which gives an opportunity to 
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Fig. 1. Marketi ng Principles for Industry 4.0

co-create value with the customer at every stage 
of product creation (co-creation), personalised 
customer communication (conversation), and 
cooperation in the supply chain (cooperation);

• the ability to use data from the entire product 
lifecycle to implement product servitisation and 
new business models;

• the development of product autonomisation;
• the digitisation and data integration in the value 

chain (vertical and horizontal), enabling trans-
parent exchange and sharing of data between 
business partners, customers and company 
employees;

• taking advantage of product simulation and vir-
tualisation capabilities (creating digital twins 
of physical products);

• the creation of a product off er based on the prin-
ciples of standardisation and modularity;

• making use of digital customer assistants.

2.2. Principles for marketing in industry 
4.0

Speaking of a digital business ecosystem, we talk 
about the connectivity of and among stakeholders, 
which enables cooperation, communication, as well 
as the co-creation of personalised value that is created 
on the basis of data available in real-time and coming 
from the cognitive processes that analyse customer 
behaviour. Both customers and other market partici-
pants, e.g. business partners or suppliers who partici-
pate in a vast digital business ecosystem, should be 
treated as stakeholders of the ecosystem. Th erefore, 
based on an in-depth literature review of the idea of 
Industry 4.0, the authors propose a set of the main 
principles of marketing for the Fourth Industrial 
Revolution. Th ese principles are: 
• Cooperation, 
• Conversation, 

• Co-creation, 
• Cognitivity, 
• Connectivity. 

Th ese fi ve principles can be combined by a con-
text of using the approach to the marketing mix and 
thus off er an innovative concept. In the new proposi-
tion of the marketing mix, the creation of a product is 
based on co-creation, and its promotion involves 
mutual communication with product stakeholders in 
the market, while the distribution is based on the 
cooperation in a full business ecosystem, and its price 
is determined dynamically based on the data gathered 
from the cognitive processes that analyse customer 
behaviour in real-time. All four elements then merge, 
utilising the basic principle of connectivity (see Fig. 
1). Th e implementation of these principles is possible 
with the use of new digital technologies and by build-
ing strategies according to the Industry 4.0 concept.

Co-creation

We are currently talking about products being 
co-created by customers through their active involve-
ment in the value creation process, e.g. by selecting 
customised parameters of a product being ordered 
via an online confi guration tool, or about the impact 
of customer voices and opinions shared on social 
media, and about the impact on brands and products. 
Th e cooperation with a customer taking advantage of 
mobility and Internet access reinforces the innovative 
nature of products and enables companies to perform 
a quick validation and tests of their new projects. We 
can then already speak of the customer as a co-
designer, a co-marketer, a co-brander, and a co-pro-
ducer. Th en, undoubtedly, we can conclude that the 
customer’s knowledge and knowledge about the cus-
tomer become the company’s greatest asset. 

Th e Fourth Industrial Revolution and the new 
technologies that come with it position the customer 
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in yet another role, releasing the customer from full 
and active engagement in the product co-creation 
process. In a digital ecosystem, the customer co-cre-
ates value unknowingly, by making the data on the 
manner of using a given product available and thus 
enabling the company to adjust their offer even more 
precisely to fit the customer’s needs. By analysing 
historical data, artificial intelligence algorithms can 
learn and become able to discover the hidden needs 
of customers rather than just react to the circum-
stances. 

Thanks to data-collecting sensors and artificial 
intelligence algorithms, we are already dealing with 
smart products. Such products allow for the analysis 
and interpretation of data, the prediction of failures, 
and autonomous decision-making. The advancing 
technology of AI-based voice assistants opens an 
entirely new chapter in the domain of product devel-
opment, thereby starting the process of an actual 
product humanisation. Therefore, the most important 
task is to develop the Smart Product vision, and from 
a technical point of view, to ensure the access to data 
provided by the customer and the connection of 
products to the Internet. Then, under such circum-
stances, the customer participates in “unconscious 
co-creation” of value. However, the psychological 
aspect of opening customers to new technologies and 
ensuring the security of the data they generate is 
equally important. Looking at a product as a source of 
access to very reliable user data, companies should 
start creating new business models. The “as a service” 
model is currently one of the most popular solutions, 
which gives companies a new way to obtain income 
not only from the sale of products but also from, e.g., 
renting products to be used by customers. Tires-as- 
a-service implemented by Michelin is one example of 
this model (Frontere, 2013). “Engine-as-a-service” 
called TotalCare, offered by Rolls-Royce, is another 
example (Rolls-Royce, 2014). In this model, the com-
pany offers jet engines as part of a “power by the 
hour” payment, thus enabling payments to airlines 
for the use of their engines depending on several 
variables, including the duration of the flight. There-
fore, the use of new business models today consider-
ably diversifies portfolios of companies and offers still 
newer opportunities to build a competitive advantage 
in this new industrial revolution. 

Conversation

Considering the increasing focus of companies 
on their customers, which is aimed at personalising 
the products and services they offer, companies are 

gradually adopting new strategies of brand promo-
tion using the dialogue with their customers to ben-
efit from long-term engagement and interaction. 
Using generally accessible mobile technology, the 
modern customer of today is a digital native who has 
an enormous power to influence brands through 
their ongoing activity pursued in social media or 
blogs and by sharing their thoughts and opinions 
online. Nowadays, it is possible to engage in direct 
conversations with customers on the Internet in real-
time. The application of intelligent algorithm solu-
tions and modern big data technologies leads to the 
development of new communication tools, such as 
chatbots, virtual assistants, and even marketing auto-
mation solutions. A message based on the strategy of 
attraction and the use of content marketing and digi-
tal content distribution channels can all encourage 
customers to enter into a dialogue with a company 
through the provision of useful content that matches 
their unique current needs as they are appropriately 
profiled. 

Most of all, the Fourth Industrial Revolution 
offers many new ways of collecting customer data in 
real-time, which reinforce the need to apply real-time 
marketing. The voice assistant solutions mentioned 
here earlier, such as Siri or Google Assistant, can 
“talk” with the customer on the level of human bond-
ing and, thereby, completely revolutionise the 
assumptions made for brand promotion strategies. 

Cooperation

In a digital ecosystem, partnership and coopera-
tion become the basis for the operation of companies 
that do not consider their participation in the market 
only in terms of competition with other brands any 
longer, but instead take the opportunity to work with 
them and take advantage of their best competencies 
(Subramaniam et al., 2019). One of the most popular 
examples of cooperation between two large competi-
tive brands is the current ongoing partnership 
between Apple and Samsung in the area of supplying 
components for Apple products.

Cooperation can also be seen manifested in the 
formation of smart supply chains, wherein technol-
ogy makes it possible for all chain participants to use 
a transparent data system to increase supply effective-
ness and reduce the time to market. For example, by 
gaining access to data sources generated by partners 
and using big data technology, companies may indeed 
transform business models and outline new opportu-
nities for cooperation in the value chain. This strat-
egy enables them to arrive at an additional, unique 
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information asset, which could never be accessed 
without initiating this kind of cooperation. On the 
other hand, companies more and more frequently 
reduce their supply chains and distribution networks 
by turning to new business models and e-commerce 
solutions. This change is illustrated by the project 
announced in late 2017 for the construction of a 
joint sale platform for Unilever, Mars, and Reckitt 
Benckiser, which – according to the announcements 
– would offer products cheaper by about 30% com-
pared to the prices normally offered in the traditional 
sales channels (The Telegraph, 2017).

When creating a product distribution plan, one 
should also bear in mind that a company is a part of  
a larger ecosystem, where strong cooperative ties 
with other market participants are what matters. It is 
important to remember to work towards making the 
most of these ties.

Cognitivity

The Internet makes it easier for customers to 
control prices through auctions and negotiations 
with multiple suppliers of the desired product. It also 
allows companies to adjust their prices dynamically 
to the current demand — or the preferred customer 
profile — in real-time. This concept is clearly illus-
trated by the diversification of the fare rates in Uber, 
which vary depending on the time of day and the 
volume of orders at a particular time and in a par-
ticular place. The ability to profile customers based 
on an analysis of the history of their activity on the 
Internet — or even the operating system they use — 
enables airlines to diversify rates depending on their 
customers’ outlined profiles. Amazon is a master in 
the domain of use of customer data and market 
trends as it searches its databases and reacts to the 
current demand for a particular product range, pro-
filing any special offers for each customer and any 
complementary products, thereby determining these 
prices dynamically. 

Considering the growing volume of data gener-
ated in sales and coming directly from smart prod-
ucts, we will gain more and more opportunities in 
the future to utilise variables found in the price 
selection algorithms. Therefore, the answer to the 
traditional question being “how much does it cost?” 
is far from simple.

Connectivity — the holy grail for 5CS

Looking at the above four principles and the 
examples given, we may conclude that they would not 

have become practicable if it had not been for the 
Internet. It is the Internet that forms the basis of the 
digital ecosystem seen today and gives us the exact 
ability to exchange data gathered from sensors. All 
digital technologies indeed achieve their real value 
only when such connectivity is employed. This feature 
not only unites the concept of the marketing mix 
presented here but also defines the key role that con-
nectivity plays in this list and, indeed, predestines this 
role and its outcomes for becoming one of the major 
marketing principles of the Fourth Industrial Revolu-
tion.

3.	Discussion of the results

The scientific discourse on Industry 4.0 focuses 
currently mainly on the technological aspects of the 
occurring changes. The holistic meaning of Industry 
4.0 suggests a need for a multidisciplinary approach 
to identifying the changes emerging in various areas 
of business operations. Using this approach as  
a direction to follow in the understanding and devel-
oping the concept (in both practical and scientific 
fields), the authors have proposed the main market-
ing principles for Industry 4.0. 

The authors also emphasise that technologies are 
only “enablers”. They make it possible to develop 
relationships in business ecosystems, facilitating 
communication between market participants. It is 
not enough to implement a single technology in  
a company without considering all the processes in 
the related value chain and the stakeholders who cre-
ate it. A competitive advantage based only on the 
implementation of new technologies is by its very 
nature only short-term (Carr, 2003). Only a strategic 
organisational change, effective process management, 
a redefinition of production paradigms, a change in 
business models, an openness to cooperate, and  
a willingness to participate in a digital ecosystem 
provide unique opportunities to entities seeking  
a long-term advantage. 

The role of technology and IT systems is crucial 
– but it is not the only factor that counts. Without 
applying a new strategy, it is not possible to take full 
advantage of the introduced organisational changes. 
For this reason, an effective strategy produces the 
synergetic effect formed between the use of new 
technologies and innovative business solutions. Sev-
eral examples of these impact areas related to various 
technologies on business operations and marketing 
are described in Table 1. As the examples suggest, 
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these are also enablers within the meaning of the 
theory of five marketing principles of the Fourth 
Industrial Revolution as presented below. 

Conclusions 

All five marketing principles not only intertwine 
through the existing component of connectivity. They 
also form a holistic concept of creating innovative 
and effective marketing tools in the times of the 
Fourth Industrial Revolution. If contemporary com-
panies prove their ability to adopt these rules as 
guidelines to plan their revolutionary marketing 
strategies, this move will offer them a unique and new 
perspective for standing out and building greater 
long-term competitive advantages that should lead to 
even greater business success in the modern digital 
business ecosystem. 

The presented conceptual framework highlights 
the area and direction of further research in the field 
of marketing in the context of the development of 
Industry 4.0, which can enrich the existing scientific 
literature with new perspectives for a better under-
standing of the emerging changes brought by digital 
transformation.

Tab. 1. Examples of technologies supporting Marketing Principles in Industry 4.0

Marketing  
Principles (5Cs) 

Supporting 
technology Changes brought by the supporting technologies

Connectivity
Cooperation
Communication
Co-creation

IoT and 5G The technologies make it possible to obtain data on the use of products directly from the 
customer in real-time
Such technologies connect multiple devices and products into a network of independent 
objects, which are additionally supported by artificial intelligence algorithms that can make 
autonomous decisions

Connectivity
Cooperation
Communication  
Co-creation

Cloud  
Computing

It enables the formation of a network for the exchange of transparent data available to every 
network participant. It facilitates the building of a digital ecosystem and the creation of new 
business models (e.g. a business platform model or Product as a Service)

Cognitivity Big Data An analysis of large data volumes makes it possible to identify regularities and market trends, 
thereby offering cognitive conclusions on the use of products and customer behaviour previ-
ously unavailable to marketing planning. This focus enables more dynamic pricing

Cognitivity AI It facilitates the identification of customer behaviours and the prediction of their prefer-
ences and needs and makes it possible to offer a more personalised complementary value 
to customers

Co-creation 3D Printing It enables customers to take part in fast prototyping and testing of products already at the 
research and development stage and extends the spectrum of product personalisation, of-
fering the highest possible level of customisation 

Co-creation
Cooperation

VR/AR It enables better visualisation of a company’s offer through the use of each customer’s per-
sonal sense of space. 
This facilitates designing products in a three-dimensional virtual space

Co-creation
Cooperation

Simulation It makes it possible to create a digital twin that gives an opportunity to test the functionality 
of a given product before buying it
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A B S T R A C T
Responsible Research and Innovation (RRI) is an emerging paradigm and a novel 
approach to governing science and innovation with the aim of making them ethically 
acceptable and socially desirable. RRI concept has become a popular term as a result 
of making it a cross-cutting theme for the Horizon 2020 Framework Programme. Up to 
date, research on the topic has focused on conceptual problems (relation with similar 
concepts as well as ethical, moral, philosophical, cultural underpinnings and 
assumptions) and on the possibilities of making the concept relevant to the Research 
& Innovation community in Europe and worldwide. Despite some initial efforts, there 
is still a need to further develop methods and techniques that could make RRI a useful 
framework for conducting innovation activities, especially in the business environment. 
The aim of this paper is to propose a range of approaches that help operationalise RRI. 
The approaches employ methods such as weighted indicators, maturity models and 
scorecards.
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Introduction

Technological progress and radical innovation 
carry promise of a higher life quality but at the same 
time are inseparably connected with risks and uncer-
tainties. Many inventions also raise critical ethical 
issues. Genetically modified organisms (including 
food), vaccinations (especially for children), shale gas 
drilling, gene editing, mass surveillance, nanotech-

nologies, robotics, brain-machine interface – these are 
just examples of controversial topics where hopes and 
fears collide in society. Supporters and opponents of 
particular scientific and technological achievements 
may have very diverse mixes of values and beliefs. 
They support their positions with scientific evidence 
and economic considerations that may overlap or 
diverge. In this context, strong tensions may arise.
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OECD identifies several trends that are currently 
prominent in the Science, Technology and Innova-
tion (STI) policy practices. The first trend is related to 
design thinking and experimentation as novel 
approaches to policy formulation and delivery, with 
the aim of making STI policy more agile. The second 
trend concerns the digitalisation of STI policy which 
enables basing the policy on evidence that can be 
uncovered thanks to sophisticated big data analysis 
techniques. The last trend, which is relevant to the 
topic of this paper, is the growing influence of 
Responsible Research and Innovation, which places 
greater emphasis on broader public engagement in 
STI policymaking (OECD, 2016).

There is a growing tendency to see science, tech-
nology and innovation not as a goal per se but a cru-
cial means to tackle societal problems and Grand 
Challenges. This calls for an inclusive, anticipatory 
governance of technological change that includes 
assessment of benefits and costs and an active shap-
ing of future development pathways. In this light, 
increased attention is paid to a concept called 
Responsible Research and Innovation (RRI). 

Since the introduction of the RRI concept around 
2011, RRI principles have diffused into policy agen-
das, funding programmes and governance arrange-
ments. European Commission has funded dozens of 
RRI-related projects with the amount of more than 
100 million EUR (Nazarko, 2019). The aims of those 
projects were related to grounding the RRI concept in 
the current theory and making this concept relevant 
to various groups of stakeholders. In author’s opinion, 
the challenge that still needs further effort concerns 
the perception and reception of RRI in the business/
industry environment. This paper’s goal is to contrib-
ute to this effort by proposing several approaches to 
operationalising RRI for enterprises. The work starts 
by summarising the current discourse on the topic of 
responsibility in research and innovation. Next, it 
reviews the achievements of projects that aimed at 
developing RRI-related tools for enterprises. Finally, 
author’s original concepts of RRI-related tools are 
proposed. The paper ends with conclusions and indi-
cation of further research directions.

1. Responsible Research and 
Innovation – concept still 
under construction

Responsibility is a term that, at the first glance, is 
non-controversial. Everyone agrees that people, busi-

nesses, state institutions should be responsible and 
act responsibly. However, there is no clarity as to what 
it means to be responsible or act responsibly in the 
context of research and innovation activity. As Pavie 
et al. (2014) conclude, responsibility for a firm is just 
as hard to define as for an individual. In the recent 
years, a number of definitions and interpretations of 
RRI has been proposed (Tab. 1).

The third column of Tab. 1 is the evidence of how 
diverse the perspectives on RRI might be. At the same 
time, some common lines of thought can also be dis-
tinguished: shared responsibility among various 
stakeholders, future orientation, focus on societal and 
environmental challenges, stress on reflection, delib-
eration, openness and inclusion.

Ceicyte (2019) presents a useful distinction 
between normative and processual approach to RRI 
(Tab. 2). Having in mind the variety of approaches to 
RRI it is necessary to delineate the boundaries of 
research field(s) that deal with RRI. The same author 
provides a comprehensive overview of perspectives 
though which RRI can be analysed (Tab. 3).

Performed literature review resulted in the con-
clusion that a large portion of earlier scientific publi-
cations about RRI relate more to STI policy actors 
and public institutions rather than to industry (Grun-
wald, 2014). This is also reflected in the composition 
of project consortia that have ran RRI-related activi-
ties funded through European Union’s Horizon 2020 
programme. Clear majority of the consortia members 
are universities and public funding agencies with for-
profit organisations constituting less than 15% of all 
participants (Nazarko, 2019). However, recent publi-
cations address the business context more intention-
ally (Halme and Korpela, 2013; Gurzawska et al., 
2018). The awareness is rising among scholars and 
policy makers that making RRI relevant to enterprises 
is the primary challenge and the ultimate test of the 
significance of RRI as a conceptual framework guid-
ing innovation. This paper attempts to strengthen the 
RRI concept and contribute to the current discourse 
(Flipse et al., 2015) by offering ideas for operational-
ising RRI at the organisational level.

2. Overview of RRI-related  
initiatives

Reflection on responsibility in the context of 
research and innovation activity is not a new phe-
nomenon and it has been present in academic, policy 
and business circles for decades. However, the very 
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Tab. 1. Definitions and interpretations of RRI

Author(s) Definition/Interpretation Distinguishing elements

Sutcliffe (2011) 1. The deliberate focus of research and the products of innovation to achieve  
a social or environmental benefit
2. The consistent, ongoing involvement of society, from beginning to end of the 
innovation process, including the public & non-governmental groups, who are 
themselves mindful of the public good
3. Assessing and effectively prioritising social, ethical and environmental im-
pacts, risks and opportunities, both now and in the future, alongside the techni-
cal and commercial
4. Where oversight mechanisms are better able to anticipate and manage prob-
lems and opportunities and which are also able to adapt and respond quickly to 
changing knowledge and circumstances
5. Where openness and transparency are an integral component of the research 
and innovation process

Social or environmental benefit 
as the main goal
Involvement of society
Assessing social, ethical and 
environmental risks
Anticipatory and adaptive
Open and transparent

Grunwald (2011) RRI as a new umbrella term with new accentuations which may be character-
ized by:
- involving ethical and social issues more directly in the innovation process by - 
integrative approaches to development and innovation;
- bridging the gap between innovation practice, engineering ethics, technology 
assessment, governance research and social sciences (STS);
- giving new shape to innovation processes and to technology governance ac-
cording to responsibility reflections in all of its three dimensions mentioned 
above;
- in particular, making the distribution of responsibility among the involved ac-
tors as transparent as possible

Distribution of Responsibility
Reflection about responsibility 
at all levels of the innovation 
process

Geoghegan-Quinn 
(2012)

Responsible Research and Innovation means that societal actors work together 
during the whole research and innovation process in order to better align both 
the process and its outcomes, with the values, needs and expectations of Euro-
pean society. RRI is an ambitious challenge for the creation of a Research and 
Innovation policy driven by the needs of society and engaging all societal actors 
via inclusive participatory approaches

Alignment of processes and its 
outcomes with the society’s 
values, needs and expectations

von Schomberg 
(2012)

A transparent, interactive process by which societal actors and innovators be-
come mutually responsive with a view to the (ethical) acceptability, sustainabili-
ty and societal desirability of the innovation process and its marketable products 
(in order to allow a proper embedding of scientific and technological advances 
in our society)

Multidirectional (mutual)  
responsibility of societal actors
Ethical acceptability
Social desirability

van den Hoven 
(2013 and 2014)

Responsible Innovation is an activity or process which may give rise to previously 
unknown designs either pertaining physical world (...), the institutional world 
(...) or combinations of these, which when implemented expand the set of rel-
evant feasible options regarding solving a set of moral problems

Providing new options for  
solving pertaining moral/ethical 
problems

Stigloe et al. 
(2013)

Responsible innovation means taking care of the future through collective stew-
ardship of science and innovation in the present

Future-oriented look at collec-
tive responsibility

Owen et al. 
(2013)

The first and foremost task for responsible innovation is then to ask what futures 
do we collectively want science and innovation to bring about, and on what val-
ues are these based?

Collective nature of RRI  
processes

Future orientation

Stahl (2013) RRI is a higher-level responsibility that aims to shape, maintain, develop, coor-
dinate and align existing and novel research and innovation-related processes, 
actors and responsibilities with a view to ensure desirable and acceptable re-
search outcomes

RRI as meta-responsibility

Pavie and Carthy 
(2013)

RRI is an iterative process throughout which the project’s impacts on social, eco-
nomic and environmental factors are, where possible, measured and otherwise 
taken into account at each step of development of the project, thereby guaran-
teeing control over, or at least awareness of, the innovation’s impacts through-
out the entire life cycle

Relevance for business context
Reflection on impact through the 
entire product life cycle

Wilford (2015) RRI re-engages the individual with personal responsibility at the same time as re-
inforcing institutional responsibility. This means that RRI creates a step-change in 
the way that those who are engaged in research and innovation should consider 
the impact of what they do

Combination of personal  
responsibility and institutional 
responsibility

Gianni (2016) RRI is a model and an active process by which we can achieve the social objec-
tives set by the European Commission, i.e. the development of research and in-
novation for the sake of increasing the general level of well-being in democratic 
societies.

Duality of RRI: model (normative 
dimension) and process (proces-
sual dimension)

RRI valid in a democratic society
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Tab. 2. Conceptual distinction between normative and processual approach to RRI

Responsible Research and Innovation

RRI as a normative goal
To tackle the Grand Challenges, solve 
moral/ethical issues connected scientific 
and technological development

RRI as a normative process
Making sure that the R&I activities follow 
the principles of anticipation, inclusion, 
reflexivity and responsiveness

Source: author’s elaboration on the basis of (Ceicyte, 2019).

concept of RRI is relatively new (about 8 years since its 
introduction in the EU jargon) and, as a matter of fact, 
quite Europocentric. Nevertheless, one can notice that 
principles similar to those included in the RRI concept 
have been integrated into innovation policy agendas in 
some non-EU countries too. Japan’s 5th S&T Plan for 
2016-2020 focuses on sustainable growth and solving 
global problems. Funding agencies in Norway and 
Peru have also been targeted to mainstream RRI prin-
ciples (OECD, 2016). In the USA, STIR (Socio-Tech-
nical Integration Research) project offers an 
experimental platform for scientists and engineers to 
incorporate the RRI thinking into their activities.

Horizon 2020 and other EU programmes like 
Interreg focus on societal challenges and have pro-
vided funding for a number RRI-related projects. 
About 500 participants from ca. 50 countries formed 
consortia to implement RRI-related projects in the 
framework of the H2020 programme. Only 5% par-
ticipants represented non-European countries (Naz-
arko, 2019). Low number of cross-continental 
partnerships is a serious problem if RRI is to be pro-
moted globally (van de Poel et al., 2017).

Conducted projects resulted in the development 
of several interesting self-assessment and self-reflec-
tion tools oriented at business actors. “Responsible 
innovation flash diagnostic” and responsible innova-
tion criteria have emerged from the Karim project 
(KARIM, 2014). Responsibility Navigator of the 

ResAgorA project presents a process-oriented view 
and suggests ten RRI-related principles divided in 
three groups: 1) Ensuring Quality of Interaction, 2) 
Positioning and Orchestration, 3) Developing Sup-
portive Environments (ResAgorA, 2016). Classical 
RRI policy agendas (Ethics, Gender Equality, Gover-
nance, Open Access, Public Engagement, Science 
Education) form the backbone of a comprehensive 
self-reflection tool developed in the framework of the 
RRI Tools project. ORBIT Self-Assessment Tool pres-
ents a more focused approach as it serves needs of the 
ICT sector in the United Kingdom (Stahl, 2017). Self-
relflection and in-depth assessment tools have also 
been developed in the ROSIE project (“Responsible 
and Innovative SMEs in Central Europe”). It is the 
only project so far that is addressed at enterprises in 
Central Europe.

Based on the results achieved in the mentioned 
projects, the following section offers author’s original 
contribution to the development of RRI tools suitable 
for enterprises.

3. Proposals for Operationalis-
ing Responsible Research and 
Innovation

This section is a result of research performed by 
the author with the aim of formulating possible and 

Tab. 3. Boundaries of the research field and research focus regarding RRI

Responsible Research and Innovation

Research  
Subdiscipline Public Governance Science and  

Technology Studies
Business Ethics / 

CSR
Philosophy  

of Management

Innovation  
and Technology 
Management

Systemic 
dimension micro meso macro

Sectoral dimension Industry/Business Public Administration/Policy Bodies Universities and Research 
Institutions

Organisational  
dimension

Micro (individuals in an 
organisation) Meso (teams) Macro (organization as a whole)

Place in innovation 
ecosystem Input Throughput Output

Innovation type Low-tech innovation High-tech innovation

Source: author’s elaboration on the basis of (Ceicyte, 2019).
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feasible approaches to implementing RRI in enter-
prises. The approaches concern either the product 
(economic viability, ethical acceptability, sustainability, 
social and environmental desirability) or the process 
(ethics as a design factor, moral responsibility, legal 
liability) dimensions of RRI (von Schomberg, 2013).

3.1.	 Applying weighted responsibility 
criteria

Innovation may lead to the simultaneous 
improvement of all (economic, ethical, environmen-
tal, social) parameters of a particular product or ser-
vice. However, a more realistic situation involves the 
consideration of alternative costs and trade-offs. For 
example, increasing product’s environmental friend-
liness decreases its economic viability or addressing 
certain social needs in a designed service may have 
adverse environmental consequences.

By considering the issue of moral overload (van 
den Hoven et al., 2012) and enhancing Pavie’s pro-
posal (Pavie et al., 2014), the following principle 
could be applied when assessing if innovation meets 
RRI criteria:

where,
VEcon – contribution of a product/service  
to economic efficiency and welfare,
VSocial – contribution of a product/service  
to addressing social problem(s),
VEnv – contribution of a product/service  
to protecting the natural environment,
t0 – time before the introduction of innovation,
t1 – time after the introduction of innovation,
α – weight of the economic criterion,
β – weight of the social criterion,
γ – weight of the environmental criterion.

It may be noted that weights α, β and γ play a key 
role in determining the final result of the equation. 
Determining weights in this context is non-trivial as 
different stakeholders in the innovation ecosystem 
will have different views and priorities. In this con-
text, Analytic Hierarchy Process (AHP) could be 
applied to determine weights. The following charac-
teristics of this method are especially suitable in 
determining weights of economic, social and envi-
ronmental value of innovation in the context of RRI 
principles: 1) AHP derives ratio scales from paired 
comparisons of criteria, and allows for some small 

αVEcont1 + βVSocialt1 + γVEnvt1 > αVEcont0 + βVSocialt0 + γVEnvt0 

where, 

VEcon – contribution of a product/service to economic efficiency and welfare 
VSocial – contribution of a product/service to addressing social problem(s) 
VEnv – contribution of a product/service to protecting the natural environment 
t0  – time before the introduction of innovation 
t1  – time after the introduction of innovation 
α  – weight of the economic criterion 
β  – weight of the social criterion 
γ  – weight of the environmental criterion 

αVEcont1 + βVSocialt1 + γVEnvt1 > αVEcont0 + βVSocialt0 + γVEnvt0 

where, 

VEcon – contribution of a product/service to economic efficiency and welfare 
VSocial – contribution of a product/service to addressing social problem(s) 
VEnv – contribution of a product/service to protecting the natural environment 
t0  – time before the introduction of innovation 
t1  – time after the introduction of innovation 
α  – weight of the economic criterion 
β  – weight of the social criterion 
γ  – weight of the environmental criterion 

inconsistencies in judgments, 2) Inputs can be actual 
measurements, but also subjective opinions (Goepel, 
2018).

Another interesting evolution of this approach 
could be the application of Data Envelopment Analy-
sis (DEA) to managing innovation projects portfolio 
with the focus on their “responsibility potential” 
(Chodakowska and Nazarko, 2017). Competing 
innovation roadmaps/trajectories could be evaluated 
with DEA with the view on how well they transform 
inputs (e.g. resources and time needed to complete 
the innovation process) into outputs (economic, 
social and environmental added value resulting from 
innovation). 

3.2.	 Applying RRI maturity models

Maturity models are used to evaluate companies 
and organisations in different aspects of their opera-
tion (Rohrbeck, 2011). Some authors propose the 
application of responsibility maturity models to help 
companies realise what their level of engagement in 
RRI-related issues is (Stahl et al., 2017; Pavie et al., 
2014). Maturity models related to RRI are more 
focussed on process (Anticipation, Inclusion, Reflex-
ivity, Responsiveness) rather than on products of 
innovation. Tab. 4 offers a synthesis of three 
approaches that could be used in applying RRI matu-
rity models (as they are or as a starting point for cus-
tomised tools).

Tab. 4. Examples of RRI maturity models

Maturity 
level

Level name 
by Pavie et al. 

(2014)

Level name-
by Stahl et 
al. (2017)

Level name-
by Hedstrom 

(2019)

1 Comply with the 
law Unaware Engaging

2
Anticipating 
future legal 
requirements

Exploratory/
reactive Accelerating

3
Thinking the 
value chain as an 
ecosystem

Defined Leading

4

Developing 
responsible 
products and 
services

Proactive Transforming

5

Leading the 
change (com-
municating and 
educating to re-
sponsibility, cre-
ate standards, 
developing 
responsible busi-
ness models)

Strategic -

Source: author’s elaboration on the basis of (Stahl et al., 2017; Pavie et al., 2014).
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It is worth mentioning that maturity models 
could be eff ectively combined with the scorecard 
approach described below.

3.3. Applying RRI scorecards

Scorecards are rating systems developed to facili-
tate improvement, comparison and refl ection. Th ey 
are eff ective benchmarking tools. Th ey are created to 
be fi lled in by one entity. It may be used to track 
company’s progress over time or to monitor enter-
prise’s position in the sector (if the same scorecard is 
used and made public by other companies). Creating 
an RRI scorecard and distributing it among compa-
nies in a particular sector or region may be an instru-
ment of positive competition and a move towards 
excellence in implementing responsibility approach 
to innovation.

RRI scorecards may use diff erent criteria and 
diff erent levels of detail. Criteria may be divided by 
RRI policy agendas (Ethics, Gender Equality, Gover-
nance, Open Access, Public Engagement, Science 
Education), RRI processual requirements (Anticipa-
tion, Inclusion, Refl exivity, Responsiveness), or 
a wider set of RRI principles (Ethics, Gender equality, 

Governance, Open Access, Public Engagement, Sci-
ence Education, Sustainability, Risk Management, 
Human Wellbeing, Anticipation, Refl exivity, Delib-
eration, Inclusion, Responsiveness). Example of RRI 
scorecard is presented in Fig. 1.

Conclusions

Key role of science, technology and innovation in 
tackling global and societal challenges has already 
been acknowledged by governments across the globe. 
Ageing, spread of non-communicable diseases, food 
scarcity, pollution, depletion of Earth’s resources, are 
among those issues that are hoped to be eff ectively 
dealt with thanks to the scientifi c and technological 
progress. Such view is refl ected in the Daejeon Decla-
ration on STI Policies for the Global and Digital Age 
signed by the ministers of OECD countries. Th e dec-
laration reiterates the commitment to support sci-
ence, technology and innovation to foster sustainable 
economic growth, job creation and enhanced wellbe-
ing (OECD, 2015).

At the same time, it is evident that ethical and 
moral implications of research and innovation will 

Fig. 1. Example of a RRI scorecard
Source: author’s elaborati on on the basis of (Pavie et al., 2014; Hedstrom, 2019) and RRI Tools.
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put scientists and the R&I community under a closer 
surveillance and, possibly, critique. Educating the 
public about science and technology will move 
towards a more active involvement of different social 
groups in the science and innovation ecosystems. As 
noted by OECD, this may put additional pressure on 
science to provide clear and unambiguous answers 
and solutions, though it is perhaps just as likely that it 
will not, since involved citizens may come to better 
appreciate the provisional nature of much scientific 
evidence (OECD, 2016).

The RRI policy mix is far from simple and insti-
tutionalisation of RRI will not automatically lead to 
the emergence of a truly responsive, inclusive and 
reflexive approach to governing innovation (Genus 
and Iskandarova, 2018). Variety of policy instruments 
must be put in place at different stages of the R&I 
processes and at different stages of the policy cycle.  
There has appeared a tendency to design public and 
private interventions as dynamic processes that are 
prudent and preliminary rather than assertive and 
persistent (Kuhlman et al., 2019).

Operationalising the vision of Responsible 
Research and Innovation in a form of new priorities, 
evaluation criteria, corporate practices and gover-
nance arrangements will remain a major challenge 
for a long time. The general ideas of RRI tools for 
enterprises presented in this paper should be further 
analysed and developed.

Fears that RRI may be a hampering and delaying 
factor in scientific progress and may weaken the 
innovation capabilities and the competitive capacity 
of national economies are reasonable and should not 
be ignored. These tensions should be a subject of an 
in-depth interdisciplinary discussion that involves 
researchers from fundamental, applied and social 
sciences as well as humanities. Assessment of the 
trajectories of emerging technologies would be more 
holistic and would better relate to the RRI impera-
tives if future-oriented methodologies (Ejdys and 
Nazarko, 2014; Ejdys et al., 2015; Halicka, 2015; Naz-
arko et al., 2015) were utilised more extensively in 
these processes.
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This study focuses on the development of a specific type of Intelligent Agents — 
Business Virtual Assistants (BVA). The paper aims to identify the scope of collaboration 
between users and providers in the process of agent development and to define the 
impact that user interpretations of a BVA agent have on this collaboration. This study 
conceptualises the collaboration between providers and users in the process of the 
BVA development. It uses the concept of the collaborative development of innovation 
and sensemaking. The empirical part presents preliminary exploratory in-depth 
interviews conducted with CEOs of BVA providers and analyses the use of the scheme 
offered by Miles and Hubermann (1994). The main results show the scope of the 
collaboration between BVA users and providers in the process of the BVA development. 
User engagement is crucial in the development of BVA agents since they are using 
machine learning algorithms. The user interpretation through sensemaking influences 
the process as their attitudes guide their behaviour. Apart from that, users have to 
adjust to this new kind of entity in the market and learn how to use it in line with 
savoir-vivre rules. This paper suggests the need to develop a new approach to the 
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Introduction

Artificial Intelligence technology provides a rev-
olutionary way of collaboration to create innovative 
products and services and to deliver value for cus-
tomers. The development of Artificial Intelligence 
technology gives rise to new challenges and spurs 
innovations in the process of its development. The 
reason behind such an effect is the nature of such 

intelligence, especially machine learning, which gives 
it the opportunity to develop not only in the tradi-
tional way of gathering feedback but also through the 
observation and analysis of the ongoing interactions 
with users.

This paper focuses on the collaborative develop-
ment of intelligent agents and the potential influence 
that user interpretations of a Business Virtual Assis-
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tant (BVA) have on the development of such innova-
tions. The willingness to cooperate can be influenced 
by actor opinions regarding a BVA or the collabora-
tion with the provider. The way collaborative innova-
tion is performed depends heavily on the way a BVA 
will be used, and this depends on the attitude of users 
towards it. 

Human actors that use a BVA are placed in a situ-
ation, in which they have to communicate with an 
artificial entity instead of a human being, which can 
result in various types of attitudes. Therefore, this 
paper aims to (1) identify the scope of collaboration 
between BVA users and providers in the process of 
the development of a BVA software agent, and (2) 
define the impact that user interpretations of a BVA 
agent have on this collaboration. This paper connects 
the concepts of collaborative innovation and sense-
making to reach the research aims. Therefore, this is a 
multiple-lens contribution (Nicholson et al., 2018). 
The paper also presents some research questions, the 
answers to which are based on the preliminary quali-
tative study. Finally, conclusions are offered.

1.	BVA in Business Interactions

Research on Artificial Intelligence concerns any 
device that perceives its environment and takes 
actions to maximise its chances to successfully 
achieve its goals (Russell and Norvig, 2009). Contem-
porary Artificial Intelligence is a discrete system that 
performs selected functions in one of three areas: 
interactions based on natural language, image recog-
nition, biometrics and learning systems. The use of 
Artificial Intelligence is discussed in many areas of 
business, also in enterprise management studies (e.g. 
El Kadiri et al., 2015). Studies focus on data analysis, 
market forecasting, customer analysis and relation-
ships (e.g. Gordini and Veglio, 2017); sales (Syam and 
Sharma, 2018) and supply chains (Vendrell-Herrero 
et al., 2017). However, a gap seems to remain in the 
area of investigations regarding the development of 
Artificial Intelligence technology in collaboration 
with users.

The advancing development of multifunctional 
and flexible intelligent agents requires much more 
research, compared to that which exists on agents 
that perform only one, narrow task (Adams et al., 
2012). Such intelligent agents are Artificial Intelli-
gence systems that perceive and operate in a given 
environment through actuators (Russell et al., 2015). 
One of the applications used for intelligent agents is  

a Virtual Assistant. Virtual assistants are software 
agents that perform specific tasks or services for their 
users. For example, consumer markets have such 
agents as Siri by Apple or Google Assistant, and their 
aim is mainly to improve the device and user interface 
with the help of natural voice or a keyboard for com-
munication input. An extension of Google Assistant 
can even call a service provider or schedule a restau-
rant reservation. In business settings, Virtual Assis-
tants are currently tasked with the scheduling of 
meetings, but can also be potentially used for initial 
communications in sales, or to collect offers in a ten-
der in procurement, or to assists in resolving simple 
issues related to a service/product in customer care, 
or to communicate with hotels or airlines and gather 
invoices to assist in travel planning activities in the 
field of administration. A BVA interacts with humans 
in a normal business setting, and it does not require 
any software coordination between parties. Thus, it 
can be used by customers and suppliers to interact 
with an organisation. An assistant communicates by 
an email interface but introduces itself as an Artificial 
Intelligence agent and not a human. Still, from the 
connectionist point of view (Kaplan and Haenlein, 
2019), as a BVA has elements of cognitive and emo-
tional intelligence, it can be classified as Human-
Inspired AI.

From a marketing point of view, Virtual Assis-
tants obtain some features of a product (as they are, 
essentially, software) that helps to deliver a service as 
they assist in some activities (still, it will be referred to 
as “product” in this paper). BVAs are an innovative 
product because they offer a better solution for some 
business activities, making communication and 
scheduling mode effective (Frankelius, 2009). They 
also offer a new digital experience to human partici-
pants of business interactions (Morgan and Piccinini, 
2018). As an innovative product, a BVA requires 
extensive efforts for its design, construction and 
development. This paper discusses how it can be done 
in collaboration with BVA users and what impact 
user interpretations of a BVA agent have on this col-
laboration.

2.	Collaborative development 
of innovation 

The need to reach outside one’s boundaries to 
innovate is a result of points of knowledge dispersed 
across the business network (Powell et al., 1996).  
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A single company is rarely able to innovate on its 
own, as the process requires external resources to 
function (Hakansson and Snehota, 1996). Brown and 
Duguid (1991) showed that the creation of new 
knowledge and learning are fundamentally a social 
construction process within a community; in other 
words, a network. Depending on those points of 
contact with suppliers, customers or research facili-
ties, innovation can be created (Ford and Redwood, 
2005).

The external acquisition of new knowledge to 
create new products, services or solutions is referred 
to as “open innovation” (Chesbrough, 2006). Collab-
orative innovation is a specific way of performing 
open innovation, with the emphasis on the collabora-
tive process between companies in the effort to inno-
vate (Gallaud, 2013, p. 237). It is not simply an 
exchange of information or a flow of knowledge from 
one company to another. Rather, it is two or more 
actors working together with collaborative attitudes 
in the effort to innovate, i.e. when “organisations 
agree to pool their resources or to share their infor-
mation and knowledge to develop one project” (Gal-
laud, 2013, p. 237). According to Dahlander and 
Gann (2010), collaborative innovation is an inbound 
innovation based on sourcing activities. There is no 
direct pecuniary re-compensation as both companies 
work together, sharing resources and information in 
pursuit of a shared goal. It is especially interesting in 
the case of collaboration between suppliers and their 
customers, as innovation may not be a part of a prod-
uct or service itself, but a form of adaptation to mini-
mise costs (Baldwin and von Hippel, 2011). The 
collaborative development of innovation as a concept 
accentuates two aspects of collaboration: resources 
that need to be exchanged and actors who exchange 
them.

Collaboration between network actors requires 
the sharing of resources and extensive communica-
tion (Baldwin and von Hippel, 2011). The much 
needed “flow of knowledge” between actors can differ 
depending on the degree to which actors rely upon 
each other, the difference between them and how 
dynamic is the market (Tracey et al., 2004). Tracey et 
al. (2004) distinguished three types of knowledge 
flow: transfer, interpretation and transformation. 
When the market is stable, and the differences 
between actors are subtle, knowledge is being trans-
ferred almost like information — in an easy, more or 
less coordinated way. In a more dynamic market, the 
meaning of events and actors is not as obvious. There-
fore, both sides have to interpret the information they 

receive from the other party and turn it into knowl-
edge. If a market is dynamic, differences between 
actors are substantial due to the potentially different 
aims relating to the innovation creation, and knowl-
edge has to be transformed by using boundary objects 
or other tools.

The participation of a customer (or a user) in the 
development of a new product has been emphasised 
by authors, who generally agree, that good relation-
ships with customers have a positive influence on 
outcomes of new product development (Jer et al., 
2013; Cuevas-Rodriguez et al., 2014). Involved cus-
tomers play a vital role in innovative efforts. At the 
beginning of this process, they can help in solving 
problems, launching the product, collecting user 
comments and sharing responsibility (Cui and Wu, 
2016). This is especially important in business mar-
kets, where specific knowledge and feedback are 
required (Eslami and Lakemond, 2016). The literature 
also underlines that a service is co-created by a ser-
vice provider and its users. Users heavily influence 
the outcomes and its later development (Gumesson, 
2002). Thus, without the openness of a customer to 
collaborate in the design, development and improve-
ment of new products or services, the process is less 
effective. Supposedly, such statement undertakes  
a new meaning when innovative solutions are based 
on Artificial Intelligence, as in the case of a BVA. 

3.	Collaborative development 
of innovation in the case  
of a BVA

We can set apart three different approaches to the 
perception of Artificial Intelligence and the way it 
should be developed. According to a symbolic 
approach, Artificial Intelligence is based on mathe-
matical models of analysed problems. In the symbolic 
approach, Artificial Intelligence in the form of com-
puter programs embodies specific dimensions of 
intelligence. The sub-symbolic approach involves the 
creation of structures of machine learning that can 
find patterns and create predictions basing on Big 
Data. Finally, there is an agent approach that deals 
with the development of different forms of autono-
mous entities that observe the environment through 
sensors, act using actuators and direct their activity 
towards achieving goals (Nilsson, 1998; Russel and 
Norving, 2009). When it comes to modern intelligent 
agents, especially virtual assistants, two latter 
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approaches are important, because they equip those 
agents with a capability to show the desired behaviour 
and change it, and to make decisions based on the 
obtained knowledge and experience.

Researchers have indicated the need to recognise 
the help of users of a product or a service in the form 
of participation in the innovation process of digital 
solutions (Bogers et al., 2017). When considering the 
collaborative innovation in the case of Virtual Assis-
tants, the aim of the collaboration differs depending 
on whether the product is being designed or whether 
it needs to be improved or further developed at a later 
stage. In the case of the design of Virtual Assistants, 
human actors are important for helping them to learn 
how to interact with people. For example, Facebook 
has been teaching its M virtual assistant using blended 
Artificial Intelligence and human trainers as beta 
users. The aim is to teach the agent to communicate 
like a human rather than in a “robotic” manner. People 
make mistakes, use different types of hesitation 
expressions, such as “hmmm”, and they do not always 
behave rationally. Therefore, a BVA must be shaped 
considering these humans peculiarities. Another 
issue is to employ cognitive technology to interact 
with people on multiple related topics and react to the 
emotional content of a conversation (Ibrahim, 2019). 
The innovation can be guided by the provider who 
gathers feedback and improves algorithms, but more 
importantly, it can be left to a BVA, which can develop 
autonomously, thanks to learning algorithms.

When a BVA is implemented, due to machine 
learning, cooperation with users becomes particu-
larly important. The technology used by Artificial 
Intelligence allows monitoring and gathering feed-
back from customers who use verbal and other types 
of communication. A BVA agent is based on innova-
tive Artificial Intelligence algorithms that learn and 
evolve with every encounter. Providers can use col-
laborative innovation to learn the habits of hosts and 
guests and improve the software. It can be done using 
machine learning or by getting feedback from the 

users. However, machine learning needs interactions 
with users to evolve, and IT developers need feedback 
from the users. Therefore, the users of the service 
willingly or unwarily collaborate with the developer 
of a BVA. 

We assume that in the case of a BVA, collabora-
tive innovation can proceed on two levels — the 
configuration settings and the core of the service. The 
configuration settings are the basic way users can 
adjust the service to its needs. This level represents 
standard functionality in the software and is not  
a subject of collaborative innovation. The object of 
interest is the second level, which refers to the func-
tionality and usability of a BVA, and especially the 
method used by the provider to collaborate with the 
host and the guest to improve core functionalities and 
capabilities of an agent. 

Three types of actors are involved in the develop-
ment and use of a BVA. The first is the provider, which 
is the company that creates the system and develops it 
through the collaborative innovation process. The 
second is the host, which is the organisation that hires 
the BVA software agents for its employees, who use 
the BVA to set meetings with other stakeholders. The 
BVA has access to the host’s calendar and can manage 
it to some degree. The third type of actor is the guest, 
which is the organisation whose employees want to 
meet with the host employees and have to interact 
with the BVA in order to do so. Innovation is a pro-
cess that happens between the provider, the host and 
the guest requiring some form of collaboration 
between them. The provider can observe the behav-
iour of the users to adjust the software and develop 
new software capabilities. The types of actors are 
summarised in Tab. 1.

According to the presented literature review and 
assumptions made by the authors of this article, col-
laboration with the immediate users — employees of 
the host and guest organisations — could be impor-
tant for the provider not only during the new product 
development process but also when the agent is used 

Tab. 1. Types of actors involved in the Collaborative Development of Innovation in the case of a BVA

Type of actor Definition

Provider A Provider is the main developer responsible for the creation of a BVA. The Provider sells the agent to 

the Host

Host The Host buys the agent from the Provider. Its employees use it to schedule meetings with other actors 

inside and outside of their organisation. The BVA learns the habits of the employees and has access to 

their calendars

Guest Its employees engage in the interaction with the BVA to schedule a meeting with the Host’s employees. 

They are facing a fait accompli
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on a daily basis, as it can self-improve thanks to 
machine learning. Thus, the provider, as well as the 
BVA, need users to interact with the agent and to 
share their experience with it. However, the interac-
tion with an artificial entity, such as a BVA that uses 
normal language, can be extraordinary for human 
actors. As computer programs can be perceived by 
their users as social actors (Nass et al., 1994), we do 
not know how a BVA will be interpreted and what 
effect this will have on the interaction and the col-
laborative innovation process. Recent studies have 
shown that people react differently to Artificial Intel-
ligence agents compared to humans (Mou and Xu, 
2017), and the way an agent is constructed can have 
significant effects on human reactions during the 
interaction (Ciechanowski et al., 2018). User inter-
pretations can, therefore, impact the collaborative 
innovation process as they shape attitudes of human 
actors towards the service. We assume that the moti-
vation to give feedback depends on the perception of 
a BVA.

Surprising events, such as interaction with an 
artificial entity, can trigger sensemaking (Weick, 
1995; Cornelissen, 2011), which “unfolds as  
a sequence in which people concerned with identity 
in the social context of other actors engage ongoing 
circumstances from which they extract cues and 
make plausible sense retrospectively, while enacting 
more or less order into those ongoing circumstances” 
(Weick, Sutcliffe and Obstfeld, 2005, p. 409). Consid-
ering the context in which they find themselves as 
well as their previous experiences and organisational 
narratives, human actors assess the situation and act 
accordingly. For example, this means that regarding 
the sensemaking, human actors will judge a BVA as 
more or less worthy of their social response, this way 
impacting on its ability to learn. Sensemaking can 
influence the provider’s ability to innovate a BVA and 
the direction, in which the agent will evolve. This is 
due to the fact that the Artificial Intelligence algo-
rithm needs vast amounts of information from users 
and may be affected depending on the quality of their 
response and their willingness to cooperate in the 
collaborative innovation process.

According to the constructivist paradigm, a BVA 
can be assumed as a new entity that evokes intensive 
sensemaking. This research assumes it to be a process 
of learning and sharing information with a BVA (such 
as Artificial Intelligence) and/or with the provider. 
The process results in an interpretation of the BVA, 
that can influence the collaborative behaviour of the 
host and the guest employees towards the BVA agent 

or its provider. Thus, motives to share the experience 
with the provider need an explanation (Bogers et al., 
2017).

4.	Research method

Our basic question is about the collaboration 
model of the BVA development and the influence of 
user interpretations of the BVA on their participation 
in the development process. In the inter-organisa-
tional context, the interactions with a BVA occurs on 
two levels: individual and organisational. The inter-
face between the provider and the users as an organ-
isation and its employees becomes an important 
study object (Hargrave and van de Ven, 2006). The 
BVA provider can bring the host and guest organisa-
tions together to collaborate but to develop the BVA, 
it also needs to engage the host and guest staff for they 
are the actual interlocutors of interactions. 

In this study, BVA providers are treated as key 
informants as they have to deal with the collaboration 
between hosts and guest to develop the agents. The 
study consists of three steps: the first step identifies 
and compares BVA solutions worldwide. Eight com-
panies that offer BVA solutions worldwide were 
found (Tab. 2). 

Tab. 2. Virtual Assistants worldwide

Project 
name Based in Virtual assistant 

image

Calendar.help 
(Cortana) Redmond Artificial

Clara San Francisco Humanoid

Evie Singapore Humanoid

Julie Desk Paris Humanoid

Konolabs Seoul Artificial

Meet Sally New York Humanoid

X.ai New York Humanoid

Zazu Amsterdam Humanoid

In the next step, e-mail, LinkedIn and Facebook 
invitations were used to ask CEOs of all providers to 
participate in interviews. Four out of eight CEOs 
responded to our invitations. However, some of the 
interviews had to be discarded as some companies 
were bankrupt. Finally, two in-depth interviews with 
the CEOs of Kono and Evie companies were con-
ducted. In one, the BVA is available in the form of  
a Humanoid, and in another, it is a straightforward 
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artificial image (Tab. 2). These interviews considered 
three aspects: the role of the BVA in host/guest inter-
action, the attributes of the BVA promoted to users, 
their attitude towards the BVA and the development 
of the agent. Respondents were open to sharing their 
knowledge and experience; however, they tended to 
talk about BVA usage and implementations rather 
than its development. In the last step, the interviews 
were analysed according to the scheme of analytical 
work with qualitative data by Miles and Hubermann 
(1994). Interviews were coded and deconstructed, 
then interpreted and, finally, reconstructed to show 
relationships and insights derived in the interpreta-
tion phase and to find explanations and refer them to 
existing theory and practice. 

 

5.	Results

Strategically, both BVA cases are focused on busi-
ness applications where the host is a company trying 
to increase the effectiveness of its communication in 
scheduling meetings with the customers. BVAs are 
not perceived as an Artificial Intelligence phenome-
non, but more as a tool for the scheduling of meet-
ings. In the future, BVAs should be able to organise 
every aspect of a business trip. According to one of 
the respondents: “We are trying to reduce the number 
of actions made by a human, by providing these vari-
ous innovations”. For both companies, the key targets 
are industries that involve the scheduling of vast 
numbers of meetings, such as Human Resource 
departments or healthcare and education institutions. 
In such cases, BVAs can have an important influence 
on the effectiveness of work and deliver value to the 
customers. 

In both cases, the providers are trying to improve 
BVAs by observing and analysing interactions 
between hosts or guests and their agents. They are 
aware that scheduling of meetings with the help of  
a BVA, even though it is set to mimic human interac-
tions, has some peculiarities. In internal meeting 
scheduling, people do not like to give away too much 
control. So, even though a BVA could schedule an 
internal meeting single-handedly, the process must 
involve more points of contact with the users. This 
makes users feel involved in the decision-making 
process. In the case of external communication, the 
rules are almost identical to real human communica-
tion (“Rules of behaviour are no different than if you 
were interacting with any human being; I think people 
forget that sometimes. They seem to think that there 

are new rules that apply to Artificial Intelligence 
when really the old rules apply best”). These rules are 
most noticeable when it comes to deciding on the 
appropriateness of the use of an assistant to schedule 
a meeting. When dealing with important accounts, it 
can be out of place to use even a human assistant, as  
a guest might feel unappreciated. For example, in  
a job interview, most cultures consider it bad manner 
to include an assistant.

Interactions with human users are crucial for the 
development of a BVA as both respondents noted that 
the main assumption is that a BVA must adapt to 
humans. Due to that, the interface for interactions is 
e-mail, and the style of the BVA’s messages is compa-
rable to those written by a human assistant. The whole 
process of including a BVA into the conversation is 
also similar: the host has to CC the bot to add it to the 
conversation and introduce it in the e-mail. Then, the 
agent can send the guest a separate e-mail with a list 
of proposed dates for a meeting. 

Associating a BVA with Artificial Intelligence can 
evoke a certain user attitude. Currently, people are 
still learning to interact with Artificial Intelligence 
agents, so different perceptions and anxieties are pos-
sible, and they are not necessarily always realistic. On 
the other hand, due to the same reason, the connota-
tion attached to Artificial Intelligence can elicit reac-
tions that will make interactions with Artificial 
Intelligence agents more fluent. Guests are not always 
aware that they exchange emails with an artificial 
agent. It happens because people expect a reply from 
a human. This happens despite clearly given informa-
tion regarding the third party of the conversation 
being a bot. Therefore, differences are possible in 
attitudes towards the introduction of a BVA between 
those who see it as an artificial entity and those who 
mistake it for a human. The guests who do not realise 
the true identity of their interlocutor expect that the 
BVA will show up at the meeting (“People show up 
for a meeting and ask, “Where is Evie”, “Will Evie be 
joining us for a meeting”. It is not because we want to 
fool them but because the interaction is more like 
what people expect from a human being”). For now, 
as one of the respondents mentioned, this is an inter-
esting topic for the users to discuss. However, this 
situation is typical for the introductory stage of the 
product and may be irrelevant in the following stages.

Guests that realise the artificiality of a BVA can 
be divided based on their reaction. Often, they feel 
strange when they are involved in a conversation with 
Artificial Intelligence in interactions typical for  
a human-to-human interface. It is also important to 
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state that they are left with no choice when it comes to 
these encounters. Apart from that, they can be 
tempted to test the bot, play with it in order to under-
stand its features and boundaries. Especially, hosts 
can be characterised by this temptation, impairing 
the development process, by having extraordinary 
interactions with a BVA. This is why emphasising that 
the Virtual Assistant is a tool based on Artificial Intel-
ligence has some drawbacks. 

6.	Discussion

The collaboration between the provider, the host 
and the guest is crucial for the development of a BVA. 
However, this collaboration may not take place in the 
usual format. Due to the use of machine learning 
algorithms, users influence the development of a BVA 
with every interaction. The success and effectiveness 
of the development process depend on attitudes, 
interpretations and habits of users. 

Apart from the interaction pattern, the personal-
ity of an assistant needs to be adapted to the attitudes 
and preferences of human users. Most BVAs are usu-
ally created to imitate humans, with the exception of 
Kono and Calendar.help. Nonetheless, according to 
the results of the preliminary research, user interpre-
tations of the BVA’s identity may be different from 
what the provider assumed. Through sensemaking 
processes, users create their own interpretation of  
a BVA, which is in line with social constructivism 
(Guba and Lincoln, 1994). 

The use of a BVA in a host organisation has wider 
consequences. Navigating within the rules of business 
savoir-vivre can be troublesome for those who never 
had an assistant. BVA technology is affordable for 
most companies, so it becomes possible for more 
people to have a quasi-private assistant for the first 
time. Providers encourage their potential customers 
to equip every white-collar employee with such assis-
tants and save their time by freeing them from noto-
rious scheduling activities. Managing such assistants 
requires some knowledge, so could the provision of 
guidelines could be necessary. 

Conclusions

This study suggests some preliminary conclu-
sions. BVAs are developed in the process of collabora-
tive innovation in two ways. The software itself is 
introduced basing on R&D processes. Then, two ways 

are possible for development: 1) the provider gathers 
feedback from its users and by using their experience, 
creates another version of the software; or 2) the 
provider designs the Virtual Assistant to learn 
autonomously using the analysis of interactions with 
users and machine learning. In the case of the second 
way, which uses Machine Learning, there might be  
a need to modify the approach to the collaborative 
development of innovation. The method of collabora-
tion with learning artificial systems in innovation 
development must be considered, especially when 
such systems implement reinforced learning (Kaplan 
and Haenlein, 2019). 

The BVA image is comparable among providers 
and users. Users are interested in the solution but feel 
anxious about it. However, this feeling is not related 
to the use of Artificial Intelligence, but to the way  
a BVA communicates with users. As scheduling of 
meetings is usually initiated by a human rather than 
an artificial entity, the reactions could be influenced 
by a different propensity to answer an invitation sent 
by a bot.

A BVA connects organisational aspects with 
individual interactions, so the propensity of users to 
cooperate can have a significant impact on the collec-
tion of their feedback and collaborative innovation. 
Users often interact with such form of Artificial Intel-
ligence for the first time, which leads to sensemaking 
processes. Sensemaking can easily be described as  
a process “of meaning construction whereby people 
interpret events and issues within and outside of their 
organisations that are somehow surprising, complex 
or confusing to them” (Cornelissen, 2012, p. 118). 
Sensemaking leads to the identity attribution, which 
can influence the way people interact with a BVA, the 
propensity to collaborate with it and share their expe-
riences. Collaborative development of a BVA can 
require a specific image of the BVA among its users 
(to influence the sensemaking processes) and 
acknowledgement that users will learn to interact 
with the BVA and share their experiences along with 
consecutive interactions.

Limitations and future 
research

As research on business applications of Intelli-
gent Agents is still in an early stage, the authors aimed 
to share their preliminary findings with the academic 
audience while being aware of the limitations. This 
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paper is based on preliminary empirical research, 
namely of two interviews, which may bias the results 
and conclusions. Data was collected from companies 
that acted as pioneers on the market, so their inter-
pretations of the innovativeness of BVAs may differ 
from the followers. Probably, intelligent agents as 
such were new also for their users (hosts and provid-
ers) what might have strengthened the interest but 
also impart some anxiety on the collaboration.

We expect to broaden the presented results. It 
will be a consequence of exploring further opinions 
but also studying other BVA software agents that are 
being introduced to the market, potentially having 
different business models in mind. This market is 
growing: at the beginning of this research, eight pro-
viders were identified, while at the end, 20 providers 
were already operating worldwide. Therefore, getting 
more data about BVA development in collaboration 
with hosts and guests as well as the influence of their 
sensemaking on that collaboration should be contin-
ued. This appears to be an absorbing academic task as 
BVAs are expected to develop from Human-Inspired 
AI to Humanised AI, which will be a challenge in 
terms of confidence, change and control of organisa-
tions (Kaplan and Haenlein, 2019).
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Introduction

Today, the emergence of a new technological 
order is accompanied by the simultaneous develop-
ment of digital technologies, which contributes to the 
efficiency of the national and global economy. The 
main reason to implement digital technologies is the 
aim to increase the speed of decision-making and the 
management quality of the main business processes. 

For example, in the report “Digital Dividends”, the 
World Bank underlines that digital technologies help 
firms to increase productivity, help people to find 
jobs and expand opportunities, and help govern-
ments to provide better public services to citizens. 
However, the impact of the use of digital technologies 
depends on improvements of the business climate, 
the efficiency of the education and healthcare systems 
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and the existing management practices. These cir-
cumstances contribute to changes in roles performed 
by each participant of economic relations, including 
the state, in the process of economic transformation 
(World Development Report, 2016).

In 2017, Russia took action to form and develop 
the information society at the federal level, within the 
framework of which, the state programme “Digital 
Economy of the Russian Federation” was developed. 
The programme establishes the active role of the state 
in developing a digital ecosystem, which engages the 
society in the introduction and use of advanced tech-
nologies.

The construction industry is no exception as the 
latest technologies are already used at all stages of 
investment and construction projects. Modern tech-
nologies — such as information modelling of build-
ings and structures BIM (Building Information 
Modeling), Big Data, blockchain, the IoT (Internet of 
Things), 3D printing, resource-saving technologies, 
and innovative technologies in new building materi-
als — are widely used in the Russian construction 
sector. The collaboration between the government 
and firms plays an important role across different 
stages of the innovation process.

The article discusses the role played by digitalisa-
tion in collaborative innovations that transform 
business relationships in the construction field, 
reveals main problems posed by the introduction of 
modern technologies, analyses possible ways of their 
use in combination with information modelling, and 
offers a method for the integration of construction 
market participants at all implementation stages of  
a construction project on the basis of a BIM informa-
tion model.

1. Literature review 

Currently, BIM-modelling is the most popular 
technology in the Russian construction sector. 
According to the report of NRU MGSU (2016), “BIM 
is the process of creating and managing information 
at all stages of the lifecycle of a construction project 
(“planning” – “design” – “construction” – “operation” 
– “liquidation”).” All participants of investment and 
construction projects undoubtedly indicate possible 
advantages of this technology, including multifunc-
tional application, adaptability and flexibility of the 
model. Such benefits result in the reduction of the 
number of conflicts and the improved quality of per-
formed work, which reduces the cost and shortens 

the time required for the implementation of an 
investment and construction project (Kupriyanovsky 
et al., 2016).

The state actively facilitates the growing use of 
BIM-modelling. The Ministry of Construction of the 
Russian Federation has approved a programme for 
the introduction of information modelling technol-
ogy, making it mandatory to use BIM-technologies at 
the stages of design, construction and operation of  
a capital construction project funded from the state 
budget.

Research into the introduction and use of infor-
mation modelling technologies in Russia revealed the 
main challenge, which is the lack of official statistical 
data on the actual number of design, development or 
construction companies that use the latest technolo-
gies in their business. For example, according to the 
report of NRU MGSU (2016), Russia has about 51 
000 project management companies that employ 
approx. 500 000 designers. This year, more than 100 
000 software licenses were sold for the supporting 
technology of information modelling. However, 
except for a few dozen of the largest market players, 
companies rarely declare the use of BIM-modelling 
and are ready to share practical experience in the 
implementation of pilot projects. This mostly hap-
pens because of an unsuccessful experience with the 
introduction of BIM-modelling, which occurs due to 
predictable losses related to implementation as well 
as unreadiness to absorb such losses. Companies 
operating in the Russian construction market indi-
cate such barriers as a slowdown in the productivity 
at the initial stage, the cost increase due to the intro-
duction of such a large-scale technology and the need 
for organisational restructuring (Talapov, 2015; Kal-
laur, 2018). 

This situation is reinforced by the shortcomings 
of the regulatory framework and the lack of common 
national standards for the implementation of con-
struction projects, as well as a common understand-
ing of the lifecycle of a construction project, the 
shortage of qualified personnel in the labour market, 
the high cost of software and the need to adapt foreign 
programmes to Russian conditions (Talapov, 2015; 
Ginzburg, 2016).

The possibility to use information modelling at 
all stages of the life cycle of a capital construction 
project is emphasised by many researchers (Talapov, 
2015; Ginzburg, 2016; Churbanov and Shamara, 
2018). According to the concept of BIM maturity 
levels, which was developed by Bew and Richards 
(2014) to describe the development of information 
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modelling, levels 0–3 can be distinguished, from 2D 
to iBIM (integrated BIM). The collaboration in the 
form of information exchange between different par-
ties begins at Level 2, when the General Model is built 
and analysed using various programmes in one of the 
main interfaces, such as IFC (Industry Foundation 
Class) or COBie (Building Information Exchange). 
Level 3 BIM or an integrated model implies full coop-
eration between the participants of the investment 
and construction project and shared access to a cen-
tralised repository of the BIM model.

In addition, the concept of “BIM measurement” 
should be underlined, which is the number of differ-
ent indicators of the information model. The 3D 
model is complemented using new information to 
develop an n-D BIM model (Ginzburg, 2016; Pilyay, 
2017). The first important organisational parameter 
that complements the model is the time factor. A 4D 
model contains information about calendar planning 
and a sequence of actions. 4D was the basis for creat-
ing a 5D model, which connects economic informa-
tion, namely, the financial costs at each stage of 
implementation. Here, YIT company is one of the few 
examples available on the Russian market (Mironov, 
2018). A 6D model includes information “as built.” It 
reflects the already developed property and is 
intended for the use at the stage of operation. A 7D 
model allows to manage and control the property 
with the help of the data transmission system with 
built-in sensors and “smart” engineering infrastruc-
ture. 

The literature on technology information model-
ling and British standards offers two concepts, i.e., 
AIM (Asset Information Model) and PIM (Project 
Information Model), distinguishing between the two 
models already in terms of creating and managing the 
asset. This division is rather logical as it provokes the 
creation of the object technical customer, and often 
manages another person — the operator. A PIM 
appears at the stages of object creation (planning, 
design, construction, reconstruction or restoration), 
while an AIM collects information related to the cur-
rent maintenance and management of the property 
(NBS BIM Object Standard, 2016).

Ginzburg has another point of view, and does not 
divide the model or its functional application but 
combines everything into one BLC IM (Building Life 
Cycle Information Modelling) model. One thing 
remains clear: information modelling can extend to 
the entire lifecycle of an object. However, in contem-
porary Russia, BIM-technologies are mostly used at 
the design stage, less often at the construction stage, 

and do not reach further lifecycle stages. The devel-
opment is mainly hindered by divergent interests of 
participants of the investment and construction 
project.

As a result, the most successful application of 
information modelling technologies used for con-
struction projects was among Russian integrated 
full-cycle companies, which were able to assess BIM 
benefits at each stage of the project implementation 
to maximise the economic effect (Kallaur, 2018). 
Despite this, it is important to note the study (Chur-
banov and Shamara, 2018), which analyses the impact 
of the development of information modelling tech-
nologies on the relationship between the participants 
of the investment and construction project. The 
model of disintegrated procurement, which is the 
traditional scheme of relations (“design” – “tender” – 
“construction”), will attract the contractor at an early 
stage and consider its technological and resource 
capabilities, as well as contribute to the development 
of a management contract.

Integration of BIM modelling is radical innova-
tion. Only radical innovation is relevant to the growth 
of a company, regardless of whether it is developed 
internally or through collaboration with domestic or 
foreign partners (Hsieh et al., 2018).

Collaborative ideation is key for innovation. The 
implementation of suitable appropriability mecha-
nisms during collaborative ideation is a necessary yet 
difficult task. This difficulty arises from a high level of 
uncertainty and a low level of codification because 
partners work on loosely defined concepts that may 
change during the collaboration. Firms can employ 
several appropriability mechanisms to protect their 
knowledge (Gama, 2019).

The model of integrated procurement or an inte-
grated implementation method of the investment and 
construction project (“Integrated Project Delivery”) 
will be the basis for interaction between designers 
and builders and the accelerated development of 
integrated engineering. In the case of both models, it 
will trigger the formation of a partnership mechanism 
based on the principles of risk- and responsibility-
sharing, and common interests in the success of the 
project. Thus, a developed ecosystem contributes to 
increased locational capital wealth and prosperity 
(Audretsch et al., 2018).

The BIM technology is the basis for digitalisation 
of investment and construction processes; however, 
in the Russian Federation, the blockchain technology 
has become widespread. Blockchain is a database of 
sequential operating records that are stored in a dis-
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tributed form on different storage devices and is not 
bound to a single master server (Ablyazov and Petrov, 
2019). As part of an investment and construction 
project, this technology is most interesting from the 
financial side of the process, especially in the case of 
transition to the use of smart contracts between the 
participants of the investment and construction 
project. In this case, blockchain provides the security 
of transactions due to the mandatory encryption and 
distribution of data storage; exceptional transparency 
of the process, which is ensured by the general and 
equal access to the history of transactions of all par-
ticipants; and acceleration of operations due to the 
absence of intermediaries. Despite the obvious 
advantages of blockchain, the spread of this technol-
ogy in Russia is hampered by the high cost of person-
nel training and the high-energy consumption of the 
necessary equipment. However, there have been sev-
eral pilot projects on the conclusion of contracts 
regarding shared building-based blockchain, for 
example, when blockchain was implemented in the 
process of the conclusion of contracts regarding the 
shared participation, the technical development of 
which was performed by specialists from 
Vnesheconombank (Ablyazov and Petrov, 2019).

The use of the blockchain technology in financial 
smart contracts acts in synergy with BIM modelling, 
opening up the possibility to build entire databases of 
projects, building elements and materials, which 
could be accessed by any developer, and to which any 
contractor could connect with its product. At the 
same time, the results of transactions can be immedi-
ately visualised in a BIM model. This feature would 
solve one of the most important drawbacks of n-D 
modelling — the lack of data security. 

Equally broad opportunities for the construction 
sector are offered by the augmented (AR — Aug-
mented Reality) and virtual (VR — Virtual Reality) 
realities. The first is rather firmly established in the 
field of interior design. The most promising applica-
tion of virtual reality is the ability to review a 3D-BIM 
project. VR solutions allow to quickly digitise a BIM 
model for an interactive experience, making it possi-
ble to travel inside an object that has not yet been 
built, for example, using the Virtuix Omni platform. 
This is convenient for the demonstration of the future 
project to the customer, as done by the American 
company BIM-CAVE, and in other cases. During the 
construction stage, it becomes possible to track the 
progress of the project remotely, using unmanned 
aerial vehicles with photographic and laser equip-
ment. This allows avoiding mistakes in the design of 

the object by analysing it structurally and visually in 
the context of the future landscape, and during the 
construction of the project. The main disadvantage of 
this technology, of course, is the price. Even though 
the ability to demonstrate the model to the customer 
does not require significant investments, the devel-
oper will face large-scale costs in terms of the man-
agement of remote monitoring of the construction 
progress (Obodnikovу et al., 2018).

In Russia, big data analytics is often used in 
project management systems and in the analysis of 
the sales market, as well as in the further management 
and operation of the finished property, although it is 
possible to use it very effectively in the implementa-
tion of construction and installation works. Firstly, 
this technology contributes to the adoption of more 
effective management decisions at all stages of an 
investment and construction project, and secondly, it 
allows optimising the design and construction pro-
cesses, thereby reducing project costs. In the future, 
the use of big data in conjunction with information 
modelling will be used in the analysis of a complex 
generalised information model of the living environ-
ment, such as Living Environment Information 
Modeling, aimed at solving problems related to urban 
planning (Ginzburg, 2016).

One of the most promising technologies is the 
Internet of Things, which is a fully automated net-
work of wirelessly connected devices and systems. 
Due to the IoT, monitoring and timely repair of con-
struction equipment, management of material and 
technical supply of construction production, energy-
saving and safety at the construction site are possible 
at the construction stage. At the stage of operation of 
the property, sensors can detect technical defects to 
warn about the occurrence of pre-emergency situa-
tions in communication systems etc. The obvious 
advantage of using the IoT is cost reduction, but the 
practical introduction and full-featured application 
of this technology is a time-consuming and expensive 
process. Besides, cybersecurity and physical security 
of sensors are issues of concern at all times. Currently, 
the IoT in Russia has only become widespread at the 
stage of real estate operation, and it is used together 
with resource-saving technologies. One example of 
such resource-saving technologies is the management 
system “Smart House”, which is a single system of  
a building operating on the basis of sensors, control 
elements and actuators and combining power supply, 
security, heating, ventilation, water supply etc. The 
use of resource-saving technologies can meet the 
domestic needs of real-estate users and significantly 
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reduce operating costs. However, these technologies 
have not been properly developed in Russia, and the 
number of equipped buildings is no greater than 
0.1%, which is due to the low awareness of the popu-
lation and, often, high implementation costs.

According to the Analytical Report by J'son  
& Partners Consulting (2019), IoT platforms can be 
divided into three types: 
•	 analytical platforms and applications that opti-

mise the consumption of resources and modes of 
operation of equipment/systems used in build-
ings and structures;

•	 IoT-platforms and cloud applications that not 
only undertake the functional analysis and rec-
ommendations regarding the optimal modes of 
operation of the equipment but also have a con-
trol loop (BMS/BAS (Building Management Sys-
tems / Building Automation Systems) and BEMS 
(Building Energy Management Systems));

•	 computer-aided design systems that implement 
the concept of 7DBIM, which not only covers the 
design and construction stages of the building, 
but also the stage of its operation, and, thus, 
intersects with the cloud BMS/BAS/BEMS. In the 
future, the synchronisation of BIM with this 
technology will carry out the practical imple-
mentation of the transition to the sixth or seventh 
dimension of the BIM model due to the possibil-
ity to obtain a continuous flow of data from both 
the building under construction and the operated 
building. Data collection through advanced 
technologies — such as photo-video recording, 
laser scanning, embedding sensors and transmis-
sion devices in the construction equipment, 
drones, etc. — allow the creation of a real digital 
copy (digital twin) of the object under construc-
tion for the transition from the configuration of 
the model “as-designed” to “as-built”.
3D printing is a method of construction of build-

ing structures, which is based on the layer-by-layer 
build-up of a part by the print head. Printing in the 
construction process can be used in two ways. The 
first method involves printing directly at the con-
struction site, with the printer available on-site. The 
second method is to print separate blocks under fac-
tory conditions, and then transport them to the con-
struction site. The use of 3D printing provides 
productivity growth, reducing labour intensity, 
increasing the speed of production, and reducing the 
cost of construction. The 3D printing market in Rus-
sia has been growing at a steady pace over the past 
eight years (in quantitative terms, it has grown ten 

times), but according to the Analytical Report by 
J'son & Partners Consulting (2019), Russia’s share in 
the global 3D printing market is only 1.5%. To stimu-
late the development of 3D printing, competence 
centres are being established, and national standards 
are under preparation. The “Comprehensive action 
plan for the development and implementation of 
additive technologies in the Russian Federation for 
the period 2018-2025” has been developed with the 
aim to consolidate the efforts of Russian scientists 
and developers of additive production facilities.

The relationship between 3D printing and BIM 
modelling is especially important at the design stage 
of a building. Before starting with 3D printing, a 3D 
model must be created, which is most often made 
using specialised software. At the same time, the crea-
tion of a BIM model permits to determine specific 
physical properties of different components as well as 
set more information parameters of a manufacturing 
technology, which make the design process more 
flexible and transparent. In the early stages of plan-
ning, 3D printing can significantly improve the man-
ufacturing efficiency of building of structures 
(Ignatova and Utkin, 2019). 

2. Research methods

The conceptual design of the study was based on 
theories that analyse the transformation and integra-
tion processes in the national and global economy, in 
various economic sectors in general and in the con-
struction sector in particular. The focus was placed 
on the mechanism used for the improvement of the 
construction sector efficiency on the basis of the 
integration of its participants. Therefore, the authors 
considered the theory of inter-organisational interac-
tion and marketing relations from the point of view 
of the traditional market as well as the transformation 
of the economy due to the development of digital 
technologies. The study was conducted on the basis of 
a systematic approach to the analysis of the problems 
of construction development. 

The unique feature of the article is the analysis of 
the results derived from own research of construction 
companies operating on the territory of St. Petersburg 
and the Leningrad Oblast. The obtained research 
data, in contrast to the data of official statistics, con-
sider the specifics of informal relations established 
due to the interaction of participants in the construc-
tion market. It is a conceptual work, which captures 
the complexity of integrating digital technologies in  
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a business process, linkages in relationships of firms, 
their basic principles and preconditions, which deter-
mine the basic concepts and arguments.

3. Research results

As a scientific concept, relationship marketing 
describes the formation of long-term relationships 
with customers and partners, which requires the 
company to improve business practices to maximise 
the value of these relationships to the client. Neither 
the theory of inter-organisational relations (Oliver, 
1990) as a scientific methodology nor the concept of 
relationship marketing (Zieliński, 2013) is new. At 
the same time, under the conditions of digitalisation, 
these relations acquire a special status and organisa-
tional design. Hence, more detailed consideration is 
required in terms of the changing role of organisa-
tions in the digitalisation of the economy and with 
the view of collaborative innovation in business rela-
tionships. The efficiency of the organisation is 
achieved by reducing costs resulting from the auto-
mation of basic business processes, including at the 
production level. As a field of material production, 
construction is a rather complex area of activity. Thus, 
the implementation of a construction project of  
a residential building may involve 70 organisations 
from the beginning of its design to commissioning. 
Such a great number of participants results in the 
complex coordination of their activities and in the 
optimisation of construction project management 
solutions. In this regard, the digitalisation of the 
construction field is undoubtedly objectively neces-
sary. According to the study of the effectiveness of 
BIM-technologies in Russian organisations, the digi-
talisation of projects contributes to a 25% increase in 
the net discounted income; the growth of the profit-
ability index to 14–15%; a 20% increase in the internal 
rate of return; the crushing of the payback period of 
the project to 17%; and a 30% reduction in the project 
costs associated with cost reductions at the produc-
tion stage. Describing the effectiveness presented in 
the framework of the concept of “relationship mar-
keting”, both business partners and consumers of 
goods and services of construction organisations 
receive the benefits of digitalisation. Brought together 
in a single information space, construction project 
participants create a single concept of the future 
product. This helps to minimise losses that could be 
incurred by each participant in relation to the coordi-
nation of project details, teamwork, a common vision 

of the project goals, the possibility of implementing 
innovative solutions etc. The same positive findings 
have been demonstrated in construction markets of 
the UK, Canada, the USA and a number of European 
countries. Despite various positive aspects noted by 
construction sector participants, they all boil down to 
the fact that the formation of relations within the 
project is based on a mutual benefit (reciprocity) 
(Assessment of the use of BIM-technologies in con-
struction. The results of the study of the effectiveness 
of BIM-technologies in investment and construction 
projects of Russian companies).

BIM-modelling technology is gaining popularity 
among developers in Russia due to economic effi-
ciency and the possibility of combining it with other 
software products. The technological basis for the 
digitalisation of the investment and construction 
process is the integration of BIM, high-performance 
IT-systems, cloud platforms and IoT solutions that 
provide unified and constant connectivity, specialised 
mobile applications, robotic equipment, unmanned 
vehicles, additive technologies, AR/VR, services for 
the analysis of Big Data, and blockchain technologies. 
Such integration makes it possible to form a united 
digital ecosystem that allows managing, controlling 
and regulating the full lifecycle of the construction 
project, and then, the property in real-time. The syn-
ergistic effect can be achieved only by ensuring the 
compatibility and interaction of technological solu-
tions with the possibility of seamless data exchange, 
storage, synchronisation and access in real-time 
(Analytical Report of J’son & Partners Consulting, 
2019).

The first prerequisites for the creation of a united 
digital ecosystem at the state level are replenishing 
banks of normative-technical and methodological 
documentation, standard forms of contracts for all 
participants of the investment and construction 
project; state information and analytical systems — 
sources of information about land plots, prices, con-
tract tenders etc. This will form the basis of state 
requirements and standards for the implementation 
of BIM modelling at all stages and will ensure timely 
accounting for changing environmental conditions 
(Churbanov and Shamara, 2018).

The unified digital ecosystem based on the infor-
mation model will not only allow the use of all kinds 
of automated tools but also provide regulated access 
to data about the object to all stakeholders of the 
investment and construction project (Analytical 
Report of J’son & Partners Consulting, 2019).



44

Volume 11 • Issue 3 • 2019
Engineering Management in Production and Services

In general, a BIM model can be represented as 
a tree, the branches of which are auxiliary technolo-
gies. Th us, the use of a BIM-model to bring together 
the participants of an investment and construction 
project makes it possible to connect the described 
technologies — Big Data, blockchain, IoT and 
3D-printing — at each section of the project path. 
During the initial planning of the project, at the stage 
of acquisition of the site for construction, it is possible 
to use deep Big Data analysis to identify the needs of 
potential customers as well as to search among thou-
sands of options for the optimal project. Th is results 
in the most acceptable information and analytical 
system, such as a BIM model of an investment and 
construction project. Th en, the model can be used 
together with the blockchain technology for the con-
clusion of contracts and the procurement of con-
struction materials. During construction works, the 
BIM model is connected to the Internet of Th ings, 
allowing the use of various technical means, such as 
sensors, to monitor the optimal progress of the con-
struction process, adjusting the project in accordance 
with real-time indications and even for compliance 
with safety regulations. At the same time, virtual real-
ity technology can be used for greater clarity, allowing 
to visually inspect the model of the object under 
construction. It is at this stage that the transition to 
the as-built (6D-BIM) model occurs at the expense of 
IoT platforms from the original as-designed model. 

At the same time, before or during the construction 
phase, based on the parameters of the BIM model, it 
is possible to use the 3D printing technology, both for 
the construction of the capital construction project as 
a whole or for its individual blocks. Finally, when the 
investment and construction project is fi nished, and 
the stage of operation starts, the IoT technology is 
used for the optimal implementation of energy-saving 
technologies. At the same time, using BIM-modelling 
as the basis of the investment and construction proj-
ect, all participants can have access to the full picture 
at each stage of the project, and refer to a single stan-
dard of digital interaction. Fig. 1 presents the model 
for the creation of a digital ecosystem in the fi eld of 
construction.

It should be noted that this model could function 
only subject to certain conditions, including the 
developed norms and standards, an implemented 
mechanism of state control, and the availability of 
technical solutions and soft ware as well as qualifi ed 
specialists to all participants.

In the Report on the World Development 2016 
“Digital Dividends”, the World Bank observed that 
the digital revolution could generate new, consumer-
friendly business models but not when established 
companies control the entry process; and technology 
can improve the productivity of workers but not 
when they lack the skills and knowledge to use it 
(World Development Report, 2016).

Fig. 1. Model for the creati on of a digital ecosystem in the fi eld of constructi on
Fig. 1. Model for the creation of a digital ecosystem in the field of construction

Fig. 2. Role of the government in the creation of a digital ecosystem in the field of Construction

nD BIM

Blockchain

Cloud-based shared workspace

BIG-DATA
VR VR

VR
AR

3D-printing
IoT

IoT
AR

Resource 
Conserving

Planning Design Construction Operation

Reconstruction

Liquidation

Banks of normative-technical and methodological documentation
+

State information and analytical systems

GOVERNMENT

To create an
opportunity for to 

apply building 
information 
modelling 

To create a unified 
national digital 

platform to manage
the lifecycle of 

capital construction 
objects



Volume 11 • Issue 3 • 2019

45

Engineering Management in Production and Services

Th e analysis of labour resources in the construc-
tion market of St. Petersburg and the Leningrad 
Oblast revealed that the greatest shortage of skilled 
workers was observed in the following positions: 
masons, concrete workers, installers of engineering 
networks, engineers of technical training, estimate 
and contract departments, and designers. In addition, 
there was a serious lack of construction line manag-
ers, primarily, skilled supervisors. Th ese problems in 
the construction sector stemmed from the economic 
crisis of the 1990s when a signifi cant outfl ow of 
qualifi ed personnel occurred from the construction 
sector to other industries.

In addition, vacancies attract labour migrants 
from Central Asia, who do not have the necessary 
skills to build complex facilities. Th ese circumstances 
result in high levels of manual labour. American 
architect Daniel Libeskind refused to hire the local 
labour force for the construction works of his build-
ings in China, basing the argument on the lack of 
skills required to master the complex innovations 
used in the construction sector.

With the view of the economic transformation, 
the most urgent priority for the development of the 
construction sector is the optimisation of labour 
resources in accordance with the changing conditions 
of the external and internal environments. Th e labour 
productivity of the Russian construction sector is low 
compared to other countries, which is largely due to 
the use of outdated management and production 
technologies that use high proportions of unskilled 
labour. Th e solution to this issue fundamentally 
requires to develop a system for the training of man-
agement personnel that meets the requirements of 
international and domestic professional standards. 

Th e intensifi cation of construction production 
requires the initiation and implementation of innova-

tive processes and the structural adjustment for digi-
talisation on the scale of an organisation, the industry 
and the country. At the same time, the basis for the 
reorganisation of the construction sector should be 
a comprehensive programme aimed at the strategic 
planning and development of digital technologies 
that can ensure the coordination of undertaken tasks. 
Programme documents should aim to design and 
organise the mechanism for technological develop-
ment of the construction sector. Th e mechanism 
should be based on the introduction of BIM technolo-
gies, which should aim to improve productivity. 
Ultimately, these eff orts should contribute to the 
implementation of a governmental programme for 
the creation of high-performance jobs.

Th e role of the state as a framework for the digital 
economy is important.

Th e feasibility to integrate this model into real 
business life depends on a high level of collaboration 
between partners. All participants need to overcome 
barriers and become actively involved in the process 
of communication. Th e innovative actors need to 
develop “supportive structures” which would be help-
ful in the process of integration of BIM technologies. 
Once started, the process of collaborative innovations 
will transform business relationships. 

4. Discussion of the results 

Th e BIM model becomes an ideal candidate for 
the role of the root technology, into which other 
technical means are integrated. Combining of 
advanced digital technologies on the basis of BIM 
modelling into a single digital ecosystem will reduce 
fragmentation in the use of various technological 
solutions and create conditions for a coherent, uni-

Fig. 2. Role of the government in the creati on of a digital ecosystem in the fi eld of Constructi on
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fied and continuous investment as well as a construc-
tion process, which includes all participants at all 
stages of the object’s lifecycle. In addition, the level of 
adaptability of the model to external changes 
increases, which leads to a reduction in the cost of the 
project.

The widespread use of the BIM technology for 
the entire lifecycle of a construction project entails 
the modernisation of the investment and construc-
tion process as a unit. This may lead to a change in the 
traditional disintegrated model of interaction 
between the participants of the investment and con-
struction project to a partnership based on the infor-
mation model of the facility, which allows concluding 
multilateral partnership agreements as opposed to 
bilateral contracts.

Conclusions

The implementation of digital technologies 
increases the speed of decision-making and improves 
the quality of management of main business pro-
cesses. The integration of technologies — such as 
BIM, high-performance IT-systems, cloud platforms 
and IoT solutions, specialised mobile applications, 
robotic equipment, unmanned vehicles, additive 
technologies, Big-Data and blockchain — is the basis 
for the digitalisation of the investment and construc-
tion process. The digitalisation of this sector is 
undoubtedly objectively necessary. Digital technolo-
gies create an opportunity to develop a digital ecosys-
tem in the field of construction, which leads to 
collaborative innovation in business relationships.
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"Appreciate me and i will be your 
good soldier". The exploration  
of antecedents to consumer 
citizenship 

Anna Dewalska–Opitek, Maciej Mitręga

A B S T R A C T
Customer citizenship behaviour (CCB) is an important consumer trend observed in the 
contemporary market. It may be described as an extra-role, voluntary behaviour 
performed in favour of other customers or companies. One of the CCB dimensions, 
namely, providing customer feedback to company offering, overlaps with value 
co-creation as a booming marketing concept. Our knowledge about factors determining 
this behaviour is relatively week. Trying to fill the gap, this paper discusses inclination 
for value co-creation among customers on the basis of literature review and explorative 
research. This explorative study aims to identify some company-related and customer-
related antecedents to customer citizenship behaviour in the form of value co-creation 
in favour of companies. The theoretical deliberation is based on a critical literature 
review. The empirical part of the paper is based on explorative research in the form of 
a survey of 105 non-randomly selected customers. Aiming to identify the key drivers 
for customer inclination to participate in value co-creation, the exploratory factor 
analysis (EFA) was conducted; next, the quality of factor structure was assessed with 
the help of SmartPLS 3.0 using standard measures of validity; and finally, structural 
links between the inclination to co-create and distinct antecedents were estimated 
using the partial least square structural equitation modelling technique (PLS_SEM). 
The factor analysis suggested distinguishing two aspects of customer co-creation, i.e., 
either initiated by companies (Organised Co-Creation) or by customers (Spontaneous 
Co-creation). The estimated PLS structural model shows that only some casual paths 
were found statistically significant, i.e., the appreciation showed by companies towards 
customers engaging in the organised co-creation process (as extrinsic motivation) and 
customer innovativeness, as well as the fulfilment of the need for stability (as intrinsic 
motivation) with regards to spontaneous co-creation. The ex-post moderation analysis 
with the help of the PLS_MGA algorithm enabled to identify gender as the factor 
potentially explaining inter-group differences in the structural model. 
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Introduction 

Customer citizenship behaviour is among the 
most promising areas in marketing theory and prac-
tice. In marketing theory, customer citizenship 

behaviour (CCB) is perceived as non-obligatory con-
sumer actions that create value for the company. It is 
addressed under various notions in several research 
streams, including service-dominant logic of market-
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ing, customer engagement and customer prosump-
tion (Dewalska and Mitręga, 2017). In business 
practice, companies welcome and encourage custom-
ers to engage in CCB. In turn, these customers are 
treated as value co-creators. 

Although various factors are discussed in the lit-
erature as drivers of customer citizenship behaviour 
and value co-creation, the available knowledge about 
the mechanism that leads consumers to the engage-
ment in these activities is still weak, especially on the 
empirical level (Alves at al., 2016; Roberts et al., 
2014). The prior research on the antecedents of co-
creation was in general unidimensional, i.e. focused 
on either consumer attributes (Huynh and Olsen, 
2015; Xie et al., 2008) or the extrinsic factors that can 
be controlled by the companies or are context-specific 
(Haumann et al., 2015; Yi, Gong and Lee, 2013). 

This paper presents the results of an empirical 
study conducted among Polish customers. The 
research was explorative in nature and conducted 
among 105 respondents. The study especially aimed 
to identify some consumer-related and company-
related attributes that were hypothesised as drivers of 
customer citizenship behaviour. To identify the ante-
cedents to customer value co-creation, the explor-
atory factor analysis (EFA) was conducted. Next, the 
multi-dimensional factor structure was assessed with 
SmartPLS 3.0 using standard measures of validity. 
Finally, the Heterotrait-Monotrait Ratio of Correla-
tions (HTMT) was controlled as the latest validity 
test. Apart from research results, the paper also pres-
ents conclusions, points of some important limita-
tions connected with the explorative character of the 
current research and indicates the possible future 
research areas.

1. Value co-creation and cus-
tomer citizenship behaviour 
— a literature review

Recently, there has been a focus on customer 
behaviour in management and marketing literature 
(Bettencourt, 1997; Groth, 2005; Yi et al., 2013; 
Aggarwal, 2014). Prior studies allowed to recognise 
the role of customers who engage in various positive, 
discretionary behaviour with companies and other 
customers (Yi and Gong, 2006). Various terms have 
been used to describe this conduct, including cus-
tomer voluntary behaviour (Bettencourt, 1997; 
Rosenbaum and Messiah, 2007; Balaij, 2014) or cus-

tomer citizenship behaviour (Gruen, 2000; Groth, 
2005; Bove et al., 2009), which is the subject matter of 
the general interest presented in the paper.

Customer citizenship behaviour (CCB) may be 
defined as “discretionary and pro-social actions dis-
played by customers, that bring benefits both to the 
companies and other customers” (Bettencourt, 1997; 
Bove et al., 2009). Other authors (Bettencourt, 1997; 
Bove et al., 2009) presented similar definitions of 
CCB. Citizenship behaviours are extra-role initiatives 
beyond the requirements of the usually performed 
customer roles. Hsieh, Yen and Chin (2004) referred 
to such helpful behaviours performed by customers 
as customer voluntary performance (CVP).

Literature suggests that customer citizenship 
behaviour is a multidimensional construct consisting 
of several forms (Soch and Aggarwal, 2013; Garma 
and Bove, 2009; Balaji, 2014; Bettencourt, 1997; 
Groth, 2005; Johnson and Rapp, 2010; Gruen, 1995; 
Bettencourt, 1997): 
•	 customer behaviour that involves the provision 

of information and (positive or negative) opin-
ions regarding companies, their goods and ser-
vices, with the intention of improving the 
marketing activity (co-creation, voice, consul-
tancy);

•	 customer behaviour that involves encouraging 
other customers (friends, family members, Inter-
net users etc.) to use goods or services of a com-
pany, positive word-of-mouth (WOM) and 
recommendations (advocacy);

•	 customer behaviour that displays the commit-
ment to a company, a favourable attitude towards 
its products, services and marketing activity by 
presenting a company’s logotype (on clothes, 
bags etc.), presenting the involvement in market-
ing events provided by a company (displaying 
affiliation, social support);

•	 customer behaviour consisting of helping other 
customers when the use of a product or company 
processes may be troublesome and uneasy for 
other customers, benevolent acts of service facili-
tation towards other customers (helping other 
customers);

•	 customer behaviour that involves observing 
other customers aiming to eliminate inappropri-
ate behaviour, e.g. not respecting the queue, 
misbehaving on the company’s fan page, being 
rude to other customers (mitigating, policing).
Among various dimensions of CCB, there is an 

overlap with customer value co-creation as a boom-
ing concept of today’s marketing (Alves at al., 2016; 
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Roberts et al., 2014). Traditionally, suppliers pro-
duced goods and services, which were purchased by 
customers. In the traditional conception of the pro-
cess of value creation, consumers were “outside the 
fi rm.” Value creation occurred inside the fi rm 
(through its activities) and outside markets. Th e 
concept of the “value chain” epitomised the unilateral 
role of the fi rm in creating value (Porter, 1980). Th e 
fi rm and the consumer had distinct roles of produc-
tion and consumption, respectively. In this perspec-
tive, the market, viewed either as a locus of exchange 
or as an aggregation of consumers, was separate from 
the value creation process (Kotler, 2002). It had no 
role in value creation. Its role was the exchange and 
extraction of value (Prahalad and Ramaswamy, 2004).

Today, customers can engage in a dialogue with 
suppliers during each stage of product design and 
product delivery (Ballantyne, 2004). Due to the coop-
eration and mutual engagement, a supplier and 
a customer have the opportunity to create value 
through customised, co-produced off erings. Th e co-
creation of value is a desirable goal as it assists fi rms 
in highlighting the customer’s or consumer’s point of 
view and in improving the front-end process of iden-
tifying customer needs and wants (Lusch and Vargo, 
2006).

Prahalad and Ramaswamy (2004) presented the 
complex concept of co-creation, which is briefl y sum-
marised in Fig. 1.

Literature studies indicate a noticeable diff erence 
between two terms that are similar but not synony-
mous, namely, co-creation and co-production. 
According to Payne et al. (2008), “co-creation” pres-
ents the service-dominant (S-D) logic, according to 
which acting together, a supplier and a customer have 
the opportunity to create value. Th e term “co-produc-
tion” is tainted with connotations of goods-dominant 
(G-D) logic, which involves a transfer of some activi-
ties to customers (for example IKEA involving cus-

Fig. 1. Model for the creati on of a digital ecosystem in the fi eld of constructi on
Source: elaborated by the authors based on (Prahalad and Ramaswamy, 2004).

Fig. 1. Concept of co-creation
Source: elaborated by the authors based on Prahalad and Ramaswamy (2004).

Fig. 2. Classification of customer roles in the value co-creation process
Source: elaborated by the authors based on Agrawal and Rahman (2015).
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tomers in transportation and assembly of fl at-pack 
furniture).

In their value co-creation conceptual framework, 
Tommasetti et al. (2017) presented co-production as 
a constituent of value co-creation behaviour, together 
with cerebral activities, cooperation, information 
research and collation, co-learning and connection. 
Th is was also described by Lush and Vargo (2006 and 
2014). While co-production refers to customer par-
ticipation in the realisation of value proposition, the 
co-creation is defi ned as the customer creation of 
value-in-use. It means that value for the user is cre-
ated or emerges during the use, which is a process, in 
which the customer as a user is in charge (Grönroos, 
2011). As Vargo and Akaka (2009) observed, there 
could be no value without the customer incorporat-
ing the fi rm off ering into his or her life. Hence, value 
is created by the user, and moreover, also experienced 
by the user, who also uniquely determines what value 
is created (Vargo and Lusch, 2004).

Agrawal and Rahman (2015) believed that cus-
tomers could play even more diff erentiated roles in 
the value co-creation process, which they called 
“customer-mix in value co-creation” (Fig. 2). 

Th e classifi cation of customer roles (Fig. 2) pres-
ents the eleven most popular and common roles. 
Although they are all distinct aspects, they are inter-
related, and all play an important role for both com-
panies and their customers. 

Th e value obtained through co-creation may help 
satisfy customers and simultaneously benefi t fi rms 
(Maglio et al., 2009; Edvardsson et al., 2011). Even in 
the case of a service failure, the involvement of cus-
tomers in the recovery process could enhance cus-
tomer satisfaction and encourage repeated purchases 
(Dong et al., 2008; Roggeveen, Tsiros and Grewal, 
2008). Th eoretically, better product quality (Füller, 
Hutter and Faullant, 2011), greater customer satisfac-
tion (Nambisan and Baron, 2007) and reduced risk 
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for the fi rm (Maklan, Knox and Ryals, 2008) are the 
key benefi ts of value co-created with the customer 
(Roser, DeFillippi and Samson, 2013).

It should be noted that value co-creation requires 
consumers to invest or sacrifi ce their resources (such 
as time and eff ort), which is sometimes described by 
as commitment or supportive behaviour (Wing Sung 
Tung et al., 2017). Since the behaviour is voluntary, it 
should be driven by specifi c motives. Th erefore, it is 
only natural to ask: what antecedents of customer 
citizenship behaviours exist in general and for feed-
back in particular? To address this question, relevant 
concepts and theories should be considered.

According to Fowler (2013), the theory of moti-
vation may suggest the answer to the question, with 
special regard to intrinsic and extrinsic motivations. 
Th e intrinsic motivation refers to doing something 
because it is inherently interesting, enjoyable or fi ts 
customer’s values or attitudes. Elster (2006) pointed 
at altruism as motivation. Studies on human altruistic 
behaviours have shown that an extra role can make 
the value co-creator feel happy and satisfi ed. Once 
people experience that by doing a good thing, they do 
more of it to obtain inner happiness. Th e extrinsic 
motivation, however, refers to doing something 
because it leads to a separable outcome, for instance, 
may be appreciated and rewarded by a reference 
group or a company (Kotler, 1994; Ryan and Deci, 
2000). 

Fernandes and Remelhe (2016) proposed 
a model based on four specifi c motives as drivers for 
customer involvement in the co-creation process, i.e.: 
intrinsic motives (such as joy, curiosity, new experi-

ence), fi nancial motives (such as expected monetary 
compensation or other rewards, e.g. special off ers, 
prices), but also knowledge motives (improvement of 
skills, self-development) and social motives (the 
sense of belonging, the sense of community, com-
munication), which may be referred to as an orienta-
tion towards Maslow’s social and self-esteem needs. 
Hoyer et al. (2010) stressed that “consumer-level 
motivators” and “fi rm-level stimulators” are primar-
ily responsible for the scope and intensity of value 
co-creation.

As far as the theory of motivation is concerned, 
to explain customer citizenship behaviour, the hierar-
chy of needs by Maslow may be useful. Cianci and 
Gambrel (2003) stated that Maslow’s hierarchy of 
needs was the most referred to and discussed motiva-
tion theory. Maslow’s theory posits that an individual 
will satisfy basic-level needs before modifying behav-
iour to higher-level needs, i.e., from physiological, 
safety and security to belonging (social needs), self-
esteem, self-actualisation and transcendent needs 
(Urwiler and Frolick, 2008). Th is approach to the 
theory of needs gained both its adherents (Urwiler 
and Frolick, 2008; Rosenbaum and Messiah, 2007; 
Koltko-Rivera, 2006; Coy and Kovacs-Long, 2005) 
and opponents (Yang, 2003; Wahba and Bridwell, 
1976; Payne, 1970; Alderfer, 1969). Some researchers 
created an interesting concept, according to which it 
is possible to aggregate all the needs into three main 
categories, i.e., basic needs, social needs and altruistic 
needs (Cao et al., 2012; Radic, 2011). Th us, it may be 
hypothesised that customers engage in citizenship 
behaviour to fulfi l their needs, mainly those that 

Fig. 2. Classifi cati on of customer roles in the value co-creati on process
Source: elaborated by the authors based on (Agrawal and Rahman, 2015).

Fig. 1. Concept of co-creation
Source: elaborated by the authors based on Prahalad and Ramaswamy (2004).

Fig. 2. Classification of customer roles in the value co-creation process
Source: elaborated by the authors based on Agrawal and Rahman (2015).
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belong to higher levels in the hierarchy, such as self-
esteem.

Value co-creation as a voluntary activity may also 
be explained by the social exchange theory in general, 
and the principle of reciprocity in particular. The core 
tenants of this framework are voluntary actions of an 
unspecified nature that extend beyond basic role 
obligations and suggest a personal commitment to 
others (Blau, 1964; Patterson and Smith, 2003). By 
participating in value co-creation, customers expect 
to be appreciated and helped in the future, and not 
necessarily by the same beneficiaries but while acting 
as the recipients of the support when needed (Falk 
and Fischbacher, 2006).

2. Research methods 

The purpose of this study was to identify some 
correlates with the inclination of customers to engage 
in value co-creation in favour of companies, as  
a specific form of CCB. The research was conducted 
in 2017, in the form of a survey. It was a part of  
a survey on a broader spectrum of customer citizen-
ship behaviour; nevertheless, the paper presents only 
selected results, i.e. research findings referring to 
customer value co-creation. The research was explor-
atory in nature, conducted aiming to determine the 
nature of the problem, and was not intended to pro-
vide conclusive evidence, but to have a better under-
standing of the problem (Henson and Roberts, 2006).

Tab. 1. Profile of survey respondents

Specification
Sample  

[%]

1.	 Gender
a.	 Female
b.	 Male

53.3
46.7

2.	 Age 
a.	 18 – 25 years
b.	 26 – 35 years
c.	 36 – 45 years
d.	 46 – 55 years
e.	 56 – 56 years
f.	 66 years and more

40.0
11.4

13.38
15.2
10.5

9.5

3.	 Education
a.	 Primary and junior high school
b.	 Vocational
c.	 Secondary general 
d.	 Secondary technical 
e.	 Higher

2.9
14.3 
33.3
28.6
21.0

Data was collected from Polish customers only. 
The assumption of the sample selection was to find 
respondents, who declared they had engaged in value 
co-creation as a form of customer citizenship behav-
iour. Sampling was in the form of snowball sampling 
(a non-random technique). In total, 105 valid ques-
tionnaires were used in the analysis. Tab. 1 presents 
basic information about survey respondents.

The questionnaire was used as a research tool for 
data collection. It contained scales to measure the 
inclination to co-create value and its determinants. 
For the dependent variables (value co-creation 
through feedback), scales were adopted from studies 
by Soch and Aggarwal (2013), Groth (2005) and 
Johnson and Rapp (2010), while for independent 
variables (i.e. consumer innovativeness, fulfilment or 
the need for stability or the need for esteem, feedback 
appreciation), scales were generally adopted from 
studies by Kim et al. (2002), Cook and Wall (1980), 
Goldsmith and Hofacker (1991) and Gossling et al. 
(2003). The vast majority of constructs were mea-
sured with multi-item reflective measurement models 
using 5-point Likert scales ranging from (1) “strongly 
disagree” to (5) “strongly agree”, except for “feedback 
appreciation” measured as a single item (i.e. “To what 
extent the company has shown appreciation for your 
activities? From 1 — “has not shown appreciation at 
all” to 5 — “has shown a lot of appreciation”). Some 
adaptation was also used when respondents were 
asked about the frequency of an activity, ranging 
from (1) “I definitely did not perform”/ “I will defi-
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     Tab. 2. Rotaded Component Matrix

Rotated Component Matrixa

Component

1 2 3 4 5

Providing information on customer satisfaction 0.791

Providing feedback on the company’s products, services 
and market activity (online and offline) 0.764 -0.340

Participating in customer surveys 0.404 0.516

Self-fulfilment 0.916

Self-development 0.913

Competence development 0.853

Always buys the latest models available in the market 0.760

Willing to buy the latest technology 0.685 -0.556

Knows brand names and the latest products offered in 
the market 0.904

Usually identifies the latest products faster than others 0.863

Safety 0.941

Stability 0.919

Order 0.853

Showing appreciation 0.884

Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser Normalization.

nitely not perform” to (5) “I definitely performed”/  
“I will definitely perform.” To reduce the measure-
ment error and not to bias the results, neutral word-
ing was used, as well as the assurance of respondent 
anonymity and data confidentiality. 

Before analysing the interrelations between inde-
pendent variables and the inclination to co-create as 
the dependent variable, the quality of the measure-
ment model was tested. Firstly, answers for 14 items 
were analysed using the Exploratory Factor Analysis. 
The EFA results suggested some important revision 
with regard to the hypothesised factor structure 
(Table 2). Specifically, the Inclination to Co-Create, 
that was originally treated as one latent construct, 
appeared to be loaded clearly by two first items, while 

the third item, i.e. “Participating in customers sur-
veys” did not load at a commonly acceptable level 
(>0.6) in any of the distinguished latent factors. Thus, 
the decision was made to treat this item as reflecting 
a distinct aspect of customer co-creation. Namely, we 
made a distinction between “Spontaneous Co-Cre-
ation” (Spontan_CoCreate) and “Organised Co-Cre-
ation” (Organised_CoCreate). 

Here, the first aspect of co-creation referred to 
situations when feedback provision by customers was 
conducted as a bottom-up process, i.e. the company 
did not organise formal customer surveys. The sec-
ond aspect of co-creation referred more directly to 
the communication between companies and their 
customers initiated and organised by companies. 

Tab. 3. Measurement validity

Cronbach’s Alpha rho_A Composite  
Reliability

Average  
Variance Extracted 

(AVE)

Organised_CoCreate N.A. N.A. N.A. N.A.

Spontan_CoCreate 0.644 0.738 0.842 0.729

Esteem_need_fulfil 0.877 0.925 0.922 0.799

Innovativeness 0.863 0.869 0.916 0.785

Stability_need_fulfil 0.794 0.946 0.901 0.821

Source: elaborated by the authors based on SmartPLS 3.0.
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Additionally, as one of the items was originally asso-
ciated with consumer innovativeness (i.e. “Willing to 
buy the latest technology”) but received too strong 
cross-loading, this item was excluded. 

Next, the quality of the revised 5-dimensional 
factor structure was assessed with the help of Smart-
PLS 3.0 using standard measures of validity and this 
structure appeared to meet all standard thresholds 
(Table 3) except for Cronbach’s alpha for Spontan_
CoCreat amounting to 0.64, which was acceptable 
concerning the exploratory character of this research 
project (Hair et al., 2013; Mitręga, 2014; Nunnally et 
al., 1967). Finally, the authors also controlled for het-
erotrait-monotrait ratio of correlations (HTMT) as 
the latest validity test suggested by Hair et al. (2017 
for PLS-SEM and all HTMT was below the suggested 
(conservative) threshold value of 0.85. 

3. PLS-SEM results 

Th e authors of the article estimated structural 
links between the two-dimensional inclination to 
co-create and four distinct antecedents using the 
partial least square structural equation modelling 
technique (PLS-SEM). Also, the potential impact of 
some control variables was monitored, namely, cus-
tomer age (Age), customer education (Education), 
the number of inhabitants at the place of residence 
(City size), the fi nancial status perceived by a con-
sumer (Econom status), and the frequency of the use 
of Internet (Internet use). Some advantages of PLS-
SEM helped to decide against the use of CB-SEM 
(covariance-based SEM). PLS-SEM is a promising 
method that off ers a vast potential for SEM research-

Fig. 1. Model for the creati on of a digital ecosystem in the fi eld of constructi on
Source: elaborated by the authors based on Prahalad and Ramaswamy (2004)

Fig. 3. Estimated PLS structural model 
Source: elaborated by the authors based on SmartPLS 3.0 software.

Fig. 1. Model for the creati on of a digital ecosystem in the fi eld of constructi on
Source: elaborated by the authors based on Prahalad and Ramaswamy (2004)

Fig. 3. Esti mated PLS structural model 
Source: elaborated by the authors based on SmartPLS 3.0 soft ware.
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ers, especially in the disciplines of marketing and 
management of information systems. Compared to 
CB-SEM, it is more robust with fewer identification 
issues. It works with much smaller as well as much 
larger samples, and readily incorporates formative as 
well as reflective constructs (Hair, Ringle and Sarstedt, 
2011).

Specifically, it was considered that the main 
variables that were the focus of attention did not have 
a normal distribution, and PLS-SEM did not presume 
that the data were normally distributed (Hair et al., 
2011). Also, PLS-SEM was preferred because Smart-
PLS 3.0 software allowed for direct ex-post testing 
moderation effects connected with potential multi-
group differences with regard to the gender of the 
respondents (Ringle et al., 2018). 

Fig. 3 presents the results of the PLS algorithm 
estimation for the structural model with all control 
variables. The variables from the baseline model are 
marked in the upper-left corner, while the control 
variables are presented in the lower-left corner. The 
numbers on the paths between the latent variables 
represent p values for particular path coefficients, 
where p<0.05 represents a statistically significant 
path.

Concerning the results for the baseline model, 
only some causal paths were found statistically sig-
nificant, namely, the impact of appreciation on 
Organised CoCreate and the fulfilment of the need 
for stability need on Spontan CoCreate (conservative 
significance level, p<0.05). 

Thus, our dataset provided partial support for 
our structural model, which is reasonable concerning 
the exploratory character of this study. However, we 
have also conducted an ex-post moderation analysis 
with the consumer gender as the factor potentially 
explaining inter-group differences in the structural 
model with the help of PLS-MGA algorithm pro-
posed by Henseler et al. (2009) and available in 
SmartPLS 3.0 (Ringle et al., 2018). 

The results of this algorithm for two causal paths 
which were significantly different in male vs female 

subsamples (in the case of significance test with  
p <0.5) are presented in Table 4. 

These results suggest that in the case of surveyed 
women, there was a significant and positive connec-
tion between showed appreciation and Spontan_
CoCreate, while this path was not statistically 
significant in the male sub-sample. In the similar 
spirit, the path between the fulfilment of the need for 
stability and Spontan_CoCreate was stronger in the 
women’s sub-sample than in the general sample, 
while in the case of men, this path was statistically 
insignificant. Thus, the structural model appeared to 
work much better in the case of women as co-creators 
of a company offering than in the case of men as 
potential co-creators. This mechanism was observed 
in the case of both aspects of co-creation, namely, 
spontaneous co-creation and organised co-creation.

4.	Discussion of the results

Customer citizenship behaviour, although a rela-
tively new concept, has been a subject of interest 
among many researchers presenting its definitions 
and dimensions. Although various factors are dis-
cussed in the literature as drivers of customer citizen-
ship behaviour and the inclination for value 
co-creation, the knowledge about the mechanism 
that leads customers to engage in these activities is 
weak, especially on the empirical level.

From a theoretical perspective, the paper inte-
grates several approaches to customer citizenship 
behaviour, explaining the meaning and several 
dimension on the basis of literature studies. A focus is 
on value co-creation as one of the forms (dimensions) 
of customer citizenship behaviour, apart from advo-
cacy, affiliation, helping other customers and mitigat-
ing them when inappropriate behaviour has been 
noticed. The paper also presents a conceptual frame-
work of the possible motives to undertake an extra 
role.

Tab. 4. Bootstrapping results for PLS-MGA (female vs male)

Path Coefficients Mean 

(female)

Path Coefficients Mean 

(male)

p-Values 

(female)

p-Values 

(male)

Appreciation -> Spon-

tan_CoCreate
0.330 -0.194 0.003 0.107

stability_need_fulfil -> 

Spontan_CoCreate
0.550 0.042 0.004 0.515

Source: elaborated by the authors on the basis of SmartPLS 3.0 software.
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The conducted research was exploratory in 
nature and aimed at identifying antecedents of a spe-
cific form of customer citizenship. The inclination to 
co-create was originally treated as one latent con-
struct, but the hypothesised factor structure appeared 
to reflect distinct aspects of customer co-creation, i.e., 
spontaneous co-creation (fully initiated by custom-
ers, voluntary behaviour) and organised co-creation 
(customer contribution as a response to specific 
actions undertaken by a company). On the basis of 
the estimated PLS structural model, some casual 
paths were found as statistically significant, while 
other paths were not. There was a significant impact 
of appreciation on organised co-creation and the ful-
filment of the need for stability on spontaneous co-
creation. These factors can be interpreted within the 
theory of extrinsic and intrinsic motivation (Fer-
nandes and Remelhe, 2016; Fowler, 2013; Elsver, 
2006; Ryan and Deci, 2000). In the case of a company’s 
planned actions aimed to engage customers in value 
co-creation, any appreciation expressed by a company 
in the form of compensation, rewards or bonuses (i.e. 
special offers, lower prices, letters of gratitude etc.) 
significantly enhances the customer’s inclination for 
organised co-creation. Referring to Hoyer et al. 
(2010), “firm-level stimulators” are responsible for 
the scope and intensity of organised value co-creation.

Simultaneously, in terms of voluntary and discre-
tionary value co-creation, intrinsic motives in the 
form of the fulfilment of the need for stability corre-
late with the inclination for spontaneous co-creation. 
The sense of satisfaction of needs or compulsion 
makes customers more eager to engage in the process 
of co-creation.

The results of the post-hoc analysis suggest that 
in the case of co-creation, the customer’s gender is the 
factor explaining some inter-group differences within 
the structural model. It seems that women could be 
more motivated to act as co-creators in the aspects of 
both spontaneous and organised activity. It is an 
interesting finding, which may be explained using 
communication skills (Gustafsson et al., 2012) or 
social motivation (Fernades and Remelhe, 2016).  
A relatively small sample and exploratory nature of 
the study require a deeper insight to legitimatise this 
interpretation in further research, e.g. using a larger 
survey sample and an experimental approach.

From a managerial perspective, the paper pro-
vides intellectual input into attempts of companies to 
facilitate the turning of consumers into “good sol-
diers” (Groth, 2005) and to voluntarily provide strate-
gic marketing resources. By successfully managing 

customer citizenship, companies may seek to maxi-
mise the lifetime value of desirable customer seg-
ments. Business entities may gain a competitive 
advantage by involving customers in the value-deliv-
ery process. However, customers may satisfy their 
needs not only by receiving co-created values but also 
by performing an extra role for the benefit of others, 
and their involvement would be reflected in the level 
of satisfaction received from contacts with companies 
in the cooperation. 

Conclusions 

In summary, customer citizenship behaviour 
may be perceived as a complex aspect of customer 
behaviour. The behaviour is driven by specific factors 
that encourage customers to undertake an extra role. 
This research suggests focusing on two dimensions of 
customer co-creation as a form of CCB, i.e., initiated 
by companies (Organised Co-Creation) and by cus-
tomers (Spontaneous Co-Creation). The estimated 
PLS modelling identified some significant anteced-
ents to customer citizenship, i.e., appreciation shown 
by companies towards customers who engage in the 
organised co-creation process (as extrinsic motiva-
tion) and customer innovativeness, as well as the ful-
filment of the need for stability (as intrinsic 
motivation) in terms of spontaneous co-creation. The 
ex-post moderation analysis identified gender as the 
factor potentially explaining inter-group differences 
in the structural model, which is not conclusive but 
opens an interesting direction for further research.

This study may enrich the understanding of the 
inclination of customers for co-creation on both theo-
retical and empirical levels, indicating some drivers 
for customer propensity to undertake an extra role. 
The presented findings may be interesting for 
researchers and business practitioners. 

Nevertheless, some limitations are worth 
addressing. Firstly, the research sample was some-
what small. Although results on customer co-creation 
were a part of a broader research, a more prolific 
sample may allow identifying new drivers for co-cre-
ating behaviours. Secondly, this research focused 
only on a very specific aspect of customer citizenship 
overlapping with value co-creation, namely customer 
feedback regarding the company’s initiatives, so this 
study does not comprise the conceptual diversity of 
both CCB and VCC as described in the recent litera-
ture (Assiouras et al., 2019; Kim and Choi, 2016; 
Vargo and Lusch, 2016). Thirdly, the data collection 
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and analysis methods may be extended. Finally, 
research based on the perspective of companies may 
be conducted. This leaves some space for a future 
study.
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INTRODUCTION 
	
These days, nearly all organisations face chal-

lenges posed by the rapidly changing and dynamic 
environment, which requires them to cope and adapt. 
The evolvement of the Internet and the transforma-
tion of trends external to companies, such as globali-
sation or increased competition, have altered 
innovation processes that were traditionally used in 

organisations to achieve the open innovation 
approach, which puts some influence regarding the 
development of innovations in the hands of internal 
employees. Nevertheless, the concept of open innova-
tion also implies a more active contribution of con-
sumers to the new product development (NPD) 
processes (Chesbrough, 2003). Therefore, companies 
with an open innovation strategy view consumers as 
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a valuable resource for new product ideas (Geise, 
2017), and the inclusion of consumers in NPD, which 
is becoming a trend for many organisations, is referred 
to as “consumer co-creation” (Hoyer et al., 2010). 
Consumer co‐creation defines an active, creative and 
social collaboration process between producers and 
consumers, facilitated by the company (Piller et al., 
2010). This concept has received increasing attention 
in the past few years, and nowadays, organisations are 
forced to find new ways to attract, gain and sustain 
loyal customers to remain competitive. 

This paper aims to explore consumer co-creation 
experience of NPD processes in a company. Specifi-
cally, it is an attempt to determine the level of con-
sumer engagement in an online co-creation process, 
identifying motives and reasons for participation in 
NPD as well as understanding the types of Internet-
based co-creation that are mostly preferred by con-
sumers. 

Even though the questionnaire  (CAWI) was 
conducted online, the research had a qualitative 
approach as the authors focused on the exploration of 
reasons, motives and expectations for the co-creation 
from the consumer perspective. The research pro-
vides an insight into the consumer experience in co-
creation situations. Specifically, it focuses on 
determinants and motives in the cases where the co-
creation experience depends on consumer character-
istics, such as expected co-creation benefits (i.e., 
expectations of a consumer regarding benefits from 
co-creation situations; Fuller, 2010), consumer atti-
tudes towards co-creation (considering the earlier 
mentioned benefits) and consumer reflection (how 
the attitudes are translated into actions) (Katz et al., 
1974). 

The theory presented in the article and the 
research findings can be used by managers and mar-
keting specialists for insights into the key elements of 
co-creation and the most important consumer moti-
vators to engage in co-creation activities.

The paper is organised as follows: first, the litera-
ture review presents the influence of open innovation 
on new product development, and the relation 
between the NPD process and consumer co-creation. 
The literature review also characterises the concept of 
consumer co-creation from the company’s and con-
sumer’s perspectives, which reveals different motives 
of co-creation. The research findings present reasons, 
motives and expectations of co-creation from the 
consumer perspective. Finally, conclusions propose 
some practical implications based on the literature 
review and research results.

1. Literature review

The literature review was based on search key 
words, such as consumer co-creation, consumer 
motivation, new product development, and open 
innovation. The search was constrained to informa-
tion regarding co-creation in the B2C sector only.

A constantly changing business environment, 
which is especially relevant nowadays, requires com-
panies to compete by implementing new strategies 
while considering that product innovation develop-
ment is used to satisfy consumer needs and wants. 
This is especially important in building customer 
loyalty (Siemieniako, 2011; Siemieniako and Urban, 
2006). Therefore, open innovation has become a new 
paradigm and an integral part of innovation strate-
gies (Inauen and Schenker-Wicki, 2011) in compa-
nies, including the involvement of consumers and 
producers simultaneously as co-producers. Zatwar-
nicka et al. (2019) describe the involvement of women 
in co-production in the handcraft industry of  
a developing country. A recent report showed that 
61% of firms were growing or expanding their open 
innovation efforts with the focus on partner networks, 
ideation programmes, problem/solver networks and 
co-creation programmes (Griffin et al., 2014). The 
integration of open innovation in companies leads to 
the development of new products for the competitive 
marketplace. New product development is an impor-
tant component in an organisation’s enlargement and 
an increment of its future success (Durmaz et al., 
2017). Regular development of new products can 
potentially ensure customer satisfaction, meet relent-
lessly changing needs and market requirements 
(Owens, 2004). Consequently, NPD is an important 
driver of corporate growth and profitability (O’Hern 
and Rindfleisch, 2010), with an emphasis on systems, 
which simultaneously provide quality, variety, fre-
quency, speed of response and customisation (Bessant 
and Francis, 1994). This can be achieved using the 
NPD process and its stages. NPD processes involve  
a series of phases called the Stage-Gate process (Coo-
per, 2011) aimed at delivering a functional commer-
cial benefit to consumers (Harmancioglu et al., 2007) 
and improving and controlling NPD (Sethi et al., 
2012). 

Typical Stage-Gate process design breaks the 
traditional NPD process into a set of discrete and 
identifiable stages, with each stage consisting of a set 
of prescribed activities (Tzokas et al., 2004), such as: 
the generation of new product ideas, the development 
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of an initial product concept, an assessment of its 
business attractiveness, the actual development of the 
product, testing it within the market, and the actual 
launch of the product on the marketplace. Alongside 
each of these stages, an evaluation takes place, basi-
cally, to determine whether the new product should 
advance further or be terminated (Tzokas et al., 
2004).

By launching new products, companies try to 
deliver new product characteristics, such as new 
benefits, higher quality, correspondence to user 
needs, decreased time-to-market, and reduced devel-
opment costs (Cooper, 2013). The NPD process aims 
to provide solutions that would satisfy consumer 
needs and wants (von Hippel, 2005). Hence, to per-
form this for creating and launching successful new 
products, an understanding of consumer preferences 
has to be essential and taken into consideration (Joshi 
and Sharma, 2004). This shift of consumer role dur-
ing the NPD process leads to “co-creation”. By relating 
the NPD and the co-creation process, O’Hern and 
Rindfleisch (2010, p. 83) discussed a definition of the 
co-creation as “a collaborative NPD activity in which 
customers actively contribute and/or select the con-
tent of a new product offering.” Beside this, co-cre-
ation involves exchanging ideas, sharing knowledge, 
and working together (Akhilesh, 2017). Piller et al. 
(2010, p. 8) defined co-creation as “an active, creative, 
and social collaboration process linking producers 
and consumers, aided by the organization.” This idea 
of co-creation is different from some other terms, 
such as mass collaboration, crowdsourcing, and mass 
customisation, which sometimes get confused with 
co-creation. As co-creation creates value for an indi-
vidual as well as a group, it is different from mass 
customisation. Co-creation is different from crowd-
sourcing of ideas because it implies active intellectual 
participation in a process; and it is different from 
mass collaboration because of the two-way flow 
between the organisation and the participant (Ind et 
al., 2013). In addition, consumer involvement in the 
NPD process can improve product quality, reduce 
risk, and improve market acceptance (Hoyer et al., 
2010).

The ability of consumers to take a more active 
role in NPD has been significantly enhanced by 
recent technological advances, most notably, the 
development and expansion of the Internet (O’Hern 
and Rindfleisch, 2010). Mitręga (2018) showed the 
value of online organisational routines for co-creation 
and their helpfulness in product innovation imple-
mentation on the market. The introduction of Web 

2.0 and different social media platforms contributed 
to the development of a new era of consumer empow-
erment enabling consumers to interconnect world-
wide and easily share and exchange personal, social 
and scientific knowledge with like-minded individu-
als (Lorenzo-Romeo et al., 2014) as well as share 
information, opinions and experiences as fast as 
never before (Smaliukiene et al., 2014). Thus, the web 
and social media enable companies to interact and 
share knowledge with consumers, and to co-create 
new products with them. 

According to Hoyer (2010), the collaboration 
with consumers in all stages of the product develop-
ment process concerns the scope of co-creation. Co-
creation implies consumer engagement in phases of 
NPD (Verleye, 2015), namely, the creation of offerings 
through ideation (e.g., consumers generating new 
ideas in virtual environments of companies), design 
(e.g., consumers designing their own offerings using 
self-design tools provided by companies), and devel-
opment (e.g., user communities testing offerings for 
defects). Some consumers only participate in the ini-
tial stages of the process; others partake in the final 
stages, and some cooperate continuously throughout 
the entire course of development (Largosen, 2005). 
However, consumer input at the early stages is more 
critical and useful than at the later stages (Kahn et al., 
2005). For example: (i) the “Co-Creation Lab” of the 
BMW Group is a virtual meeting place for individu-
als interested in car-related topics and anxious to 
share their ideas and opinions on the automotive 
world of tomorrow; (ii) LEGO Ideas is an online 
community where members can discover cool cre-
ations by other fans and submit their own designs for 
new sets; (iii) Apache is open source web server soft-
ware where consumers can test, provide feature 
enhancements, bug fixes, and support others in blogs 
and forums. Co-creation in NPD is an experience-
oriented concept, which concentrates on the interac-
tion between the company and the consumer. 
Therefore, co-creation has three important aspects, 
namely, the consumer, the company and the interac-
tion between the consumer and the company. The 
co-creation process can be considered from different 
perspectives, i.e., the company perspective and the 
consumer perspective, highlighting benefits for both. 

From the perspective of a company, the facilita-
tion of the co-creation experience with consumers 
requires to create environments that promote co-
creation. Firms need to create specific environments 
for employees to interact with consumers, provide 
information infrastructure and resources (Ter-



Volume 11 • Issue 3 • 2019

63

Engineering Management in Production and Services

blanche, 2014). These capabilities and infrastructures 
that allow consumers to perform activities have to 
fulfil five basic requirements: provide user-friendly 
operation, offer module libraries, provide “trial and 
error” functionality, define a possible solution space 
and transfer user design (Gaubinger et al., 2015). 
Furthermore, these resources and infrastructures 
have to be built on the basis of three characteristics: 
“degrees of freedom” (the consumer’s autonomy in 
the task), “degrees of collaboration” among consum-
ers (the interaction between the firm and the con-
sumer vs. communities) and the “stage of the 
innovation process” (front-end vs. back-end) (Piller 
et al., 2010). According to these three dimensions, 
eight ideal types of co‐creation with consumers 
emerge: idea contests, idea screening, product‐related 
discussion forums, communities of creation at front-
end co-creation; and toolkits for user innovation, 
toolkits for customer co‐design, communities of cre-
ation for problem-solving and virtual concept testing 
at back-end co-creation. All these methods of con-
sumer co‐creation follow a common principle, but 
despite this common ground, companies intending to 
profit from co‐creation need to know which of the 
different methods are most suited for them and how 
to use these tools best (Piller et al., 2010). More 
detailed research is required to answer these ques-
tions.

From the consumer perspective, co-creation has 
been addressed in terms of stages experienced by 
consumers during participation, analysing their 
motivates to participate, their roles in co-creation and 
their participation styles (Terblanche, 2014). The 
level of consumer participation in co-creation 
depends on the technical ability of consumers, the 
information they possess and the costs of participa-
tion (Gurau, 2009). According to Fuchs and Schreier 
(2011), four levels of consumer involvement exist and 
relate to consumer empowerment in terms of two 
basic dimensions: creating ideas for new product 
designs (zero empowerment and empowerment to 
create) and selecting the product designs to be pro-
duced (empowerment to select and full empower-
ment). As a result, different levels of involvement will 
have different effects on the outcomes of co-creation. 
The higher the involvement of consumers in co-cre-
ation, the more positive the outcomes will be.

But the concept of co-creation is based on a vol-
untary basis, which implies that consumers have to be 
motivated to participate. Therefore, a key constraint 
of the concept is the consumer’s willingness to 
exchange ideas and knowledge with organisations. It 

is vital for businesses to determine what enables 
consumers to actively share their ideas and what 
might inhibit their decision to cooperate.

Fuller (2010) analysed motives for co-creation. 
Multiple reasons drive consumers to engage in open 
innovation projects ranging from purely intrinsic 
motives (such as fun, kinship, and altruism) and 
internalised extrinsic motives (e.g., learning, reputa-
tion, and own use) to purely extrinsic motives (such 
as payment and career prospects) (von Krogh et al., 
2008). As a result, ten categories of motives were 
identified: intrinsic playful task, curiosity, self-effi-
cacy, skill development, information seeking, recog-
nition (visibility), community support, friendships, 
personal need (dissatisfaction), and compensation 
(monetary reward) (Gaubinger et al., 2015). This 
motive structure served as the basis for the distinc-
tion of four consumer types: reward-oriented, intrin-
sically interested, curiosity-driven and need-driven 
consumers (Fuller, 2010). Reward-oriented custom-
ers are driven by monetary reward. Intrinsically 
interested customers are highly motivated by their 
interest in innovation activities, as they are very 
skilled novelty seekers, who like problem-solving. For 
them, monetary reward is not the first priority. Curi-
osity-driven customers are highly involved in co-cre-
ation, as they are curious about the process and its 
result. Need-driven customers participate in co-cre-
ation because they are not satisfied with the current 
products/services available on the market. They are 
highly demanding and very interested in adapting the 
existing offer to their own needs (Orcik et al., 2013). 
Ideally, a company should target all types of consum-
ers with its Internet-based co-creation activities and 
meet their expectations.

In terms of customer motivation to participate in 
online co-creation, Katz et al. (1974) proposed uses 
and gratification (U&G) theory. This theory can be 
supplemented with Fuller’s (2010) classification of 
benefits (which are economic, cognitive, hedonic, 
personal, social and pragmatic) and O’Hern’s and 
Rindfleisch’s (2010) co-creation typology classifica-
tion, which includes co-designing, tinkering, collabo-
rating and submitting.

2. Research method

The study was based on an online questionnaire 
and the CAWI method. Even though the tool was 
quantitative, the used approach was qualitative. The 
statistical analysis was not made as the research was 
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considered explorative and aimed at revealing con-
sumer motives to participate in co-creation processes 
via Internet-based resources. Google Forms were 
chosen as an appropriate tool for the new era of con-
sumer empowerment, enabling consumers to inter-
connect worldwide and helping them to gather data 
from various geographical locations.

Different types of questions were used in the 
questionnaire, including dichotomous, multiple-
choice and ranking scale questions. Facebook was 
used as s social media platform for the distribution of 
the survey to reach respondents worldwide. The 
questionnaire was divided into two parts, with the 
first part capturing the motives and perception of 
involvement in the co-creation process, and the sec-
ond part targeting demographic characteristics of 
respondents. 

The research sample comprised of 126 respon-
dents. The purposive method was used to gather 
respondents. The intent was to have male and female 
respondents of different age groups, specifically: 
16–25 year-olds as the first group, 26–35 year-olds as 
the second group and those over 35 as the third 
group. It was also assumed that the respondents 
would represent a wide range of levels of education, 
occupations, different employment statuses and 
social groups, such as students and older adults.

Participation in this survey was voluntary, par-
ticipants did not receive any financial/non-financial 
remuneration. 

3. Findings

The group of respondents comprised of 38 (30%) 
males and 88 (70%) females. Respondents were dis-
tributed across three age categories, with 43% in the 
first group (16–25 y.o.), comprising between – 24% in 
the second group (26–35 y.o.) and 33% in the third 
group (over 35). 

In terms of the level of education and the type of 
occupation, more than half of respondents were 
employed (52%), one-fifth were students (21%), 15% 
were self-employed, some were unemployed (10%) 
and retired (3%). 

Most respondents (47%) spent 1 to 3 hours 
online on average per day, some (20%) spent 4 to 6 
hours, and several people (11%) spent more than 6 
hours. Only 10% of respondents had only 10–30 
minutes to spend online on average per day, while 
13% of respondents spent 30–60 minutes.

According to the results of the research, three-
quarters of respondents had never participated in 
co-creation activities. Some reasons became appar-
ent, with the majority (42%) of respondents indicat-
ing having had no knowledge of a possibility to take 
part. Despite the fact that consumer co-creation is 
not a new phenomenon, most people are still unfa-
miliar with this concept and the type of activities it 
entails. Consequently, aiming to attract more people, 
companies must provide more information about 
co-creation activities at their locations but also at 
more popular sites used by consumers, such as Face-
book, Instagram and Twitter. The second most popu-
lar reason, which was indicated by a third of 
respondents, was the lack of knowledge of how to 
participate. This reason is interconnected with the 
first as without the awareness of the activity taking 
place, it is impossible to know how to participate. It is 
also an important factor as the lack of knowledge 
decreases customer motivation. To avoid this as well 
as to interest and motivate people to participate, 
companies must provide consumers with clear 
instructions and detailed explanation of the process. 
Yet another reason is the lack of thought about the 
possibility to take part in online co-creation activi-
ties, which was indicated by almost 13% of respon-
dents. This reason can also be explained by the lack of 
motivation and understanding the purpose of the 
activity. 

However, 81% of all respondents indicated their 
interest to participate in co-creation activities related 
to NPD processes in the future. The most popular 
reasons for such interest were enhanced knowledge of 
product trends, related products and technology 
(47% — strongly agree; 23% — agree), improved sat-
isfaction of customer needs (57% — strongly agree; 
29% — agree) and a possibility to spend some enjoy-
able and relaxing time (23% — strongly agree; 33% 
— agree; Fig. 1). 

These reasons were related to cognitive, prag-
matic and hedonic expected benefits, respectively. It 
should be noted that financial compensation or 
another type of reward was not a priority. Conse-
quently, according to the expected benefits, the 
respondents can be attributed to the group of intrin-
sically interested, curiosity-driven and need-driven 
customers. Respondents who were uninterested in 
participating in co-creation in the near future once 
again mentioned the lack of time and interest.

 To understand the respondent’s intention to 
participate in future online co-creation activities, 
cluster analyses were used. The results showed that 
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Fig. 1. Reasons of participating in online co-creation activities 
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Disagree Strongly disagreeconsumers engaged in online co-creation for several 
reasons, such as curiosity, dissatisfaction with exist-
ing products, intrinsic interest in innovation, 
enhanced knowledge, the chance to share ideas or to 
get monetary rewards. This analysis revealed the dif-
ference among consumers by their motive structure 
that drives them to participate in online co-creation 
and, therefore, expect different benefits (Fig. 2). 

The most prevailing types of expected benefits 
among respondents were cognitive, which were 
related to acquiring new knowledge or skills, and 

pragmatic, which concerned better solutions for per-
sonal needs. This suggests that relationships exist 
between benefits and reasons for participation in 
online co-creation activities. As for the reasons 
related to benefits, enhanced knowledge of the prod-
ucts and their use as well as better solutions for per-
sonal needs were the most popular among 
respondents. However, respondents also indicated 
they would anticipate hedonic benefits in terms of 
spending some enjoyable and relaxing time, fun and 
pleasure, entertainment and stimulation of the mind, 

Fig. 2. Benefits expected from the participation in an online co-creation process
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enjoyment of problem-solving, idea generation etc. 
However, economic benefits were not important as 
they could be expected compared to other benefits. 
As it was mentioned above, all respondents indicated 
the importance of being rewarded and this reward 
did not automatically have to be money.

Considering the consumer attitude towards the 
co-creation process, it was observed that 57% of 
respondents strongly agreed with the fact that 
involvement of consumers in the online co-creation 
process would result in better products or services 
and co-creation activities could positively affect the 
relationship between customers and companies. 
However, 45% of respondents strongly agreed that 
users must be involved in the online co-creation 
process. Usually consumers want to be intrinsically 
motivated. Furthermore, consumers are more aware, 
more conscious about their needs and have a distinct 
conception of which products or services they are 
searching for. Consequently, they want to be engaged 
in co-creation process and actively participate in the 
creation of new products.

At the same time, however, the most preferred 
types of Internet-based co-creation activities were 
co-designing (helping to select the product design by 
voting), tinkering (adding additional features to the 
product) and collaborating (developing and improv-
ing core components and the underlying structure of 
a new product), which scored 31%, 27% and 26%, 
respectively. These results can be explained by the fact 
that submitting represents the lowest level of con-
sumer empowerment, compared to other types of 
co-creation (as the company dictates the format that 
contributions must follow and also has full power to 
select which consumer contributions to adopt), while 
more consumers are seeking to receive a more active 
role in the creation of the products they consume. 
The almost equal distribution of opinions among 
these three types of co-creation can be explained by 
the fact that all these types provide customers with 
considerable autonomy in terms of the selection pro-
cess in varying degrees, and co-designing involves  
a level of customer autonomy over content selection 
that falls somewhere between collaborating and tin-
kering.

Conclusions
	
Based on the literature review, it can be concluded 

that co-creation in the NPD process is an important 
aspect of the highly competitive market of today. 

With the advent of Internet and mobile technologies, 
consumer opinions and information can be easily 
obtained and cost less than ever before. Thus, co-cre-
ation with consumers is not only a means of gaining 
insight into the wants of consumers but also a mar-
keting tool to show that the company invites its con-
sumers to participate in the development of new 
products and company-wide innovation. Internet 
ensures effectiveness and efficiency of co-creation 
activities used for the NPD process by lowering the 
cost of interaction among participants, allowing  
a larger number of participants to contribute to  
a particular co-creation initiative as well as decreas-
ing time-to-market and financial cost. In addition, 
consumer co-creation has substantial implications 
both for firms and consumers, where firm related 
outcomes of co-creation are efficiency, effectiveness 
and increased complexity, and the consumer-related 
outcomes fit consumer needs, build relationships, 
bring engagement and satisfaction. 

The findings of this research showed that con-
temporary consumers, although not yet participating 
in co-creation activities within the NPD process, are 
very willing to be engaged in the future. The main 
reasons for participation in co-creation activities are 
enhanced knowledge on product trends, related 
products and technology, improved satisfaction of 
customer needs and spending some enjoyable and 
relaxing time. In the opinion of the respondents, the 
most important types of expected benefits from the 
participation in the co-creation of a company’s NPD 
process are cognitive and pragmatic. Also, hedonic 
benefits were emphasised as important.

Based on the literature review and the results of 
the explorative research, the conceptual model  
(Fig. 3) was offered, which can be empirically tested 
using a quantitative survey in the future. 

The proposed model consists of three variables, 
namely “antecedents”, “attitudes”, and “consequences”. 
The first variable of the U&G theory (Katz et al., 
1974), “antecedents”, explains the motivations a cus-
tomer could have to co-create on a voluntary basis. 
These motivations are based on Fuller’s (2010) classi-
fication of benefits and, respectively, are economic, 
cognitive, hedonic, personal, social and pragmatic. 
These antecedents influence the attitudes of a user 
towards participants in co-creation and the subse-
quent actions. The variable “attitudes” describes what 
attitudes the customer has towards co-creation, con-
sidering previously mentioned benefits. The final 
variable “consequences” interprets how the attitudes 
are transferred into actions. These “consequences” 
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Fig. 3. Conceptual modelFig. 3. Conceptual model

Source: (Khrystoforova, 2019). include “customer participation in co-creation”, 
whether users have participated in any kind of cus-
tomer involvement, which is based on typology of 
customer co-creation developed by O’Hern and 
Rindfl eisch (2010) and includes codesigning, tinker-
ing, collaborating and submitting; and “customer 
satisfaction in co-creation” which explains the bene-
fi ts expected by the users to satisfy them suffi  ciently 
during co-creation. 

Th e practical implications of these fi ndings 
inform companies about a motivated co-creator and 
keys to the success of the co-creating activity. Motiva-
tion can be achieved by supporting and promoting 
the six perceived benefi ts, particularly those related 
to the social aspect, such as enjoyment and stimula-
tion of the mind as well as benefi ts related to the 
pragmatic aspect, such as enhancing the knowledge 
of the product, technology or brands. Clearly, con-
sumers would be willing participate more if the pro-
cess off ered enjoyment and entertainment as well as 
provided insights and knowledge of products and 
technologies.
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The current special section of Engineering Management in Production and Services consists of five articles devoted to 
topics of managerial reporting, open innovations, CRM and its influence on organisational performance, reengineering of 
production processes and comparison between governance mechanisms, and supply chain performance. These topics are 
undoubtedly important for countries in economic transition as well as for well-developed economies. 

Authors of the first paper Open innovation in the context of organisational strategy analyse the relationship between 
different types of corporate strategy and open innovation in the contexts of the age, size and the operational range of 
enterprises. Traditional and electronic forms of a questionnaire were used to research a sample of 100 randomly selected 
companies in Poland. The level of “openness” of innovation processes in an enterprise was determined according to  
a 3-point scale, namely, a closed innovator, a hybrid or semi-open innovator, and an open innovator. Enterprise strategies 
were classed into three main types — cost leadership, differentiation or diversification — used to achieve a competitive 
advantage. The results showed a strong correlation between open innovations, the cost leadership strategy and the 
differentiation strategy (negative correlation). The relationship was also observed between the age, size and the range of 
a company and the opening of innovative processes. As stated by the authors, the research aimed to fill the knowledge 
gap regarding the links between a particular type of strategy and the opening of innovation processes.

The second paper Managerial reporting by food production companies in Slovakia in 2017 claims that corporate reporting 
on non-financial information has been currently gaining much more interest compared to the past. Most food enterprises 
believe that performing responsibly and showing an interest in society and the environment will result in some profit and 
will benefit them as well as society. Thus, the study focused on managerial reporting of 2017 regarding the social and 
environmental effects of food companies in Slovakia. The research covered all of the food enterprises operating in Slovakia 
that compiled annual reports for 2017. In total, 142 annual reports were collected on economic activities in 26 subclasses 
in the sector. The results present a current and comprehensive reporting overview of this industry in Slovakia and reveal 
several shortcomings in executive reporting.

The next paper Reengineering of production processes and its impact on the financial situation and business performance 
of the company highlights the importance of well-planned and implemented processes in the improvement of the financial 
position of the business. The authors believe that the current body of knowledge is yet to provide business managers with 
an effective solution to monitor the impact made by reengineering on corporate financial results. Therefore, the 
contribution this paper makes is significant as it provides a practical application of reengineering based on the analysis, 
implementation and evaluation to assess the impact on the financial situation and performance of the business. The main 
findings of this study support the initial view that reengineering of production processes could most probably lead to 
increased performance and value to a company, specifically with regards to its financial situation. 

The fourth paper CRM influence on organisational performance — the moderating role of IT reliability aims to verify the 
role of IT reliability as the factor potentially strengthening the CRM influence on organisational performance and conclude 
whether the IT reliability is indeed an important factor shaping the CRM ability to generate value for an organisation. The 
research was carried out based on a survey of 558 entities in Poland and 564 in Switzerland. The research clearly showed 
that IT reliability is a moderator of the relation between CRM time-of-use and the organisational performance. The existing 
IT solutions should support CRM, and with such support, this management method will positively impact organisational 
performance. This conclusion seems to be an important contribution to the studied field, filling the research gap concerning 
the mechanism of IT support for CRM. 
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The final paper Examining the link between the governance mechanisms and supply chain performance — an empirical 
study within the triadic context focuses on the importance of governance in the supply chain process. The study showed 
that the triadic supply chains significantly differentiate in terms of the modes of governance. In addition, findings also 
indicated that the triadic supply chains that follow the network governance mode consider their performance to be 
significantly higher in comparison to the supply chains that do not run this type of governance mechanism. It is important 
to highlight that the mechanism of governance is inseparable from a certain dyadic relationship established between two 
actors in the broader structure of supply chains. The study also showed that incorporating a clan as a social mechanism of 
governance together with good market environment and hierarchy results in increasing the relational benefits and overall 
performance for both dyads in the triadic supply chains.

The articles in this special section of Engineering Management in Production and Services provide valuable new insights 
into analysed topics. We believe that this issue contributes to the development of theory and provides relevant insight for 
scholars, policymakers and practitioners.
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A B S T R A C T
Corporate reporting on non-financial information has been currently gaining much 
more interest compared to the past. Most food enterprises believe that performing 
responsibly and showing an interest in society and the environment will produce  
a profit and benefit them as well as society. Such cases, in which enterprises report on 
non-financial information, were the subject of this research. The study aims to discover 
the managerial reporting of 2017 on the social and environmental effects of food 
companies in Slovakia to better understand problems in this regard. 2017 was the first 
year when enterprises were required to draft annual reports containing non-financial 
information following the amendment to the Slovak law that resulted from the 
European Union requirements. Across the world, reporting on non-financial 
information is regulated by voluntary guidelines. The paper presents conclusions of  
a content analysis of annual food business reports in the Slovak Republic in the context 
of G4 (GRI) directives from social and environmental points of view as key elements in 
social responsibility reporting. Individual social and environmental aspects of the 
research are disclosed by an enterprise if the information in its annual report conforms 
to defined G4 activities (GRI). All the food enterprises operating in Slovakia that 
compiled annual reports for 2017 were included in the research. Therefore, 142 annual 
reports with economic activities in 26 subclasses in the food industry sector were 
selected. The results present a current and comprehensive (full) reporting overview of 
this industry in Slovakia and reveal several shortcomings in executive reporting. The 
analysis of the environmental information in the annual reports shows that food 
enterprises reporting on environmental protection mainly focus on waste, product 
services, wastewater, materials and energy, evidenced by information about ongoing 
monitoring of the environmental impacts of production. In the social category, the G4 
(GRI) directive defines four main aspects: (i) labour relations and the environment, (ii) 
human rights, (iii) society and (iv) liability for products. 
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Introduction

In the Slovak Republic, the food industry is 
closely linked to primary agricultural production 
and, therefore, holds an important position in the 
economy. It has a significant impact on employment 
and health of the population as well as the develop-
ment of individual areas and regions of Slovakia. 
Nevima and Kiszová (2013) reached similar conclu-

sions concerning the Czech Republic. The Food 
Industry Development Concept 2014–2020 of the 
Slovak Republic considers the food industry a strate-
gic branch that ensures the country’s food sovereignty 
having the further developmental potential to the 
level of 80% by 2020. The Concept aims to meet the 
following strategic objectives (The Food Industry 
Development Concept, 2014):
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•	 Improve the food sovereignty to 80% of the cur-
rent consumption of the Slovak population;

•	 Strengthen the position of the Slovak food indus-
try on the market;

•	 Increase the food industry’s competitiveness. 
In April 2018, the Food Chamber of Slovakia 

(FChS) indicated the declining trend in all indicators 
of the food industry, which was a consequence of the 
onset of low-cost trade systems and restrictions in 
Slovakia. Large stores significantly contributed to the 
decline in the proportion of domestic food on the 
domestic market. In other words, Slovak food has 
been pushed out of the market by cheaper imported 
food (Teraz.sk, 2018).

The food industry plays an important role in the 
Slovak Republic; however, it is characterised by an 
insufficient and low degree of food security (Kollár, 
2015; Vaqué, 2017). The plan to combine the develop-
ment of the food industry with the concept of corpo-
rate social responsibility (CSR) is a suitable tool for 
meeting the strategic objectives of food enterprises 
that are associated with those of the government. 
Nowadays, the interest of the public in the informa-
tion related to the food industry is on the rise. Annual 
reports, which are the basic source of information on 
business activities, are regulated by the Accounting 
Act in Slovakia. The obligation to compile an annual 
report concerns companies that are required to audit 
the financial statements by an external auditor and 
the Accounting Act also sets out the basic require-
ments for the content of the annual report. However, 
it does not specify the exact information to be 
included or its structure, especially in the field of 
CSR. In terms of sustainability reporting, particularly 
CSR, the EU member states follow the current key 
legal act, which in is Directive 2013/34/EU of the 
European Parliament and of the Council on the 
annual financial statements, consolidated financial 
statements and related reports of certain types of 
enterprises, amending Directive 2006/43/EC and 
83/349/EEC as amended. More detailed reporting in 
the field of CSR was prescribed by Directive 
2014/95EU of the European Parliament and of the 
Council of 22 October 2014 amending Directive 
2013/34/EU as regards disclosure of non-financial 
and diversity information by certain large enterprises 
and groups. Member states of the EU can choose  
a way to apply the requirements for enterprises. They 
have more possibilities to report non-financial infor-
mation (CSR information): to compile it as a part of  
a managerial report (this option is available in Slova-
kia, where an Annual Report is a fusion of financial 

and non-financial information), to compile a stand-
alone sustainability report, or to compile several 
reports containing different types of information. 

Information about business activities published 
in annual reports is only important when it can be 
used by people to make decisions. Different than 
reporting financial information, there is no uniform 
approach to reporting non-financial information, 
which makes itis difficult to compare. Annual reports 
contain information that varies in scope, is placed in 
different locations, has numerous wordings and 
interpretations. Consequently, it becomes question-
able whether businesses are reporting anything at all. 
The current CSR reporting issues are also relevant to 
industrial sectors. 

Authors of several major publications have been 
investigating CSR reporting in several countries and 
industries (e.g. Gray et al., 1995; KPMG, 2017; Habek, 
2017; Horvath et al., 2017a; Horvath et al., 2017b; 
Wagner et al., 2018; Tetrevova, 2018); however, no 
comparable research for the food industry in terms of 
extended annual reporting requirements in the Slo-
vak Republic has been published yet.

Despite efforts to reconcile and compare non-
financial information in the Member States of the 
European Union, for example, by issuing a Guide to 
Disclosure of Non-Financial Information (the meth-
odology for disclosure of non-financial information), 
obstacles arise from differences in legislation, termi-
nology or information presentation (Guidelines on 
non-financial reporting, 2017).

Given the above-mentioned facts and impor-
tance of the food industry, research was concentrated 
on determining the scope of reporting on key aspects 
of social and environmental issues for the accounting 
period 2017, in which the requirements for reporting 
on non-financial information in accordance with the 
transposed EU directives in Slovak legislation were 
stipulated for the first time.

The study aimed to discover the managerial 
reporting in 2017 on the social and environmental 
effects of food enterprises in Slovakia to better under-
stand problems in this regard. 2017 was the first year 
when enterprises were required to draft annual 
reports containing non-financial information follow-
ing the amendment to the Slovak law that resulted 
from the European Union requirements. Across the 
world, reporting on non-financial information is 
regulated by voluntary guidelines. The paper presents 
conclusions of an analysis of Slovak annual food-
business reports in the context of G4 (GRI) directives 
in social and environmental fields as key elements of 
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social responsibility reporting and the use of the most 
refined reporting guide to aid such task.

The paper offers a literature review focusing on 
the theoretical background of food enterprise speci-
ficities, corporate social responsibility and their 
reporting behaviour from theoretical and practical 
points of view. The practical research into the content 
of annual reports focused on the conditions in Slova-
kia, and the results were structured according to the 
main aspects of social and environmental categories 
presented in the G4 (GRI) directives. The discussion 
section compares the results to those obtained by 
authors in other contemporary researches. The con-
clusions section identifies the most important weak-
nesses in and directions for improving executive 
reporting on non-financial information and informa-
tion about the social and environmental activities of 
enterprises.

1. Literature review

Globalisation, accompanied by rapid technologi-
cal changes, has given rise to a completely new busi-
ness environment. Under these new circumstances, 
the development of a modern company is determined 
not only by the effective use of resources and the 
application of appropriate strategies but also by tak-
ing into account the concept of corporate social 
responsibility (Sroka and Szántó, 2018). In other 
words, if a company wishes to be perceived as a reli-
able partner in business, it should implement ele-
ments of this concept (Stonkute, Vveinhardt and 
Sroka, 2018). Terms “sustainability” and “permanent 
sustainable development” date back to the 1970s. 
Originally, they were used in the sense that the 
uncontrolled growth of anything (population, pro-
duction, consumption, pollution, etc.) is not sustain-
able when resources are limited (Petera and Wagner, 
2015). Sustainable development has famously been 
defined as development that meets the needs of the 
present without compromising the ability of future 
generations to meet their own needs (Zhang, Morse 
and Kambhampati, 2018 or Turečková et al., 2018). In 
the last decade, an increasing number of companies 
have been involved in the preparation and disclosure 
of sustainability reports, which include information 
on economic, social and environmental dimensions 
as the major measures of the corporate sustainability 
quality the so-called “triple bottom line” (Elkington, 
1998). Sustainable development is a broader category 
than CSR. The CSR concept is an implementation of 

sustainable development at the enterprise level. CSR 
is considered important for the existence of compa-
nies in numerous countries and regions (Lőrinczy 
and Sroka, 2015).

Since the enforcement of obligations to publish 
reports on corporate social responsibility (CSR) in 
the European Union in 2018, an increasing number 
of companies have introduced the CSR policy into 
their everyday business practices, and as a result, 
started disclosing the related information in CSR 
reports or within annual reports (Strouhal et al., 
2015). Corporate social responsibility has become 
significant in contemporary theory as well as profes-
sional practice (Grmelová and Zahradníková, 2019).

The commitment to act responsibly for sustain-
able development of the society is mandatory for 
companies that aim to create a strong corporate 
image as the society becomes more and more con-
cerned about ethical, social (Mallin, 2004) and envi-
ronmental (Krause, 2015) challenges. In most 
countries, CSR reporting is voluntary; therefore, 
companies choose various means to disclose CSR-
related information, either in the form of standalone 
CSR reports or within annual financial reports 
(Strouhal et al., 2015). As business sustainability is  
a highly complex issue, mainly containing non-
financial data, reporting is not easy, so, several initia-
tives provide frameworks for sustainability reporting 
(Budinská, 2016).

In many countries, politicians wish to proliferate 
the number of new firms and improve their perfor-
mance by improving sustainable activities (Solesvik, 
2019). Depending on a country, different frameworks 
and standards can be used, such as UN Global Com-
pact Principles, OECD Guidelines for Multinational 
Enterprises, GRI guideline, ISO 26000, AA1000 and 
SA8000 (Aureli, 2017). The GRI Sustainability 
Reporting Guidelines (Guidelines) offer Reporting 
Principles, Standard Disclosures and an Implementa-
tion Manual for the preparation of sustainability 
reports by organisations, regardless of their size, sec-
tor or location (G4 (GRI) Sustainability reporting 
guidelines, 2016). The main benefit of the directive is 
a list of quantitative and qualitative performance 
indicators, through which the company describes its 
socially responsible performance (Chomová, 2009).

At present, many standards regulate CSR. This 
diversity is mainly supported by increased interest 
and the inconsistency in the theoretical anchoring of 
the CSR concept. Studying the literature, however, 
most frequently results in a conclusion that usually, 
the basic division, according to Leipziger (2010), is 
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applied, which divides standards into the process- 
and performance-oriented. Performance standards 
are concentrated on the formulation of measures for 
social responsibility, while process standards also 
focus on defining areas, e.g., reporting or communi-
cating with stakeholders (Kutlák and Procházková, 
2017). According to the concept of CSR as a strategic 
decision, the management plays a fundamental role 
in determining responsible behaviour of an organisa-
tion and its accountability to different interest groups 
(Hill and Jones, 1992; Rupley et al., 2012; Ferrero-
Ferrero et al., 2013). Stakeholder involvement is seen 
as a key process to align enterprise and stakeholder 
interests and to identify material content for sustain-
ability reports (Moratis and Brandt, 2017). Typical 
users often willingly engage with organisations, in 
which they have an interest (Li et al., 2014). The legis-
lature does not explicitly classify tasks related to cre-
ating conditions for business development among the 
tasks of communes as local government units and 
important stakeholders. However, it indicates the 
need to satisfy the collective needs of the community 
(Pierzyna, 2019). The broad diversity of information 
exchange practices has been found in the network of 
“policy stakeholders” (Dvorak and Civinskas, 2018). 
It is not only financial health indicators that provide 
information on an enterprise (Šebestová et al., 2018). 
Together, non-financial and financial reporting pro-
vides stakeholders with meaningful, comprehensive 
insights into the position and performance of compa-
nies and groups in the past, present and predictable 
future, which is why they are so strongly regulated.

As an alternative to sustainability reports, com-
panies may divulge information about their social 
and environmental goals, actions and related conse-
quences through other documents, such as the inte-
grated report, citizenship report, social report or even 
the annual report (Aureli, 2017; MacGregor 
Pelikánová, 2019). Today, reporting the sustainability 
of a business is not just a voluntary matter (Budinská, 
2016). Many Slovak companies provide brief infor-
mation in their annual reports to meet legal require-
ments. However, some companies consider the 
annual report an important and effective document 
for the transparency of their business and, therefore, 
already meet the criteria of a high-quality annual 
report (Okruhlica et al., 2018).

Corporate social responsibility can be seen as an 
attribute to helping meet the goals of enterprises in 
the food industry. It is increasingly recognised as  
a critical tool for companies seeking to integrate CSR 
into day-to-day operations and strategies (Chandler, 

2017a). When looking at the legal viability, there has 
been a trend towards allowing organisations some 
additional flexibility in the dissemination of their 
financial statements (Boylan and Boylan, 2017). CSR 
or, as some call it, corporate conscience, citizenship, 
social performance or sustainable corporate respon-
sibility is a form of enterprise self-regulation inte-
grated into a business model (Wood, 1991).

Strategic CSR represents the intersection of the 
CSR and strategy; thus, to implement a strategic CSR 
perspective throughout operations, it is essential that 
executives understand the interdependent relation-
ships between the firm, its strategy, and its stakehold-
ers that define the firm’s environment and contain its 
capacity to act (Chandler, 2017b). CSR management 
across all dimensions becomes the core of sustainable 
strategic management of a company, the most impor-
tant component of which is people. The staffing of the 
company is considered to be the most valuable source 
of prosperity, and often, personnel management as  
a priority (Loučanová and Parobek, 2014). Demo-
graphic changes caused by the ageing of the popula-
tion have an impact on organisations and the age 
structure of their employees; organisations face new 
challenges in the field of human resources manage-
ment since employees belonging to different age 
groups also perceive their working environment dif-
ferently and react differently (Rožman et al., 2019). 
However, recent studies have found that a salary is 
not the most important factor in the context of 
employee job satisfaction as other factors, such as 
work-life balance and health awareness, have special 
significance (Schiller, 2019). The utilisation of the 
company strategies in CSR must have a significant 
impact on the work motivation of employees (Zatro-
chová, 2015). Human resource management contrib-
utes greatly to attracting talented individuals to an 
organisation even in the face of increasing competi-
tion due to the global and knowledge economies 
(Al-Tal and Emeagwali, 2019). A new research 
method may emerge to address the problem (Ribeiro-
Soriano et al., 2018; Melecký and Staníčková, 2017).

Environmental sustainability can help a company 
make a positive contribution to society and the natu-
ral environment (Nagyová et al., 2016). The environ-
ment has become a part of a company’s responsible 
approach to business activity and, at the same time, 
an opportunity for entrepreneurial growth (Carroll, 
1999). Environmental activities in the framework of 
the enterprise strategy development gave rise to the 
EU Green Paper, in which CSR defines the voluntary 
integration of social and environmental aspects into 
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day-to-day business activities and interactions with 
stakeholders (Moravcikova et al., 2017). The nature of 
social responsibility, as a starting point for sustain-
ability, expresses the company’s focus on goals and 
strives to meet the economic, social and environmen-
tal goals of activities, in which the company manages 
responsibly beyond legal standards (Németh, 2016). 
This definition is based on the so-called principle of 
triple bottom line (people, profit, planet) (Kunz, 
2012), that is, the measurement of positive and nega-
tive impacts of the enterprise on the social, economic 
and environmental spheres of society as a whole, 
considering other CSR principles, such as sustainable 
development and volunteering (Jankalova and Var-
tiak, 2017). Environmental Operational Accounting 
monitors and evaluates value-based financial 
accounting information and data on material and 
energy flows in a mutually related manner to improve 
the efficiency of material and energy use, mitigate 
environmental impacts of business activities, prod-
ucts and services (Majerník et al., 2017). Energy effi-
ciency and renewable energy have a great potential 
for economic development in Europe’s regions by 
boosting energy security, creating jobs and increasing 
regional autonomy as well as helping to fight climate 
change (Hunkin et al., 2014). The European Union 
has contributed greatly to the growth of these sectors 
in Europe, with the Europe 20/20/20 targets setting 
the mid-term policy framework (MacGregor 
Pelikánová, 2019), and a variety of programmes and 
tools providing finance and support for regional 
development (Zimmermannová et al., 2019). 

Orientation on products or employees and other 
social aspects are currently becoming a significant 
dilemma in most industries, not only in Slovakia, 
which brings a new understanding of stakeholders 
(Krejčí and Šebestová, 2018). The product (service) 
offered to the customer is one of the factors enabling 
the company to achieve a competitive advantage 
(Sroka, Jablonski A. and Jablonski M., 2013). Firms 
find it increasingly desirable to advocate for environ-
mental protection in the promotion of their corporate 
image and products (Keller, 1998). One such direc-
tion that could help in the reduction of negative 
development is a systematic and well-planned policy 
(Martinat et al., 2016). The term “innovation” is  
a common word used in the scientific communities as 
well as businesses (Shpak et al., 2017). One of the 
most important steps in managing the public sector 
innovation is having an appropriate definition for it 
(Wipulanusat et al., 2019). Product innovations 
resulting in general improvements in product quality 

parameters, such as reliability and durability, can be 
classified as sustainability-oriented since they extend 
the lifespan of the products. Process improvements 
that reduce waste and enhance the efficiency of the 
use of energy or resources will obviously boost com-
petitiveness and will also contribute to greening. 
Investment in new production equipment, replacing 
the outdated, low-efficiency machines, may not only 
increase productivity and quality but also ensure 
more energy-efficient processes, hence reducing the 
firms’ energy consumption per unit (Szalavetz, 2017). 

In developed countries, consumer protection is 
an integral part of the market economy. In the Euro-
pean Union, the concept is in place, focusing on 
accessibility and security and protecting consumers 
against serious risks and threats to health (Lacková 
and Faith, 2015) as well as generally contributing to 
the modern European integration (MacGregor 
Pelikánová, 2019). According to Directive 2001/95/
EU of the European Parliament and of the Council of 
3 December 2001 on general product safety, it is 
important to take measures aimed at improving the 
functioning of the internal market, which is the area 
having no internal borders where the free movement 
of goods is ensured. In the absence of Community 
provisions, horizontal safety legislation of Member 
States imposing economic operators, in particular,  
a general obligation to market only safe products 
could be achieved at the level of the consumer that is 
provided to consumers (Directive 2001/95/EU, 2001).

2. Research methods

As a method, this research mostly used content 
analysis of annual reports by enterprises, filtering 
main topics from social and environmental categories 
of information. As the analysis focused on reports 
within the food industry, enterprises were selected 
checking their classification according to SK NACE 
— the Slovak statistical classification of economic 
activities — and their obligation to compile and pub-
lish annual reports as specified under financial 
requirements of the Act on Accounting of Slovakia 
for audited financial statements. Food industry enter-
prises from the SK NACE classification were selected 
using the service of a private company FINSTAT, 
which allowed to choose enterprises based on differ-
ent criteria (Finstat, 2019). 

The Register of Financial Statements (Register of 
Financial Statements, 2019) administered by the 
Ministry of Finance of the Slovak Republic was the 
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primary source of annual reports for analysis. Since 
2014, enterprises are obligated to publish financial 
statements and annual reports in the Register. The 
research focused on all published annual reports of 
enterprises that operated in the Slovak food industry 
in 2017. 

Out of the total number of 1577 food enterprises, 
142 were selected into the sample of a more detailed 
analysis. On the date of issue of the financial state-
ment, the enterprises had to meet the following two 
conditions: 
•	 operate in the food industry. The sample of food 

enterprises was determined based on the SK 
NACE classification, section C — Industrial 
Production, Food Processing sector, divisions  
10 — Food Production, 11 — Beverage Produc-
tion, and 12 — Production of Tobacco Products;

•	 obligated to audit their financial statements and 
annual reports and, therefore, obliged to draft the 
annual report.
The qualitative analysis of the information pub-

lished in annual reports of 2017 submitted by Slovak 
food industry enterprises listed as such in SK NACE 
aims to reveal the specifics of reporting particular to 
this industrial segment. The content analysis was 
based on keywords contained in annual reports 
regarding CSR-specific areas. The keywords mainly 
focused on terms typical of the food industry and 
supported by general and specific aspects of GRI 
standards (G4 directive) from the main topics of 
social and environmental categories. The result of this 
applied research is an overview of the most important 
information that should be provided in annual 
reports by Slovak food industry enterprises in terms 
of current legislation in the context of sustainable 
development and also the extent of their actual publi-
cation.

3. Research results

The content analysis was based on the informa-
tion contained in annual reports, under the parts on 
social and environmental issues, i.e., areas related to 
CSR. The analysis followed the structure of general 
and specific aspects of the Global Reporting Initiative 
(GRI) standards, which proved to be helpful. When 
choosing the appropriate keywords, researchers 
mainly focused on terms typical of the food industry. 
Within the individual categories of the GRI general 
guidelines, researchers analysed non-financial infor-
mation that was disclosed in annual food enterprise 

reports. The food industry is categorised according to 
SK NACE — the Slovak statistical classification of 
economic activities —Section C — Manufacturing, 
which is based on the NACE EU Regulation referred 
to in the Regulation (EC) No 1893/2006 of the Euro-
pean Parliament and of the Council (Regulation 
(EC), 2006).

From the total number of 1577 food enterprises 
established in Slovakia, 142 were obligated to submit 
annual reports for 2017 (representing only 9% of all 
enterprises) in 26 subclasses of economic activities 
under the Section C. All 142 enterprises were obli-
gated to audit their financial statements and draft 
annual reports for the year 2017, and as they had ful-
filled their obligation up to February 2019, when the 
research started, their reports were selected for the 
detailed textual analysis (Table 1). In Slovakia, enter-
prises listed under seven subclasses out of the 33 of 
the Section C applicable to the food sector’s economic 
activities are not obligated to audit their financial 
statements or submit annual reports (representing 
21% from all active subclasses in Slovakia).

According to the analysis of environmental infor-
mation provided in the annual reports, food enter-
prises engage in environmental protection, which is 
evidenced by an abundance of information regarding 
the monitoring of environmental impacts of produc-
tion. In their annual reports for 2017, several food 
enterprises also commented on the draft of the Act on 
Depositing of Plastic Bottles and Cans. The reports 
also contained information on the use of water in 
several production stages, e.g. the production and use 
of water vapour in food manufacturing. Almost every 
sector had at least one food business that expressed a 
statement regarding the use and protection of water as 
an essential part of the food manufacturing process. 
Such statements were expressed by 21 or 14.79% of 
enterprises. 25 enterprises (17.61%) addressed the 
issues of waste and wastewater. Waste is a diverse issue 
as, for example, enterprises engaged in animal pro-
duction cooperate with certified partners for trans-
portation, loading and disposal or further processing 
of animal waste based on a contractual relationship. 
Similarly, different waste, such as paper, glass, card-
board, plastic and rubber packaging, is transported by 
subcontractors authorised to process, recycle and 
recover such waste. The enterprises conformed to the 
waste policy by implementing waste management 
systems that focused on correct sorting and high level 
of waste recovery. Sugar factories classified in SK 
NACE under 10810 — “Manufacture of sugar”, can be 
taken as an example of waste recovery, which is used 
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Food industry sector
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E

Enterprises in the 
food industry 

for 2017

Enterprises 
obligated to 
disclose the 

annual report 
for 2017

(all 
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Processing and preserving of meat 10110 71 4.50 11 7.75

Processing and preserving of poultry meat 10120 9 0.57 3 2.11

Production of meat and poultry meat products 10130 56 3.55 8 5.63

Processing and preserving of fish, crustaceans and molluscs 10200 8 0.51 1 0.70

Manufacture of fruit and vegetable juice 10320 8 0.51 1 0.70

Other processing and preserving of fruit and vegetables 10390 72 4.57 5 3.52

Manufacture of oils and fats 10410 28 1.78 4 2.82

Operation of dairies and cheese making 10510 37 2.35 14 9.86

Manufacture of grain mill products 10610 57 3.61 12 8.45

Manufacture of starches and starch products 10620 4 0.25 2 1.41

Manufacture of bread; manufacture of fresh pastry goods and cakes 10710 50 3.17 25 17.62

Manufacture of rusks and biscuits; manufacture of preserved pastry goods and 
cakes 10720 76 4.82 6 4.23

Manufacture of sugar 10810 3 0.19 2 1.41

Manufacture of cocoa, chocolate and sugar confectionery 10820 64 4.06 3 2.11

Processing of tea and coffee 10830 63 3.99 1 0.70

Manufacture of condiments and seasonings 10840 19 1.20 6 4.23

Manufacture of prepared meals and dishes 10850 75 4.76 1 0.70

Manufacture of homogenised food preparations and dietetic food 10860 7 0.44 1 0.70

Manufacture of other food products 10890 217 13.76 9 6.34

Manufacture of prepared feeds for farm animals 10910 69 4.38 5 3.52

Manufacture of prepared pet foods 10920 11 0.70 1 0.70

Distilling, rectifying and blending of spirits 11010 111 7.04 7 4.93

Manufacture of wine from grapes 11020 146 9.26 7 4.93

Manufacture of beer 11050 50 3.17 3 2.11

Manufacture of malt 11060 7 0.44 2 1.41

Manufacture of soft drinks; products of mineral waters and other bottled waters 11070 132 8.37 2 1.41

Processing and preserving of potatoes 10310 17 1.08 0 0.00

Manufacture of margarine and similar edible fats 10420 1 0.06 0 0.00

Manufacture of ice cream 10520 59 3.74 0 0.00

Manufacture of macaroni, noodles, couscous and similar farinaceous products 10730 23 1.46 0 0.00

Manufacture of cider and other fruit wines 11030 10 0.63 0 0.00

Manufacture of other non-distilled fermented beverages 11040 11 0.70 0 0.00

Manufacture of tobacco products 12000 6 0.38 0 0.00

Total   1 577 100% 142 100%

Source: compiled by the author based on the data available in the Register of Financial Statements of Slovakia.

Tab. 1. Analysis of information submitted in annual repor by enterprises operating in the food industry
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by a biogas plant. Some enterprises classified in SK 
NACE under 10710 — “Manufacture of bread, manu-
facture of fresh pastry goods and cakes”, generate 
waste from post-harvest processing of crops. The 
choice of materials used in production was empha-
sised by 18 (1.68%) enterprises. Construction of  
a photovoltaic power plant or its implementation in 
next years was disclosed by 16 enterprises. The analy-
sis suggests that socially responsible enterprises are 

Tab. 2. Analysis of information in the environmental category
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Material 18 12.68 124 87.32 142 100.00

Energy 16 11.27 126 88.73 142 100.00

Water 21 14.79 121 85.21 142 100.00

Biodiversity 9 6.34 133 93.66 142 100.00

Emissions 18 12.68 124 87.32 142 100.00

Waste and wastewater 25 17.61 117 82.39 142 100.00

Products and services 26 18.31 116 81.69 142 100.00

Compliance with legislation 1 0.70 141 99.30 142 100.00

Transport 1 0.70 141 99.30 142 100.00

Investments to the environmental protection in total 14 9.86 128 90.14 142 100.00

Environmental evaluation of suppliers 7 4.93 135 95.07 142 100.00

Mechanism of environmental complaints 0 0.00 142 100.00 142 100.00

Source: compiled by the author based on the data available in the Register of Financial Statements of Slovakia.

Tab. 3. Analysis of information in the social category (labour relations and environment)

Category SOCIAL
Labour relations and environment
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Employment 59 41.55 83 58.45 142 100.00

Personnel management 19 13.38 123 86.62 142 100.00

Health and safety 24 16.90 118 83.10 142 100.00

Training and education 21 14.79 121 85.21 142 100.00

Diversity and equal opportunities 3 2.11 139 97.89 142 100.00

Source: compiled by the author based on the data available in the Register of Financial Statements of Slovakia.

not worried about investing resources in new produc-
tion facilities, upgrading of technologies, safety and 
energy savings that have positive environmental 
impacts. Expenses on environmental protection have 
been confirmed by 14 business from among the anal-
ysed enterprises, most of them classified in SK NACE 
under 10510 — “Operation of dairies and cheese mak-
ing”, five of which mentioned their investments having 
an impact on environmental protection (Tab. 2).
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According to G4 (GRI) directive, the social cate-
gory is divided into four main aspects: labour rela-
tions and environment, human rights, society, and 
liability for products. Following this division, the 
qualitative analysis was classified into the following 
four main aspects. Pursuant to G4 (GRI) directive, 
the aspect of employment includes information on 
the number and structure of employees according to 
their age, gender and region, the total number of 
original employees and newly recruited staff or the 
turnover rate. With regard to information for the 
aspect “Employment” specified in Table 3, almost 59 
selected enterprises disclosed this information, repre-
senting the largest share of 41.55%. This information 
was not disclosed by 83 or 58.45% of enterprises. 
Despite the fact that food enterprises train their 
employees in the field of occupational safety and 
health to prevent workplace risks and manage them 
efficiently to minimise possible occupational injuries 
to employees, the level of disclosure in terms of this 
aspect was low since only 16.90% of enterprises pub-
lished safety and occupational safety information. 
Only one food enterprise published information on 
the implementation of OHSAS 18001 — Occupa-
tional Health and Safety Assessment Specification. 
More detailed results of the content analysis in the 
social category of labour relations and environment 
are shown in Tab. 3.

The annual reports of the analysed food enter-
prises did not contain information from the aspect of 
human rights, as this category includes information 

of non-standard nature or is rather unique, for 
example, on banning of discrimination, child labour, 
forced or obligatory labour, freedom of association 
and collective bargaining, which is not considered  
a problematic area in the Slovak Republic. 

The social category of the social environment) 
within the analysed item of local communities 
included information on development programmes 
for local communities based on their needs. The 
essence of such programme is, e.g., the grant project 
Saris to People whose contributions were focused on 
the revitalisation of monuments and other symbols of 
the Presov region. These projects were supported by 
enterprises classified in SK NACE under 10130, 
10610, 10720, 11020, and 11050. More information 
from the content analysis of the annual reports in this 
field is presented in Tab. 4.

Slovak food enterprises should put the quality 
and safety of food in the first place. They often base 
their business policy on food quality and safety. In 
2017, 23 enterprises (16.20%) out of 142 disclosed the 
information regarding their interest in health and 
safety of customers, while 119 enterprises (83.80%) 
did not disclose such information, which is surpris-
ing in this context. In general, information on the 
quality and safety of food was disclosed only by sev-
eral enterprises. Results of the analysis related to 
other important topics within this category can be 
found in Tab. 5.

Reporting is the next step after taking action to 
protect nature and the social aspects of working in 

Category SOCIAL
Social Environment
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Local communities 6 4.23 136 95.77 142 100.00

Corruption 0 0.00 142 100.00 142 100.00

Public policy 4 2.82 138 97.18 142 100.00

Behaviour against competition 0 0.00 142 100.00 142 100.00

Compliance with legislation 0 0.00 142 100.00 142 100.00

Assessment of suppliers from the perspective of impact 
on society 1 0.70 141 99.30 142 100.00

Mechanism for filing of complaints within impact on 
society 0 0.00 142 100.00 142 100.00

Source: compiled by the author based on the data available in the Register of Financial Statements of Slovakia.

Tab. 4. Analysis of information in the social category (social environment)
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society. The research shows that businesses generally 
engage in these activities, but they frequently incor-
rectly classify and report such information to meet 
the needs of all users.

4. Discussion of the results

Long-term research conducted by KPMG, 
including its latest report (KPMG, 2017), confirmed 
that regulations stipulated by governments and stock 
exchanges are the main drivers of environmental, 
social and governance reporting. In various regions 
and countries, reporting still differs significantly. 
Research by Horvath et al. (2017b) identified an 
existing gap between Eastern Europe with a relatively 
low degree of reporting and Western Europe with  
a higher degree of reporting. The Czech Republic and 
the Slovak Republic are countries with a lower rate of 
reporting, which is at the level of the global average 
(Wagner et al., 2018) and which was also confirmed 
by the research. The degree of analysed topics of 
information shared by enterprises in investigated 
annual reports was mostly lower than 20%. 

The amount of research into CSR reporting in 
Central and Eastern Europe is growing. Nevertheless, 
it remains an under-researched area, especially com-
pared to Western Europe. This mostly concerns 
research published exclusively in journals indexed in 
Scopus or the Web of Science databases. The differ-
ences exist also at the level of individual countries 
and industry sectors. In the food industry sector, no 
research is yet available about Slovakia. However, this 
sector generates low research interest in other coun-
tries as well. In this context, the research was aimed at 
analysing the content of CSR reporting in annual 
reports of Slovak food companies. 

Guthrie, Petty, Yongvanich and Ricceri (2004) 
determined that the analysis of annual reports is  
a good indication of the degree of reporting. Gray, 
Kouhy and Lavers (1995) regarded annual reports as 
regularly produced statutory documents of the high-
est importance to users.

In Central and Eastern Europe, only a few up-to-
date English language papers about CSR have been 
published in high-quality journals. In terms of the 
studied countries, none of these papers discussed the 
Slovak Republic or Slovak food companies. Only 
some analyses targeted CSR reporting in the Czech 
Republic, mainly studying corporate websites. Also, 
Tetrevova (2018) concluded that the degree of CSR 
reporting by chemical companies is low.

The results of the published studies are difficult to 
generalise because they applied diverse methods and 
analysed different types of reports (sustainability 
reports, annual reports, website reports, etc.). With 
some simplification, it can be generally summarised 
that most reports concluded that the majority  
of companies in Central and Eastern Europe only 
reported some information concerning CSR topics. 
This conclusion is also confirmed by the results of the 
research in Slovak food enterprises. The research 
results show that environmental and social informa-
tion is scarce, and reporting is mostly unsystematic. 
Habek (2017) reported similar findings from investi-
gating individual sustainability reports prepared in 
accordance with GRI standards in four countries (the 
Czech Republic, Hungary, Poland and Slovakia). He 
concluded that CSR reporting was not widespread in 
these countries. Attempts to measure the sustainabil-
ity of farms were usually based on the indicators of  
a set of sustainability factors. According to the litera-
ture, analyses should (however, frequently do not) 
cover the level as well as the relationship between 

Tab. 5. Analysis of information in the social category

Category SOCIAL
Liability for Products
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Health and safety of customers 23 16.20 119 83.80 142 100.00

Labelling of products and services 17 11.97 125 88.03 142 100.00

Marketing communication 25 17.61 117 82.39 142 100.00

Source: compiled by the author based on the data available in the Register of Financial Statements of Slovakia.
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sustainability factors, because complementary, syner-
gies or competition between sustainability goals can 
be expected (Sulewski et al., 2018). This is also con-
firmed by the results, which suggest that in practice, it 
is difficult to achieve a sustainable development para-
digm in all factors at once, even though it is desirable 
to do so. Today, this is one of the biggest challenges of 
the common food and agricultural policy (Sulewski 
et al., 2018). Thus, the support can be expressed to 
conclusions by Shpak et al. (2018) stating that the 
development of reproducible potential has current 
opportunities and that the level of development of 
achieved potential shows efficient use of social and 
labour resources.

Conclusions

Nowadays, reporting on non-financial informa-
tion by companies is gaining more interest compared 
to the past. Consequently, more attention is given to 
companies reporting this information. This could 
have good marketing effect with an aspect of growing 
business potential. The food industry is no exception, 
and most food enterprises believe that showing inter-
est in society and the environment will produce  
a profit, benefiting the businesses as well as society. To 
better understand the issue, the research focused on 
non-financial reporting activities by enterprises.

Despite its significant position, the food industry 
of the Slovak Republic is currently in decline. The 
Food Industry Development Concept of Slovakia 
aims to ensure the most efficient national food indus-
try. Thus, the food industry must be viewed as a stra-
tegic industry that implements the principles of social 
responsibility in food enterprise strategy and, thereby, 
fulfils the strategic plans of society as a whole.

2017 was the first year when enterprises were 
required to prepare annual reports with non-financial 
information according to the amended Slovak law 
that transposed the European Union requirements. 
Consequently, all the food enterprises operating in 
Slovakia that compiled annual reports for 2017 were 
included in the research. Across the world, reporting 
on non-financial information is regulated by volun-
tary guidelines. 

The paper presents conclusions of content analy-
sis of annual food business reports in the Slovak 
Republic in the context of G4 (GRI) directives from 
social and environmental points of view as key ele-
ments in social responsibility reporting. The research 
covered all food businesses operating in Slovakia that 

prepared an annual report for 2017. The results pres-
ent a current and comprehensive (full) reporting 
overview of this industry in Slovakia and reveal sev-
eral shortcomings in the executive reporting and 
related engineering processes.

The analysis of the content of annual reports 
prepared by food enterprises suggests a rise in the 
interest to submit non-financial information as a part 
of CSR and sustainable management. Nevertheless, it 
is still low compared to other industry segments or 
Western Europe, and it will be important to concen-
trate on the characteristics of information disclosed 
by food enterprises from social, environmental and 
economic points of view.

A contextual analysis of the environmental infor-
mation in the studied annual reports showed that 
food enterprises reported on environmental protec-
tion mainly focusing on topics of waste, product ser-
vices, wastewater, materials and energy, and provided 
information about the ongoing monitoring of the 
environmental impacts of production. 

The G4 (GRI) directive defines four main aspects 
in the social category: (i) labour relations and the 
environment, (ii) human rights, (iii) society, and (iv) 
liability for products. This division was used in the 
research to categorise the content analysis. In annual 
reports, the most frequently disclosed social informa-
tion concerned employment, which covered topics 
about employee numbers and structures according to 
age, gender and region, the total number of original 
employees, newly recruited staff and the turnover 
rate. A contextual analysis of information provided in 
the annual reports showed that 59 or 41.55% of enter-
prises disclosed such employment information. This 
information was not disclosed by 83 enterprises, rep-
resenting 58.45%. Information about employee edu-
cation, including occupational safety and health, was 
disclosed only by a few enterprises, which was not an 
encouraging finding. However, it is highly probable 
that the non-disclosure of this information did not 
mean that those enterprises did not conduct the 
activity.

The particulars of reporting by food enterprises 
relate to compliance with food quality assurance 
standards. Although food quality and safety are of the 
highest priority to food enterprises, most enterprises 
did not disclose such information. 

Reporting is the next step after taking action to 
protect nature and the social aspects of working in 
society. They are primarily prevented from doing so. 
The analysis shows that businesses generally engage 
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in these activities, but the problem is often the correct 
classification and reporting to meet the needs of all 
users. Transparency, as well as faithful and true 
images, are the basic requirements for a well-con-
structed report. However, to achieve this, there must 
be tools and business processes that enable not only 
financial but also non-financial information to be 
collected and processed throughout the reporting 
period and not only at the end (or after). To easily 
prepare a high-quality annual report, is especially 
important to have a good information system tailored 
to information flows, types and forms of information 
as well as selection ports for each reporting area. Sup-
port system for the collection of information is the 
first aspect of reporting processes.

In general, annual reports provide enterprises 
with the communication potential for presenting and 
establishing positive activities in society. In Slovakia, 
this potential has not yet been utilised by food enter-
prises. This paper identified areas, in which reporting 
by food business requires improvement as well as 
important social and environmental topics that are 
important in this respect. The findings show that 
enterprises could benefit from the design and provi-
sion of a tool that would facilitate and consolidate 
non-financial reporting as well as collect, sort and 
disseminate information using information technolo-
gies that communicate with accounting software. 
Information for both financial and non-financial 
reporting should be provided by a single software 
package that would make it easier to refer to and cal-
culate financial indicators related to the social and 
environmental activities of enterprises. At present, 
most managerial software is available for consolidat-
ing different types of information on enterprise 
activities. The software could be updated, providing 
tools for easier and improved financial and non-
financial reporting. The G4 (GRI) could be redesigned 
to structure this type of information and adapt to 
specific conditions of the state, and, eventually, the 
segment. Aiming to improve management reporting, 
it is important and helpful to set up a usable electronic 
form or a standard for easily applicable processes 
required to compile an annual report or a standalone 
sustainability report using the information from the 
managerial information system. This approach would 
ensure easily accessible, comparative and under-
standable information for users. Later, report compi-
lation could become more automated. This future 
vision of high-quality reporting would have a positive 
impact on businesses and society.
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Introduction

The innovativeness of enterprises is considered 
one of the main determinants giving them competi-
tive advantage in an increasingly complex environ-
ment (Romão and Nijkamp, 2019; García-Sánchez et 
al., 2019; Bogers et al., 2018; Nada et al., 2011; Ches-
brough 2003; Chesbrough and Crowther, 2006; 
Gassmann and Enkel, 2004). Possibilities to inter-

nalise required data, knowledge or competencies are 
limited (Michelino et al., 2014); therefore, a specific 
approach to innovation of an enterprise is included in 
its business strategy. Moreover, the turbulent nature 
of the environment means changes in circumstances 
that are favourable to innovation, especially in terms 
of technological innovation, which is now becoming 
greatly dependent on outsourcing and external 
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knowledge. Using the technology and ideas to gener-
ate innovation, enterprises can maximise the effi-
ciency of their innovation processes, which indicates 
the tendency towards the open innovation model. 
The topic is also extensively discussed in the litera-
ture. 

The popularity of the open innovation concept 
around the world (Chesbrough and Crowther, 2006; 
Gassmann and Enkel, 2004; Michelino et al., 2014; 
Cassiman and Valentini 2016; Tafti et al., 2019) gives 
rise to a question regarding the determinants required 
to open the innovation process. Authors focus on the 
strategy of an enterprise aimed to establish whether 
the opening of the innovation processes depends on 
the type of strategy employed by the enterprise. Fur-
thermore, authors considered the age, size and the 
operational range of enterprises to analyse the phe-
nomenon of opening the innovation process. In light 
of such considerations, the paper aims to analyse the 
relationship between different types of corporate 
strategy and open innovation in the contexts of age, 
size and the operational range of enterprises.

1.	Concept of open innovation 
— the theoretical perspective 

The definition of open innovation was proposed 
by Chesbrough and Bogers in 2014 as “a distributed 
innovation process based on purposively managed 
knowledge flows across organisational boundaries.” 
The main objective is to improve the innovativeness 
of an enterprise and to search for outlet markets for 
technologies and ideas, which do not fit in the current 
business concept. In this regard, the concept comes 
down to three basic dimensions (Chesbrough, 2003): 
the inflow of knowledge, the outflow of knowledge 
and the business model. The dispersion of the inno-
vation process through the inflow and outflow of 
knowledge occurs with the use of both monetary and 
non-monetary mechanisms, in accordance with the 
corporate business model. This facilitates collabora-
tion with various external entities and specialists 
(customers, suppliers, R&D units, scientific institu-
tions) in the scope of generating innovation. It means 
that the boundaries of an enterprise become an 
adopted barrier, which facilitates the improvement of 
innovation at virtually any stage of the development 
process. Ideas unused by the enterprise are made 
available on the market free of charge, on the basis of 
licensing or other similar agreements.

The scale of this continuum also includes innova-
tion generated in a traditional manner, through 
closed processes (based on internal corporate R&D 
activities, which are strictly controlled to prevent the 
competitors from gaining an advantage). To save time 
and reduce costs, only the ideas with the greatest 
potential are developed further. This approach 
requires a high level of autonomy, extensive invest-
ment in R&D departments and appropriate proce-
dures to protect the know-how of the company. 

According to the open innovation model, enter-
prises are able to acquire additional sources of income 
by selling ideas with a lower potential for develop-
ment. Moreover, they can broadly access knowledge 
and external experts, which reduces the time required 
to develop innovation. Sharing know-how is the basic 
element which differentiates the two models. In the 
closed model, organisations often conduct long-term 
research on innovation, incurring high costs, with no 
guarantee of success. A return on long-term invest-
ments could be achieved by selling them. However, 
Chesbrough (2003) stressed that the basic factor in 
the development of open innovation was a significant 
increase in the number and level of mobility of 
knowledge workers. This, in turn, makes it more dif-
ficult to control their knowledge and ideas (Ches-
brough, 2003). 

Research on open innovation (e.g. Chesbrough 
and Crowther, 2006; Gassmann and Enkel, 2006) 
shows that enterprises often focus only on one of the 
first two dimensions of this concept, i.e. the inflow or 
outflow of technology, ideas and knowledge. In addi-
tion, each of the streams is used with a varying degree 
of openness (Cheng et al., 2014). To a great extent, 
this approach depends on the age of a company and 
the sector, in which it operates. Mature businesses 
and those operating in low-tech sectors mainly focus 
on sharing their knowledge and ideas, and only sec-
ondly on acquiring knowledge from the market. 
Whereas organisations linked to high-tech sectors are 
much more dedicated to gaining external knowledge 
than making it available to others (Gassmann and 
Enkel, 2006). 

2.	Measurement of the open-
ness of innovation processes

The opening of innovation processes is related to 
the ability of an enterprise to absorb knowledge from 
its surroundings. However, the ability to absorb 
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knowledge can become an obstacle to seeking and 
acquiring knowledge (Cohen-Levinthal, 1990; Faludi, 
2014; Matricano et al., 2019). Large businesses have  
a better knowledge-absorption ability and often  
a lower demand for external sources, and it is the 
other way around for smaller enterprises (i.e. higher 
demand for external knowledge, but a much poorer 
absorption ability; Barge-Gil, 2010; Faludi, 2014; 
Matricano et al., 2019). The levels of “openness” of 
innovation processes in an enterprise are presented in 
Tab. 1. 

Generally, enterprises can be divided into closed 
and open innovators. Unlike open businesses, closed 
enterprises do not share their knowledge-based 
resources nor ideas developed by internal R&D 
departments in the outlet market. Rather often, they 
also do not seek such knowledge from their sur-
roundings; therefore, the main source of innovation 
for them remains the internally developed knowl-
edge. Whereas in enterprises dedicated to open 
innovations, external knowledge is often more 
important than internal knowledge. Such enterprises 
share their resources with other entities and freely use 
ideas and sources of inspiration for innovation. 
Whereas hybrid enterprises are those that consider 
external knowledge complementary to internal 
knowledge. 

The literature specifies no uniform method for 
measuring the openness of enterprises in terms of 
innovation (Bianchi et al., 2011; Michelino et al., 
2014). Moreover, multiple studies in this field often 
present contradictory results. 

The size of an enterprise, as the determinant 
influencing its effective use of open innovations, is 
considered in many studies (Laursen and Salter, 2006; 
Keupp and Gassmann, 2009; Michelino et al., 2014; 
Schroll and Mild, 2011). The publications by Ches-
brough (2003) and Chesbrough and Crowther (2006) 
indicate that openness to innovation is mainly char-
acteristic for large enterprises from high-tech sectors. 
This view was also shared by Bianchi (2011), who 
claimed that large enterprises implemented this con-

cept on average 1.5 times more frequently than SMEs. 
Furthermore, Sandulli (2012) pointed out that larger 
enterprises were often more willing to collaborate 
with others in the scope of innovation compared to 
smaller businesses. However, a contradictory view 
was presented by Barge-Gil (2010), who believed that 
open innovators were enterprises whose employment 
rates were lower than for hybrid innovators. A lack of 
a correlation between the size of the business and the 
level of openness of its innovation processes was 
stressed by Podmetina et al. (2011). Christensen et al. 
(2005) observed that apart from the size of an enter-
prise, a major determinant was the phase in the life 
cycle of the used technology and the sector of busi-
ness operation. 

Another factor often referred to in studies, which 
influences the openness of businesses in terms of 
innovation, is their age (Teirlinck and Poelmans, 
2012; Michelino et al., 2014; Acha, 2006). Teirlinck 
and Poelmans (2012) and Acha (2006) claimed that 
the differences in the relationship between age and 
openness of innovation processes arise from the sec-
tor in which the enterprise operates. No correlation 
between the age and openness of business innovation 
processes was reported by Keupp and Gassmann 
(2009) and Schroll and Mild (2011). 

The operational range of enterprises was also 
analysed in terms of innovation (Meyer-Krahmer 
and Gundrum, 1995; Nowakowska, 2011; Stenberg 
and Arndt, 2015). The market opportunities of enter-
prises and the development opportunities of regions 
increasingly depend on their capacity to continuously 
generate innovative products and processes. The 
innovation environment will have a positive impact 
on enterprises operating in it. Therefore, enterprises 
operating locally or regionally may open innovation 
processes through participation in innovation net-
works or clusters (Meyer-Krahmer and Gundrum, 
1995; Nowakowska, 2011). On the other hand, enter-
prises operating at national and international level 
have even wider access to sources of innovation, 
among other things due to the opportunity to coop-

Tab. 1. Openness of business innovation processes 

Type of innovation Sources of knowledge

Closed innovators: enterprises with innovations developed mainly through their 
own efforts (they have neither cooperated nor bought external R&D)

Internal knowledge is the most important 
source

Hybrid innovators: enterprises with innovations developed mainly through re-
search and development activities, but having cooperated or bought external R&D

Both internal and external knowledge is just as 
important

Open innovators: enterprises with innovations developed mainly through coopera-
tion with other entities or by other entities

At least one external source is more important 
than internal knowledge

Source: (Barge-Gil, 2010).
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erate with entities in countries with the highest level 
of innovation (Niedzielski and Rychlik, 2007).

3.	Enterprise strategy  
and open innovation

The effective opening of business innovation 
processes requires an innovative approach to be 
included in the overall business strategy. This helps to 
create an organisational culture, which is open to 
generating innovation and providing clear guidelines 
necessary to fulfil strategic objectives (Nada et al., 
2011). An innovative approach embedded in the 
strategy of an enterprise should allow it to (Nada et 
al., 2011): 
•	 establish the strategic arena for innovation;
•	 determine the objectives and expectations for the 

results of innovation;
•	 determine the desired level of innovativeness;
•	 manage risk associated with innovation;
•	 allocate appropriate staff and financial outlays. 

Activities in the scope of opening the innovation 
processes constitute a part of the overall business 
strategy, as they determine the future, survival and 
development of the enterprise, especially in the con-
text of the unstable and turbulent nature of its sur-
roundings. Therefore, modern management should 
be focused on the provision of the capital, infrastruc-
ture and human resources necessary to support busi-
ness innovation processes (Nada et al., 2011). 

The concept of open innovation assumes the 
ability of an enterprise to continuously seek competi-
tive advantage by making use of the opportunities 
and threats in its surroundings. Therefore, formal 
boundaries of an enterprise constitute an adopted 
barrier to the flow of information, ideas and technolo-
gies (Tylżanowski, 2015). These are the strategies 
formulated on the level of a business unit and allow 
enterprises to gain and maintain a competitive 
advantage in their sector (Crema et al., 2014). 

According to Porter (1985), an enterprise can 
employ three strategies to allow it to gain competitive 
advantage: cost leadership, differentiation and focus. 
However, the focus strategy refers to costs or differen-
tiation within a given sector of the industry (Porter, 
1985); therefore, it is not discussed in this article. 
Moreover, Porter (1985) talked about the necessity to 
develop a horizontal strategy that connected the 
actions of business units to facilitate the efficient use 
of its internal links (the flow of know-how, joint 

investments, independent decision-making of the 
units; Porter, 1985). The horizontal strategy includes 
the diversification of the enterprise’s operation.

The cost leadership strategy involves establishing 
business costs at a slightly lower level compared to 
that of sector competitors. A significant advantage in 
this regard is often achieved by using economies of 
scale, serving several market sectors, utilising mod-
ern and innovative technologies as well as cheaper 
access to resources (Porter, 1985). The impact of open 
innovation on the costs incurred by enterprises has 
not been clearly determined. Razak et al. (2014) 
stressed that the opening of business innovation pro-
cesses enables enterprises to achieve economic bene-
fits related to the reduction of their total costs and 
increase the market appeal of their products (Razak 
et al., 2014). Moreover, the implementation of the 
concept of open innovation contributes to the reduc-
tion of R&D costs incurred by the enterprise (Ades et 
al., 2013). On the other hand, it may result in 
increased costs related to the management of complex 
external relations (Michelino et al., 2014). This view 
was also shared by Laursen and Salter (2006), who 
observed that seeking and verifying relevant external 
knowledge may be cost-, labour- and time-intensive. 
Whereas Chesbrough and Crowther believed that 
enterprises that focused on the fast development of 
products treated costs as a secondary issue. 

On the basis of literature findings, the following 
hypothesis was established:
H1 — The more a strategy is concentrated on cost 
leadership, the more open is the innovation process. 

The strategy based on differentiation enables 
enterprises to offer products considered unique by 
the recipients at a higher price (Porter, 1985). Follow-
ing the same reasoning, it can be assumed that enter-
prises implement this strategy through the use of 
innovation (Crema et al., 2014). In Published open 
innovation studies make references to the effect of 
this concept on the ability of enterprises to generate 
radical and incremental innovation. Studies by Ches-
brough and Crowther indicate that by opening their 
innovation processes, enterprises are able to monitor 
the market in search of breakthrough technologies, 
which may pose a threat. Moreover, many researchers 
(Huizing, 2011; Pariada et al., 2012; Gassmann, 2006; 
Cheng, 2016; van de Vrande et al., 2011) believe that 
the concept of open innovation is favourable to the 
development of radical innovations. This is because 
opening business innovation processes to knowledge, 
technologies and ideas facilitates radical development 
of innovation (Gassmann, 2006; Parida et al., 2012; 
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Cheng, 2016). Knowledge-sharing positively impacts 
on the organisational learning processes as well as 
knowledge updating and stimulates new ideas (van 
de Vrande et al., 2011; Cheng, 2016). Laursen and 
Salter (2006) believed that enterprises which devel-
oped radical innovations required significant invest-
ment outlays for their research and development 
activities, but their chances of success were slim. 
Incremental innovation requires less effort; however, 
its impact on efficiency is also smaller. 

On the basis of literature findings, the following 
hypothesis was established:
H2 — The more a strategy is concentrated on differ-
entiation, the more open is the innovation process. 

The diversification strategy assumes gaining 
competitive advantage by expanding the activity to  
a new market sector or area of production (Crema et 
al., 2014). Analysing the impact of diversification on 
open innovation is not an easy task due to the multi-
tude of its forms. Crema et al. (2014) believed that  
a product diversification strategy influenced the level 
of openness of business innovation processes (Crema 
et al., 2014). This belief was also shared by Lichten-
thaler (2008), who stressed that enterprises with  
a varied technological portfolio purchased external 
technologies more frequently than enterprises spe-
cialising in one type of technology.

On the basis of literature findings, the following 
hypothesis was established:
H3 — The more a strategy is concentrated on diversi-
fication, the more open is the innovation process. 

The decision whether an enterprise should gen-
erate innovation solely through its internal R&D 
departments or through collaboration with external 
partners depends on its skills and abilities, and the 
desire to control innovation processes (Crema et al., 
2014). 

As mentioned before, to generate innovation, 
modern enterprises usually focus on both (the tradi-
tional — closed and open) models. It is because an 
extreme desire to generate only one of those types of 
innovation can have negative effects on the strategy 
implemented by the enterprise (Ades et al., 2013). 
This view is shared by Crema et al. (2014) who 
believed that excessive opening of innovation pro-
cesses might have a negative influence on the long-
term success of innovations due to the loss of control 
and native competences. Whereas completely closed 
innovation processes may increase the time required 
to bring innovations to the market and create a desire 
to extend their life cycles. This necessitates enterprises 
to establish the openness of their innovation pro-

cesses at such a level as to enable them to develop 
their products quickly, to build key competences and 
to ensure the protection of their intellectual property 
(Gassmann et al., 2010). 

4.	Research methodology

Based on the literature, the authors of the paper 
established the following research objectives:
•	 to analyse the scale of the phenomenon related to 

the adoption of the open innovation model in 
enterprises considering their age and size;

•	 to determine the type of strategy conducive to 
the implementation of open innovation activities 
in the surveyed enterprises. 
The research targeted companies in Poland that 

were surveyed from January to April, using tradi-
tional and electronic forms of a questionnaire. The 
questionnaire was developed based on a 5-point Lik-
ert scale. The level of “openness” of innovation pro-
cesses in an enterprise was determined according to  
a 3-point scale used in Barge-Gil (2010) and Celadon 
(2014) studies, namely, a closed innovator, a hybrid or 
semi-open innovator, and an open innovator. The 
strategy implemented by the enterprise was classed 
into main three types, used to achieve a competitive 
advantage, i.e. cost leadership, differentiation or 
diversification (Porter, 1985; Crema et al., 2014). 

The study examined 100 randomly selected 
enterprises of various sizes, operating in different 
business sectors. The selection was made from the 
mailing list available from the Eniro online database 
of 3,000,000 entities. The questionnaire consisted of 
three parts, plus the section regarding respondent 
particulars. 

The degree of application of the open innovation 
model was determined by two factors — streams of 
“input” and “output” of knowledge, ideas and innova-
tions in enterprises, which were analysed using spe-
cific parts of the questionnaire. The first part of the 
questionnaire determined the input factor and 
referred to the inflow/acquisition of knowledge from 
the external market and long-term plans of enter-
prises in terms of obtaining external knowledge. It 
covered six research areas, 24 components in total. 
The analysis included sources of external knowledge 
acquisition by the enterprises. The focus was on enti-
ties from the micro-environment of the enterprise 
(competitors, suppliers, customers, various enter-
prises from the industry and outside the industry as 
well as R&D units). Acquisition of knowledge through 
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participation in fairs, exhibitions, training and the 
purchase of licenses was also included.

The second part of the survey was dedicated to 
the output factor and included questions related to 
the outflow/sale of knowledge unused by the enter-
prises. This factor considered two aspects — the paid 
transfer of knowledge and knowledge-sharing in 
cooperation with external entities. Here, the focus 
was also on entities from the micro-environment. 
Also, entities from the international environment of 
the surveyed enterprises were considered when ana-
lysing the “input” and “output” factors of knowledge. 
The dependent variable was defined as open innova-
tion, considering the “input” and “output” factors. 
Independent variables were age (length of operation 
on the market) and size (determined by the number 
of employees) as well as the extent of enterprise 
operation (from local to international). Individual 
strategies, i.e. cost leadership, differentiation and 
diversification, constituted an independent variable 
as well. However, the assessment of the type of strat-
egy used by the surveyed entities was left to the 
respondents.

Statistical analysis of data was performed using 
IBM SPSS Statistics software, ver. 20. The results of 
Cronbach’s α coefficient measurements indicate 
rather high internal consistency of the scale and reli-
ability of the measurement of particular variables 
(between 0.799 – 0.955).

Next, linear regression and correlation analyses 
were carried out. Due to the size of the test sample, 
the results of the study should be treated as a pilot 
study. The level of openness of business innovation 
processes and the strategy implemented were mea-
sured on the basis of subjective opinions of employ-
ees. The randomness and representativeness of the 
sample were verified with the use of the χ2 test (sig-
nificance p<0.05 for size, age and the operational 
range distribution of enterprises with open innova-
tions and p<0.001 for the distribution of selected 
strategies with open innovations). 

5.	Study results

The survey was intended for all organisations 
regardless of their size, activity profile or affiliation to 
a branch of the economy. As a result, 118 respondents 
were obtained, and 18 were removed due to irregu-
larities. The respective data is present in Figures 1, 2 
and 3. 

The conducted study shows that 16% of enter-
prises from the test sample are open innovators. More 
than half of the enterprises surveyed can be classed as 
hybrid innovators (55%), which base their innovation 
on both external and internal knowledge. Whereas as 
many as 29% are closed innovators that generate 
innovation independently. The operational range of 
the surveyed enterprises was primarily national (39% 
responses) and international (40%).

First, the correlation analysis was performed 
examining the impact of independent variables — the 
size, age and the operational range — and three types 
of strategy on the dependent variable — the level of 
openness of innovation processes. Results showed  
a statistically significant (0.001) correlation between 
open innovation and the size (0.437), age (0.317) and 
the operational range (0.309) of enterprises. Interest-
ing results were found in the case of strategy types: 
only cost leadership had a positive correlation with 
the open innovation process, while the other two 
types were negative. All correlations were statistically 
significant, but only cost leadership and differentia-
tion had high scores (0.560 for cost leadership; and 
-0.571 for differentiation), while the strategy of 
diversification had a low score (-0.12).

The regression analysis was performed as a main 
statistical analysis. Coefficients are presented in  
Tab. 2.

Six verified variables were responsible for almost 
16% of dependent variable variations, which means 
that strategy and control variables (the size, age and 
the operational range) determine only 15.9% of the 
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tendency to open innovation processes. The value of 
F statistics for the model equals F(1.98) = 15.909; 
p<0.0001. Moreover, the study shows that small 
enterprises have a higher tendency to open their 
processes to innovation (average 3.00 out of 5 points) 
than large enterprises (average 2.35 out of 5 points). 
As results suggest, only the operational range and the 
strategy of differentiation are significant. 

Conclusions

Literature still lacks research on open innovation 
regarding the relationship between the strategy fol-
lowed by enterprises and the possibility of imple-
menting open innovation activities. The concept 
itself, despite the high popularity globally, is still rela-
tively unknown in Poland; thus, only a small number 
of organisations apply the concept to its fullest extent. 
Only 16% of the surveyed enterprises were open 
innovators, whereas more than half were classed as 
hybrid innovators. The existing knowledge gap neces-
sitates the analysis of the concept of open innovation 
in the context of enterprise strategy.

Opening innovative processes to external knowl-
edge is associated with many aspects of the function-
ing of enterprises in the environment, including 
finding the right knowledge or partner for exchange, 
securing know-how against the leakage during the 
cooperation or the possibility of knowledge absorp-
tion. The absorption ability grows with the size of an 
enterprise. However, open innovations can also bring 
many benefits to small enterprises (reducing R&D 
costs, modernising production processes, reducing 
the risk of implementing innovations). Research 
shows that the size and age of enterprises has an 
impact on their tendency to use open innovation. 
From among the respondents, 48% were small and 
micro enterprises, of which 1/3 were open innova-

tors. In terms of the entire test sample, open innova-
tors were enterprises present on the market for less 
than ten years. In addition, the analysed enterprises 
were more willing to absorb knowledge and ideas 
from external sources than to share their knowledge 
with other entities in their surroundings. The average 
value established for the inflow of knowledge to 
studied enterprises was 3.0 out of 5.0 points, whereas 
for the outflow of knowledge — 2.5 points. Aiming to 
validate the findings, research should be carried out 
on the revenue and costs related to the inflow and 
outflow of knowledge in enterprises. 

The study showed that the type of strategy 
employed by enterprise influences the level of open-
ness of its innovation processes. Based on the correla-
tion analysis, hypotheses H1, H2 and H3 hypotheses 
regarding the relationship between the cost leader-
ship strategy, differentiation strategy, diversification 
and open innovation could not be rejected. Based on 
the regression analysis, only the hypothesis H2 could 
not be rejected.

Strategies of differentiation or qualitative leader-
ship enable enterprises to diversify a product by 
improving its quality, modifying its appearance or 
use. It is extremely difficult to maintain the unique-
ness and originality of the product in the era of rapidly 
changing market and customer expectations (espe-
cially for smaller enterprises). One of the ways to 
keep up with the market is to open innovation pro-
cesses to external knowledge. Opening innovative 
processes can bring small and micro organisations 
many unique benefits, e.g. reducing the risk and costs 
arising from the implementation of innovative ideas, 
knowledge acquisition from the best specialists in the 
industry and implementing large projects in coopera-
tion with R&D institutions. However, research has 
shown a negative correlation between a differentia-
tion strategy and the opening of innovation processes 
by enterprises. This may be due to the fact that 

Tab. 2. Coefficients of the Anova regression analysis (with Open_Innovation as dependent variable)

Model

B

Non-standardised coefficient
Standardised 

coefficient t Significance

standard error Beta

1

(Constant) 2.819 1.304 2.161 0.033

Size 0.099 0.056 0.162 1.766 0.081

Age 0.084 0.058 0.137 1.459 0.148

Operational range 0.134 0.060 0.178 2.239 0.028

Cost leadership 0.238 0.265 0.169 0.899 0.371

Differentiation -0.656 0.278 -0.431 -2.357 0.021

Diversification -0.174 0.262 -0.120 -0.665 0.508
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enterprises using the product differentiation strategy 
focus primarily on innovations developed by their 
own R&D departments. The ability to maintain the 
uniqueness of the offer and customer loyalty is con-
nected with the need to protect the knowledge and 
technology of an enterprise from competitors. Strong 
protection of know-how and control of own innova-
tion processes is the domain of innovations under-
stood traditionally (closed innovations).

Cost leadership strategy enables production at  
a lower cost compared to the competition while 
maintaining the quality. This is possible because of 
experience. Cost leadership is, therefore, possible 
mainly when enterprises are efficiently managed 
(which allows to avoid waste and reduce costs with 
increasing volume) and have a sufficiently large mar-
ket share. The reduction of production costs is often 
associated with the implementation of technological 
or organisational innovations. Such enterprises pri-
marily focus on developing internal knowledge and 
R&D departments with the help of external entities. 
The strategy of cost leadership is chosen by large 
enterprises, which, as previously noted, have greater 
opportunities to absorb technology and external 
knowledge. Establishing a new partnership to 
exchange knowledge and technology can reduce the 
risk, time and cost of developing and implementing 
innovations. In addition, following the market in 
terms of technology helps to find new development 
opportunities.

The study also considered the strategy of diversi-
fication; however, no linear relationship was observed 
between the variables. This result is surprising 
because the diversification strategy enables the enter-
prise to enter new areas of activity thanks to its own 
resources or the acquisition of external resources. 
Therefore, it seems that this strategy should be most 
closely linked to open innovations. The existing 
research efforts do not provide a clear answer on how 
to link diversification strategies with open innova-
tions (or with innovations in general; e.g. Orlando  
et al., 2017). Some scholars even argue that diversifi-
cation and innovation are almost in opposition 
(Palepu 1986; Hoskisson et al., 1993 for Orlando et 
al., 2017). This aspect definitely requires further 
research.

Limitations of the presented research were 
mainly the size of the test sample and difficulties with 
reaching respondents having the appropriate knowl-
edge and position. Moreover, the superficiality of the 
questionnaire prevented a deeper analysis of the 
complex processes related to the generation of inno-

vation. Research on the subject should be extended 
through interviews.

In the future, studies on the intent of businesses 
to use open innovations should also include three 
additional aspects proposed by Acha (2006): 
•	 Breadth expressed as the number of sources used;
•	 Depth of cooperation;
•	 Cooperation patterns (models).

In addition, issues related to the inflow and out-
flow of knowledge should be analysed by examining 
the expenditure on such activities. In contrast, the 
strategy itself should be explored through the perfor-
mance of the enterprise and its relationship with the 
environment.
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A B S T R A C T
Purpose. This article mainly aims to verify the role of IT reliability as the factor 
potentially strengthening the CRM influence on organisational performance and 
conclude whether the IT reliability is indeed an important factor shaping the CRM 
ability to generate value for an organisation. Methodology. The empirical research was 
conducted to verify the existence of such a relation. The research was carried out 
based on the survey performed among organisations, and the sample included 558 
entities from Poland and 564 from Switzerland. The statistical analysis of the obtained 
results was carried out using regression analysis with the moderator. Results. The 
obtained models clearly show that IT reliability is a moderator of the relation between 
CRM time-of-use and the organisational performance. The theoretical contribution. 
The obtained results clearly confirm that the existing IT solutions should support CRM, 
and with such support, this management method is positively influencing the 
organisational performance. Such a conclusion seems to be an important contribution 
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Introduction

Conditions of the contemporary market economy, 
i.e. the high variability of an organisation’s environ-
ment, the progressing globalisation in the trade field as 
well as the intensification of competition require 
organisations to create strong and long-term consumer 
relations (Tsou and Huang, 2018; Dubey and Sangle, 
2019; Santouridis and Tsachtani, 2015). It seems that 

the best response to this challenge is the concept of 
Customer Relationship Management (CRM), which 
began in the 1990s (Ngai, 2005) and became an impor-
tant tool in the area of marketing management in the 
last two decades (Waseem, 2019). Within those frames, 
organisations transferred their interest from products 
or services to the customer, i.e. the centric approach 
(Santouridis and Tsachtani, 2015).
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Usually, CRM is perceived as a combination of 
people, processes and technology that seeks to under-
stand a company’s customers (Chen and Popovich, 
2003; Dwiastuti et al., 2018) in general and has  
a special emphasis on key customers (Akroush et al., 
2011). It can be analysed from two perspectives: 
strategic and technological (Santouridis and 
Tsachtani, 2015). The literature suggests approaches 
focused either on the consumer and the strategic 
relationship management (Light, 2001) or on the 
technology (Peppard, 2000). Nowadays, it seems that 
those aspects should be perceived together as a com-
plex combination of business and technological fac-
tors building the CRM as management methods used 
in an organisation in a broader sense of organisational 
strategy (Keramati et al., 2010; Bull, 2003; Chen and 
Popovich, 2003).

There is no doubt that properly implemented 
CRM might bring a lot of benefits both from the 
point of view of the client and the organisation, such 
as customer acquisition, customer retention, financial 
benefits, customer loyalty, cross-selling, customer 
profitability, value creation for the customer, cus-
tomisation of products and services (Sivaraks et al., 
2011; Kim and Kim, 2009; Richards and Jones, 2008; 
Kim et at., 2003). However, despite its popularity, the 
CRM concept has been repeatedly criticised for 
unsatisfactory results that organisations achieve 
(Richards and Jones, 2008; Bull, 2003). Therefore, it 
seems reasonable to research the effects of the CRM 
on organisational performance, using a new approach 
that considers the role of IT reliability.

However, it seems that a solid relationship exists 
between the implementation of the CRM manage-
ment method and the use of IT solutions supporting 
this method. Clearly, the ability of CRM to influence 
the organisational performance should not be per-
ceived as only related to the implementation of IT 
solution support as this approach seems inadequate 
(Chen and Popovich, 2003). IT solutions may be very 
useful in the support and integration of processes that 
provide customer satisfaction (Ngai, 2005; Ryals and 
Payne, 2001), with a broader view on organisation 
(Akroush et al., 2011). However, the outcome seems 
only possible if the IT solutions used for CRM sup-
port are reliable. Therefore, this article mainly focuses 
on verifying the role of IT reliability as the factor 
potentially strengthening the CRM influence on the 
organisational performance. The theoretical back-
ground is presented in the first part of the article. The 
second part continues the topic and connects it to the 
development of hypotheses, further describing 

research methods. The third part presents results of 
the empirical research, conducted to verify the exis-
tence of the assumed relation. Finally, the conclusions 
confirm that IT reliability is indeed an important 
factor shaping the ability of CRM to generate value 
for an organisation. 

1. Literature review

1.1. Role of IT in supporting modern 
management methods — IT reliability

Various management methods differ depending 
on their need for IT support in the phase of imple-
mentation and operation in an organisation (Rose-
mann and Brocke, 2015; Al-Mashari et al., 2003; Ngai 
et al., 2009; Wan, 2009; Lira et al., 2012; Tworek, 
2019). Different management methods demonstrate 
different sensitivity to IT support and a different level 
of standardisation and alignment of existing IT solu-
tions available for every organisation to choose from 
and implement. Moreover, it is crucial to underline 
that with changes in the internal and external condi-
tions of the organisation’s functioning (changes in 
size or configuration of the organisation, information 
technology development, emergence of new markets 
etc.), existing IT aimed at supporting various man-
agement methods must be improved and transformed 
to ensure the continued alignment between IT solu-
tions and current needs, otherwise they will lose the 
ability to perform the functions for which they were 
created, and the organisation will cease to benefit 
from the implementation of those management 
methods (Tworek, 2019). 

Since the relevance and the need for the use of IT 
in an organisation seems to finally be indisputable, 
there is a need for the analysis and evaluation of its 
use in organisations. The concept of 3R (reliability, 
resilience and robustness) emerged in the literature  
a few years ago (Little, 2003). It underlines that the 
key factor influencing the ability to profit from the 
use of IT is its appropriate functioning in the organ-
isation (Tworek, 2018a). 

The reliability of IT in an organisation is under-
stood as a measurable property of IT, useful for its 
control and management, identifying its quality level 
and indicating potential problems (Zahedi, 1987). It 
is directly linked to the efficiency of IT components, 
especially those critical to its proper operations. The 
reliability of IT in an organisation is a notion build by 
factors connected to 3 different IT theories: the suc-
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cess model by DeLone and McLean (2003), four types 
of IS failure by Lyytinen (1987), and the TAM model 
by Davis (1985). Based on that, the model of IT reli-
ability in an organisation has been developed by 
Tworek (2016, 2018a) and verifi ed in various business 
contexts (Tworek 2018a, 2018b, 2019). It consists of 
three factors: the reliability of the information 
included in IT in the organisation, the reliability of 
support services off ered for IS in the organisation, 
and the reliability of the system itself (including the 
usability of the system). Each factor consists of 
a series of items, listed in Fig. 1. 

Bieńkowska et al. (2018) performed a prelimi-
nary study concerning the infl uence of IT reliability 
(measured using an IT reliability framework) on 
results of controlling, and Tworek and Zabłocka-
Kluczka (2018) did the same for Business Continuity 
Management. Both cases revealed the existence of 

a strong possibility that IT reliability could have 
a signifi cant infl uence on other management meth-
ods as well and simultaneously verifi ed the use of the 
IT reliability framework for this type of analysis of IT 
solutions in an organisation. 

Requirements of CRM implementation and 
operation in an organisation evolve in time. Also, 
they require changes in the area of IT solutions that 
support CRM. IT reliability might be perceived by the 
users of the CRM system (employees of the organisa-
tion). Th e perception of IT reliability by the user may 
be subjective due to individual experience with the 
system and the degree of matching the system to the 
tasks to be supported (Bieńkowska et al., 2019). 
Despite this subjectivity, it can be assumed that the 
long-term use of the CRM system can have a positive 
relationship with IT reliability as, over time, the CRM 
concept evolves to meet the needs of a specifi c organ-

  Fig. 1. Verified IT reliability model
  Source: (Tworek, 2019).

   Fig. 2. Developed hypotheses

  Fig. 1. Verifi ed IT reliability model 
  Source: (Tworek, 2019).
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isation. The detailed theoretical considerations con-
cerning this subject aimed at hypothesis development 
are presented next.

2. Research methodology 

2.1. CRM and IT reliability — the devel-
opment of hypotheses 

Without a doubt, IT solutions existing in the 
organisation should be aimed at supporting CRM, 
and without them, it is impossible to efficiently use 
this management method (Ngai et al., 2009; Payne 
and Frow, 2005). This notation CRM is also com-
monly used in IT development to describe IT solu-
tions dedicated to the support of this method (Payne 
and Frow, 2005). Hence, there are standardised and 
well-known IT solutions aligned with the needs of 
CRM available for every organisation to make  
a choice. However, each organisation is different, and 
employee requirements in the case of IT solution 
support for their activities concerning CRM also 
differ. Therefore, in time, the IT solutions should 
become more and more aligned with those require-
ments due to continuous changes and improvements 
implemented to facilitate specific requirements of an 
organisation. As stated by Tworek (2019), alignment 
is directly linked to IT reliability. The more aligned 
are the solutions with actual needs, the higher is the 
IT reliability (which may be considered an indicator 
of the alignment maturity). Therefore, it seems that 
IT reliability might be correlated with CRM time-of-
use. A higher IT reliability, indicating a higher align-
ment (which can be obtained only in time), should 
cooccur with a longer period of the CRM use. Based 
on that reasoning, the following hypothesis was for-
mulated: H1: There is a positive relationship between 
IT reliability (and all of its components) and the 
CRM-time of-use.

Existing studies concerning CRM and organisa-
tional performance capture various issues, but the 
results are not conclusive (Keramati et al., 2010). For 
instance, the studies by Soltani et al. (2018) indicate  
a positive correlation between the success of CRM 
and organisational performance, indicating factors 
that impact on the success of CRM: customer orien-
tation, organisation’s capability, information tech-
nology, and customer knowledge management. In 
turn, studies by Josiassen et al. (2014) showed that 
CRM affects organisational performance but not in 

all dimensions. However, Bull’s (2003) research 
showed that only in the case of 30 percent of organ-
isations that implemented the CRM concept, it had a 
positive impact on their organisational performance 
(Bull, 2003). These inconsistencies indicate the 
necessity to indicate factors that can affect organisa-
tional performance (Chang et al., 2010). Therefore, 
considering the previously discussed aspects, it 
seems important to examine the relationship 
between the CRM time-of-use and the organisational 
performance in the light of IT reliability as factors 
potentially enabling and strengthening this relation-
ship. IT reliability may assume the role of a modera-
tor between the CRM time-of-use and the 
organisational performance. That is mainly because 
the alignment between business requirements (and 
employee requirements in the case of IT solution 
support) has an indirect influence on the organisa-
tional performance through the positive impact on 
the quality of any management method, which is 
highly sensitive for IT solution support (Tworek, 
2019). CRM is definitely a highly sensitive method. 
Therefore, it seems that the alignment obtained in 
time (with the increase in the CRM time-of-use) 
may be a source of strengthening the influence of the 
CRM time-of-use on the organisational performance 
due to the increase of the CRM quality (and its more 
efficient use in the organisation due to greater IT 
reliability). Moreover, according to Park and Kim 
(2003), the role of information reliability seems to be 
of particular importance. They linked CRM with 
information strategy of the organisation, stating that 
there are three types of information: generated of‐
the‐customer, for‐the‐customer, and by‐the‐cus-
tomer. The reliability of all these types is not only a 
prerequisite for the efficient use of CRM but also 
seems to be an enabler for generating the value for 
the organisation from using this management 
method and translating it into improved organisa-
tional performance. This view is also supported by 
other researchers, e.g., Liao et al. (2010) underlining 
the role of information trust, or Liu et al. (2006) 
expressing the need for information quality boost for 
CRM. Therefore, the additional hypothesis should be 
formulated: H2: CRM time-of-use has a positive 
influence on organisational performance.

And, what’s more important: H2a: The higher IT 
reliability, the stronger the influence of the CRM 
time-of-use on organisational performance.

In light of the above, the following research 
hypotheses can be formulated (Fig. 2).
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2.2. Research method and sample

Th e survey was conducted to verify the proposed 
hypotheses and identify the level of IT reliability, the 
CRM time-of-use and organisational performance in 
two business contexts. Th e main survey was preceded 
by the pilot survey conducted in early 2018 in a group 
of 50 organisations to explain the issues concerning 
the ambiguity of several questions. According to 
obtained results, the ambiguous questions were 
rewritten to obtain more informed responses from 
organisations participating in the main survey. Th e 
main research was conducted as a part of the research 
project “Th e IT reliability infl uence on the quality of 
management methods and techniques” No. 
2017/01/X/HS4/01967 funded by the National Sci-
ence Centre in Poland. Th e main survey was con-
ducted in March 2018, with organisations located in 
Poland and Switzerland, which was the only condi-
tion limiting the sample (organisations were surveyed 
regardless of their size, industry or a type of business 
etc.), using online survey service: SurveyMonkey. 
Only one survey was carried out anonymously in one 
organisation, and it was completed by employees who 
had a broad view of the entire organisation. 

Th e research sample contains organisations 
operating in Poland and Switzerland. 558 valid 
responses were collected from Poland, and 564 valid 
responses were collected from Switzerland. Th e sam-
ple cannot be considered representative since the 
population of organisations operating in those two 
countries was fi nite but very large, and the method of 
including an organisation in the sample did not sup-
port its representativeness. However, it is suffi  ciently 
diversifi ed to be a basis for overall conclusions con-
cerning the topic. Sample characteristics are pre-
sented in Tab. 1; the sample covers organisations of all 
sizes and types.

2.3. Measurement of variables 

To examine the proposed hypotheses, key vari-
ables were defi ned: IT reliability, the CRM time-of-
use and organisational performance. Respondents 
evaluated all variables basing on the list of factors and 
using the Likert scale (for IT reliability, the scale from 
“very poor” to “very good” with the middle point 
“fair”; for other variables, the scale from “I strongly 
agree” to “I strongly disagree” with the middle point 
“I do not have an opinion”). 

  Fig. 1. Verified IT reliability model
  Source: (Tworek, 2019).

   Fig. 2. Developed hypotheses
Fig. 2. Developed hypotheses

Tab. 1. Research sample characteristi cs

Organisation’s si�e Manufacturing 
organisations

Service 
organisations

Trade 
organisations Total

Micro (below 10 people) 130 64 27 221

Small (11-50 people) 87 144 43 274

Medium (51-250 people) 63 112 73 248

Large (above 250 people) 120 184 75 379

Total 400 504 218 1122
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IT reliability was measured considering all IT 
solutions used in the organisation (IT solutions for 
CRM were one of those) using the Likert scale, which 
seems to be an appropriate choice (for IT reliability, 
the scale from “very poor” to “very good” with the 
middle point “fair”; for other variables, the scale from 
“I strongly agree” to “I strongly disagree” with the 
middle point “I do not have an opinion”). First of all, 
the reliability of IT in an organisation is a subjective 
notion. Employees’ perspective and opinion concern-
ing the aspects of IT reliability are the best sources of 
knowledge since their perception matters the most. 
IT influences the organisation mainly through its 
potential to influence every-day work of the employ-
ees. Quantitative methods are commonly used to 
assess the software and hardware features linked to 
reliability. However, they do not give information 
concerning the actual perception of this notion 
within the organisation (Tworek, 2018). Based on 
that assessment, one key variable was defined: IT reli-
ability (consisting of the reliability of the IT system, 
the reliability of the IT information, and the reliability 
of the IT service).

The CRM time-of-use in an organisation was 
based on a single question. Respondents were asked 
to indicate the time taken by controlling that operates 
in the organisation in the specified intervals (“not 
used”, “recently implemented”, “used for more than  
a year”, “used for more than 5 years”, “used for more 
than 10 years”). 

The organisational performance was measured 
on a 4-item scale, including the return on investment 
(ROI), the sales growth, the profit growth and pro-
ductivity improvement (Maletic et al., 2015). The 
evolution of the performance during the previous 
three years was conducted. In line with literature, 
subjective measures of organisational performance 
were used (Bansal 2005; Maletic et al., 2015). On the 
one hand, the objective performance measures (such 
as financial) are difficult to obtain due to confidenti-
ality or unavailability. On the other, a subjective 
examination, although always exposed to errors, 
facilitates the comparison of many different organisa-
tions due to the studied aspects. Finally, there is evi-
dence that subjective and objective performance 

measures are strongly correlated (Dawes, 1999; Dess 
and Robinson, 1984). Due to different industries, 
sizes and strategic priorities of investigated organisa-
tions, performance data needed to be adjusted to 
evaluate each organisation. For this purpose, respon-
dents were asked to answer the questions by com-
parison to expectations. The organisational 
performance was rated on the Likert scale (from “well 
below expectations” to “well above expectations” with 
the middle point “as expected”).

3. Research results

3.1. Descriptive statistics and the reli-
ability analysis of scales

As the first step in the research process, the reli-
ability of scales of each variable was verified. The 
results received from the analysis of the reliability of 
the measurement scales are presented in Tab. 2. It is 
worth underlining that Cronbach’s α was high for 
every variable, which indicates a high internal reli-
ability of the scales and measurements. 

3.2. Relationships between IT reliabil-
ity, the CRM time-of-use and organisa-
tional performance 

	 To verify hypotheses H1 and H2, the correlation 
between IT reliability, the CRM time-of-use and 
organisational performance was calculated as the first 
part of the study. The correlation between IT reliabil-
ity and the CRM time-of-use was analysed with the 
help of Pearson’s correlation to verify the hypothesis 
H1. The results are presented in Tab. 3. The results 
showed that IT reliability was statistically significantly 
correlated with the CRM times-of-use. Moreover, the 
value of the Pearson’s coefficient was much higher in 
the case of IT system reliability (□r = 0.406) suggest-
ing that it was the most important component of IT 
reliability from the point of view of CRM. Therefore, 
the hypothesis H1 could be accepted: as there was a 
significant relationship between the CRM time-of-
use and IT reliability.

Tab. 2. Defined variables together with the results of the reliability analysis of scales

No. Variable No. of scales Cronbach’s α

1 IT reliability 28 0.953

2 CRM time-of-use 1 --

3 Organisational performance 4 0.911
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The correlation between the CRM time-of-use 
and the organisational performance was analysed 
with the use of Pearson’s correlation to verify the 
hypothesis H2 and is presented in Tab. 4.

The results showed that the CRM time-of-use 
was statistically significantly correlated with organ-
isational performance, which was not enough to 
accept the H2 hypothesis because the correlation 
analysis did not verify the cause–effect relationship. 
However, it was enough for an initial verification 
allowing to use it to build a regression model to fully 
confirm the H2 hypothesis and verify further hypoth-
eses formulated above.

To do that and to verify the hypothesis H2a, the 
regression analysis with the moderator was per-
formed. 

3.3. IT reliability as a moderator for 
the relationships between the CRM 
time-of-use, and organisational perfor-
mance

The relationship between the CRM time-of-use 
and organisational performance (hypothesis H2 and 
H2a) was analysed in the context of IT reliability to 
verify the statistical significance of this notion as  
a moderator of the given relationship. Regression 
analysis with a moderator was used for IT reliability 
as a general concept and for each of its three compo-
nents separately. Statistical reasoning was based on 
the same procedure in all cases. In every case, as the 
first step, a new variable — moderator — was intro-
duced. The moderator variable was built as a product 
of two standardised independent variables (the CRM 
time-of-use as a first independent variable and IT 
reliability as a second independent variable). As the 
second step, three regression models were built for 
every case (the analysis was performed using the 
Process macro for IBM SPSS Statistics). The first 
model was built as a base model for comparison, only 
independent variables (IT reliability as a second 
independent variable) were added as predictors. The 
second model was built using independent variables 

(IT reliability still as a second independent variable) 
together with the moderator as predictors to verify 
whether the moderating influence was occurring in 
the entire sample. To confirm that, the third regres-
sion model was built using only one independent 
variable (without IT reliability as a second indepen-
dent variable) and the moderator as predictors. The 
results of the analysis are presented in Tab. 5.

The obtained models clearly showed that IT reli-
ability was a moderator of the relationship between 
the CRM time-of-use and organisational perfor-
mance (hypothesis H2a). The delta R2 and obtained 
model for IT reliability (the whole concept) as  
a moderator were statistically significant (F (1, 1016) 
= 270.589, p < 0.001). In the case of detailed models 
verifying the moderating role of three components of 
IT reliability, the results were not unambiguous. All 
of them were statistically significant (IT system reli-
ability (F (1, 1077) = 289.248, p < 0.001), information 
reliability (F (1, 1086) = 284.044, p < 0.001) and ser-
vice reliability (F (1, 1090) = 251.208, p < 0.001)). 
However, as shown in Tab. 5, the moderating role was 
positively verified only in the case of system reliability 
and information reliability. Therefore, the obtained 
results were the basis for positive verification of the 
hypotheses H2a. The hypothesis could be accepted 
stating that the higher was IT reliability, the stronger 
was the influence of the CRM time-of-use on organ-
isational performance. Moreover, the first obtained 
models confirmed the cause–effect relationship 
between the CRM time-of-use and organisational 
performance (since R2 = 0.66 and CRM time-of-use 
was a statistically significant variable in the models) 
and allowed for the final acceptance of the H2 
hypothesis stating that the CRM time-of-use had  
a positive influence on organisational performance.

Conclusions

The obtained results clearly confirm that the 
existing IT solutions should support CRM, and with 

Tab. 3. Correlation analysis between IT reliability and the CRM time-of-use

Correlation IT reliability IT system reliability IT information reli-
ability IT service reliability

CRM time-of-use r(1036)=0.408**, 
p<0.001

r(1102)= 0.406**, 
p<0.001 r(1111)= 0.367**, p<0.01 r(1115)= 0.394**, p<0.01

Tab. 4. Correlation between the CRM time-of-use and the organisational performance

Organisational performance

CRM time-of-use r(1117)=0.529**, p<0.001
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Tab. 5. Research sample characteristics

Model description R2 Delta R2 Modera-
tor coef.

Standard 
error t Stat P Value

CRM time-of-use, 
IT reliability,
Moderator
dependent v.: performance

0.666 0.039 0.483 0.018 2.661 0.007

CRM time-of-use, 
IT system reliability,
Moderator
dependent v.: performance

0.668 0.040 0.474 0.016 2,801 0.005

CRM time-of-use, 
IT information reliability,
Moderator
dependent v.: performance

0.637 0.054 0.539 0.017 3.135 0.002

CRM time-of-use, 
IT service reliability,
Moderator
dependent v.: performance

0.639 0.001 0.299 0.016 1,818 0.069

such support, this management method positively 
influences organisational performance. Such a con-
clusion seems to be an important contribution to the 
studied field of research, filling the research gap con-
cerning the mechanism of IT support for CRM. It 
remains consistent with the views from the literature 
(e.g. Ngai et al., 2009; Payne and Frow, 2005) and 
contributes to their extension. First of all, the correla-
tion analysis confirms a strong positive relationship 
between the CRM time-of-use and organisational 
performance, confirming the method’s rising ability to 
positively influence organisation’s operations. Sec-
ondly, the regression analysis showed that IT reliability 
(and all of its components) were significant modera-
tors of the relationship between the CRM time-of-use 
and organisational performance, confirming that IT 
support can strengthen that influence. The strongest 
moderating effect occurred in the case of IT informa-
tion reliability. It seems to confirm views presented in 
the literature stating that information reliability is of 
particular importance in the case of supporting CRM 
using IT solutions (e.g. by Park and Kim, 2006; Liao et 
al., 2010; Liu et al., 2006). The least significant moder-
ating effect occurred in the case of service reliability, 
which, in turn, was consistent with the view that CRM 
— as a method highly sensitive for IT solution support 
— is used by employees highly skilled in performing 
their tasks with the use of IT (Tworek, 2019). That is 
why the role of support service reliability is smaller 
than the role of the reliability of the system itself and 
its use, which more directly affect the tasks performed 
by a skilled user. 

Therefore, it seems that the obtained results con-
firm that the alignment obtained in time (with the 
increase of the CRM time-of-use) may be a source for 
strengthening the influence of the CRM time-of-use 
on organisational performance due to the increase of 
the CRM quality. Moreover, its more efficient use in 
an organisation is influenced by IT reliability (espe-
cially, the reliability of information used in the IT 
solution), which is proven to be a moderator of this 
relationship.

In the modern economy, it is impossible to oper-
ate as a successful organisation without IT existence. 
It is equally common knowledge that IT might be the 
factor that supports management methods. Within 
these frames, the main aim of this article was achieved 
due to successful verification of the role of IT reli-
ability as the factor strengthening the influence of 
CRM on organisational performance. The obtained 
results clearly showed that there was a positive, statis-
tically significant correlation between IT reliability 
(and all of its components) and the CRM time-of-use. 
Moreover, they showed that IT reliability was a mod-
erator of the relationship between the CRM time-of-
use and organisational performance.

However, the performed empirical study is bur-
dened with certain limitations. The hypotheses were 
tested based on one research sample, limited to 
organisations operating in Poland and Switzerland. 
Moreover, CRM was analysed as one of many existing 
management methods, and IT solution support was 
not considered separately for each of them. However, 
it seems to be a solid first step underlining the need 
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for further analysis of the subject, considering not 
only the time of use of CRM but also its maturity.
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Introduction

Processes exist in every organisation and are 
managed in different ways. Process management 
applies to repeated and the same processes. On the 
other hand, project management is used for unique 
processes, such as, for example, the process for the 
implementation of a new information system. An 
organisation, enterprise or company is an organised 

set of processes and activities arranged in a sequence. 
Efficient and effective process management is 
required to achieve a set of goals. The analysis, under-
standing, management and improvement of processes 
as well as their performance have become a daily job 
of all employees of an organisation and, especially, 
managers. The current approach to business manage-
ment focuses on the improvement of business pro-
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cesses. Therefore, companies are increasingly shifting 
their attention to the performance of internal busi-
ness processes to improve corporate performance 
(Sujová et al., 2016). Production has a decisive influ-
ence on the operation of a company, its position in 
the market and the competitiveness of the manufac-
tured products. Effective manufacturing processes 
are, therefore, essential for financial performance. 
Several options are available for the improvement of 
processes, but two approaches are considered the 
main, namely, process optimisation as continuous 
improvement and radical change through reengi-
neering.

Companies use reengineering in the case of inef-
fective processes and when in need of a radical 
change. According to this approach, a company needs 
to focus on key processes with high added value and 
eliminate insignificant minor processes with minimal 
added value. Reorganised key processes lead to 
smooth operation and elimination of bottlenecks, 
which should have a positive impact on business 
performance and, consequently, on the company’s 
financial standing.

Process reengineering is a methodology devel-
oped by Hammer and Champy (2000) and modified 
by many other authors. However, insufficient infor-
mation is available in the case of economically effec-
tive reengineering of processes. This is one of the 
reasons why companies are afraid of radical changes 
and redesign of processes. Most scientific works and 
research focus on the reengineering methodology 
and anticipated effects. However, no solution has 
been offered yet for linking the implementation part 
of reengineering and the monitoring of its impact on 
the financial results of the company. Consequently, 
the authors of this article decided to focus on the 
economic impacts of process reengineering using one 
case in a chosen company.

The paper aims to demonstrate the implementa-
tion process of a production process reengineering 
and to pinpoint its impact on financial results and 
performance of the company through an analysis of 
traditional and modern financial indicators.

The first section of the paper is dedicated to the 
review of the literature regarding the issues of reengi-
neering and financial analysis. The second part 
describes the methodology of the work, and the third 
part presents the achieved results, which are then 
discussed in the fourth part. At the end of the article, 
conclusions are offered. 

	

1.	Literature review

In their definitions of a process, Ciencala (2011), 
Grasseová et al. (2008), Svozilová (2011), Mar-
cineková and Sujová (2015) indicated that it must 
have inputs and outputs, logical continuity, added 
value, an internal or external customer, a process 
owner and must be repeatable and measurable.

A process is closely related to process manage-
ment, which has been defined by various authors. 
Business Process Management is a scientific discipline 
that explains how work is performed in businesses or 
organisations to ensure consistent outputs and to take 
advantage of opportunities brought by improved 
procedures and processes (Homzová, 2012).

Gejdoš (2006), Závadský and Kovaľová (2011), 
Papulová et al. (2014), Sujová and Čierna (2018) 
agreed that process-driven organisations are cus-
tomer-centred and, therefore, thy create higher value 
for the customer, focus on process management 
through analyses and metrics, use concepts, methods 
and approaches to improve processes as well as opti-
mise and model them to make more radical changes 
and improve their performance.

Various authors (Řepa, 2007; Hammer and 
Champy, 2000; Manganelli and Klein, 1994; Daven-
port, 1993) agree that reengineering as a permanent 
process improvement must be a part of a corporate 
strategy to help companies achieve leading positions 
on local or global markets. The greatest possible effi-
ciency of a system can only be achieved by optimising 
each subsystem operating within its framework 
(Suchánek et al., 2015). In process reengineering, the 
emphasis is on making business processes as simple 
and economical as feasible, and servicing a customer 
order in the shortest possible time (Rašner and 
Rajnoha, 2006).

There is a number of reengineering methodolo-
gies that differ in scope, focus, and also practical and 
theoretical orientation. Řepa (2007) and Kovář et al. 
(2007) suggest that in addition to the selected meth-
odologies listed in Tab. 1, there is another DoD 
methodology that was developed for the radical cost 
reduction, called Aris, which does not have a defined 
procedure, but provides a number of perspectives and 
tools to model individual aspects of the business 
existence, the PPP (Participatory Processes Prototyp-
ing) methodology combining new methods with tra-
ditional and supporting interconnected development 
of processes, technology and human potential.
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BPR (Business Process Reengineering) is defined 
as the fundamental rethinking and radical redesign of 
business processes to achieve dramatic improvements 
in critical, contemporary measures of performance, 
such as cost, quality, and service. In fact, a BPR effort 
changes practically everything in the organisation, 
including people, jobs, managers and values, because 
these aspects are linked together (Hammer and 
Champy, 2000).

Tab. 1. Comparison of selected process reengineering methods

PROCEDURE
METHODOLOGY  

BY HAMMER  
AND CHAMPY

METHODOLOGY  
BY DAVENPORT

METHODOLOGY  
BY MANGANELLI 

AND KLEIN

METHODOLOGY  
BY KODAK

Project preparation

Introduction
to reengineering Vision and goals Preparation of project

Initiation of a project
Identification of busi-
ness processes

Identification of busi-
ness processes

Identification of
projectChoosing business pro-

cesses for reengineering

Process reconstruction

Knowledge of selected 
business processes

Knowledge and mea-
surement of processes Vision Knowledge of processes

Redesign of selected 
business processes

Information technolo-
gies

Redesign
- technical
- personnel

Design of new processes

Implementation Implementation of new 
business processes

Prototyping processes
Transformation

Transformation of the 
business 

Implementation pro-
cesses Change management

Every change should be evaluated from an eco-
nomic and financial points of view. Varcholová et al. 
(2007), Brealey (2000), Ručková (2010), Dubovická 
(2007), Neumaierová and Neumaier (2002), Mařík 
and Maříková (2005), Kotulič et al. (2010), Knápková 
et al. (2013), Hajdúchová (2000, 2011), Zalai et al. 
(2010), Tóthová et al. (2012) agree that financial 
indicators allow for a rapid and inexpensive picture of 
the company’s financial performance. Evans (2018) 

Tab. 2. Six phases of the Hammer and Champy methodology

PHASE OBJECTIVE

Introduction into business  
reengineering

The “case for action” is a description of the organisation’s business problem and current situa-
tion; it justifies the need for change. The “vision statement” describes how the organisation is 
going to operate and outlines the kind of results it must achieve. The top management should 
inform other employees about the visions

Identification of business  
processes

In this step, the most important business processes are identified and are described from a 
global perspective using a set of process maps. Process maps give a picture of the workflows 
through the company. The output of this phase is a number of process maps reflecting how 
these high-level processes interact within the company and in relation to the outside world

Selection of business processes

Candidates for reengineering are the most problematic processes, those with great impact on 
customers, processes with more chances to be successfully re-engineered or processes that 
contribute to the organisation’s objectives. According to an organisation’s strategic objectives, 
more criteria could be defined for selecting processes for redesign, such as increased customer 
value

Understanding of selected  
business process

The reengineering team needs to gain a better understanding of the existing selected pro-
cesses. The objective is the provision of a high-level view of the process under consideration, 
for the team members to have the intuition and insight required to create a totally new and 
superior design

Redesign of the selected business 
processes

This is the most creative phase of the methodology because new rules and new ways of work 
should be invented. Imagination and inductive thinking should characterise this phase. Rede-
signing a process is not algorithmic or routine

Implementation of redesigned 
business processes

The last phase covers the implementation phase of the BPR project. Hammer and Champy 
believe that the success of the implementation depends on whether the five previous phases 
have been properly performed

Source: elaborated by the authors according to (Hammer and Champy, 2000).
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points to the fact that a favourable financial result in 
the profit indicator may not necessarily mean opera-
tional efficiency evaluated by ratio indicators. The 
analysis of financial performance development can be 
made on the basis of financial ratio indicators and 
enable the prediction of future performance 
(Kiseľáková et al., 2018). Most authors recommend 
the ratio indicators for profitability analysis, activity 
indicators, indebtedness indicators, cash flow indica-
tors, market value indicators of the enterprise, and 
the economic value-added (EVA) indicator. 

2.	 Research methods

Based on the study of theoretical knowledge,  
a manufacturing company was recommended the 
methodology of process reengineering according to 
Hammer and Champy (2000). In the company, the 
methodology was practically implemented in the 
production process. The methodology had six phases, 
which are described in Tab. 2.

The evaluation phase was aimed at assessing the 
impact of the implemented reengineering solution 
through financial and economic indicators. Based on 
the recommendations of most authors, the analysis 
used profitability ratios, activity indicators, indebted-
ness indicators, performance indicators, market value 
indicators of the enterprise, and the economic value-
added indicator EVA.

Profitability ratios are a form of expression of the 
resource efficiency that serves as the main criterion 
for capital allocation in a market economy. This 
includes, in particular, the following indicators (Zalai 
et al. 2010; Hajdúchová, 2000):

Return on assets ROA, which expresses the over-
all efficiency of the company, its production power. 
The following formula is used to calculate the 
return on assets:

(1)𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁
𝑇𝑇𝑇𝑇𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑎𝑎𝑎𝑎

 (1) 
 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑁𝑁𝑁𝑁𝐸𝐸𝐸𝐸

 (2) 

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁
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𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
 𝑥𝑥𝑥𝑥 365 (7) 

 
𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐼𝐼𝐼𝐼 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇 𝑅𝑅𝑅𝑅𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝑇𝑇𝑇𝑇 = 𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁𝐼𝐼𝐼𝐼𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊
  (8) 

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑃𝑃𝑃𝑃 = 𝐷𝐷𝐷𝐷𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑟𝑟𝑟𝑟𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇/365
 (9) 

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅´𝐴𝐴𝐴𝐴 𝑝𝑝𝑝𝑝𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = 𝐷𝐷𝐷𝐷𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐸𝐸𝐸𝐸 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇/365
  (10) 

 
𝐷𝐷𝐷𝐷𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑇𝑇𝑇𝑇𝑜𝑜𝑜𝑜 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 − 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 = 𝐼𝐼𝐼𝐼𝑜𝑜𝑜𝑜𝐼𝐼𝐼𝐼 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 
 𝑥𝑥𝑥𝑥 100 %  (11) 

 
Total indebtedness = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼
 𝑥𝑥𝑥𝑥 100 % (12) 

 
𝐹𝐹𝐹𝐹𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝐼𝐼𝐼𝐼𝑜𝑜𝑜𝑜𝐼𝐼𝐼𝐼 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼
 (13) 

 
𝑅𝑅𝑅𝑅𝐸𝐸𝐸𝐸𝑅𝑅𝑅𝑅 = 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 −𝑊𝑊𝑊𝑊𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 ∗ 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 (14) 

 

Return on sales ROS, which is a ratio widely used 
to evaluate the entity’s operating performance. ROS 
indicates how much profit an entity makes after pay-
ing for variable costs of production, such as wages, 
raw materials, etc. (but before interest and tax). It is 
the return achieved from standard operations and 
does not include unique or one-off transactions. This 
indicator encompasses the profit margin aspect. ROS 
is usually expressed as follows:

(5)

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁
𝑇𝑇𝑇𝑇𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑎𝑎𝑎𝑎

 (1) 
 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑁𝑁𝑁𝑁𝐸𝐸𝐸𝐸

 (2) 

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁

𝐹𝐹𝐹𝐹𝐸𝐸𝐸𝐸𝐹𝐹𝐹𝐹𝑁𝑁𝑁𝑁𝐹𝐹𝐹𝐹  𝐴𝐴𝐴𝐴𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎+𝑊𝑊𝑊𝑊𝐼𝐼𝐼𝐼𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑊𝑊𝑊𝑊 𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
  (3) 

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑃𝑃𝑃𝑃𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑃𝑃𝑃𝑃𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸

𝑆𝑆𝑆𝑆ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
 (4) 

 
ROS = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 (𝐸𝐸𝐸𝐸𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴) 

𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁
 (5) 

 
OPM = 𝑂𝑂𝑂𝑂𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 (𝐸𝐸𝐸𝐸𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴) 

𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁
 𝑥𝑥𝑥𝑥 100 (%) (6) 

 
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇 𝑅𝑅𝑅𝑅𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝑇𝑇𝑇𝑇 = 𝑇𝑇𝑇𝑇𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑎𝑎𝑎𝑎

𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
 𝑥𝑥𝑥𝑥 365 (7) 

 
𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐼𝐼𝐼𝐼 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇 𝑅𝑅𝑅𝑅𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝑇𝑇𝑇𝑇 = 𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁𝐼𝐼𝐼𝐼𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊
  (8) 

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑃𝑃𝑃𝑃 = 𝐷𝐷𝐷𝐷𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑟𝑟𝑟𝑟𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇/365
 (9) 

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅´𝐴𝐴𝐴𝐴 𝑝𝑝𝑝𝑝𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = 𝐷𝐷𝐷𝐷𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐸𝐸𝐸𝐸 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇/365
  (10) 

 
𝐷𝐷𝐷𝐷𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑇𝑇𝑇𝑇𝑜𝑜𝑜𝑜 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 − 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 = 𝐼𝐼𝐼𝐼𝑜𝑜𝑜𝑜𝐼𝐼𝐼𝐼 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 
 𝑥𝑥𝑥𝑥 100 %  (11) 

 
Total indebtedness = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼
 𝑥𝑥𝑥𝑥 100 % (12) 

 
𝐹𝐹𝐹𝐹𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝐼𝐼𝐼𝐼𝑜𝑜𝑜𝑜𝐼𝐼𝐼𝐼 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼
 (13) 

 
𝑅𝑅𝑅𝑅𝐸𝐸𝐸𝐸𝑅𝑅𝑅𝑅 = 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 −𝑊𝑊𝑊𝑊𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 ∗ 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 (14) 

 

Profit margin (PM), which is one of the most 
widely used profitability ratios and helps understand 
the relative profitability. It represents the percentage 
of sales turned into profits. Margins are computed 
from gross profit, operating profit or net profit. All 
three profit margins are calculated as the profit figure 
divided by revenue and multiplying by 100 (Berg et 
al., 2018). Operating profit margins correspond to 
ROS in percentage expression and the formula for 
calculation is as follows:

(6)

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁
𝑇𝑇𝑇𝑇𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑎𝑎𝑎𝑎

 (1) 
 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑁𝑁𝑁𝑁𝐸𝐸𝐸𝐸

 (2) 

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁

𝐹𝐹𝐹𝐹𝐸𝐸𝐸𝐸𝐹𝐹𝐹𝐹𝑁𝑁𝑁𝑁𝐹𝐹𝐹𝐹  𝐴𝐴𝐴𝐴𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎+𝑊𝑊𝑊𝑊𝐼𝐼𝐼𝐼𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑊𝑊𝑊𝑊 𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
  (3) 

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑃𝑃𝑃𝑃𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑃𝑃𝑃𝑃𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸

𝑆𝑆𝑆𝑆ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
 (4) 

 
ROS = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 (𝐸𝐸𝐸𝐸𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴) 

𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁
 (5) 

 
OPM = 𝑂𝑂𝑂𝑂𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 (𝐸𝐸𝐸𝐸𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴) 

𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁
 𝑥𝑥𝑥𝑥 100 (%) (6) 

 
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇 𝑅𝑅𝑅𝑅𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝑇𝑇𝑇𝑇 = 𝑇𝑇𝑇𝑇𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑎𝑎𝑎𝑎

𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
 𝑥𝑥𝑥𝑥 365 (7) 

 
𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐼𝐼𝐼𝐼 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇 𝑅𝑅𝑅𝑅𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝑇𝑇𝑇𝑇 = 𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁𝐼𝐼𝐼𝐼𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊
  (8) 

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑃𝑃𝑃𝑃 = 𝐷𝐷𝐷𝐷𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑟𝑟𝑟𝑟𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇/365
 (9) 

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅´𝐴𝐴𝐴𝐴 𝑝𝑝𝑝𝑝𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = 𝐷𝐷𝐷𝐷𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐸𝐸𝐸𝐸 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇/365
  (10) 

 
𝐷𝐷𝐷𝐷𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑇𝑇𝑇𝑇𝑜𝑜𝑜𝑜 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 − 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 = 𝐼𝐼𝐼𝐼𝑜𝑜𝑜𝑜𝐼𝐼𝐼𝐼 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 
 𝑥𝑥𝑥𝑥 100 %  (11) 

 
Total indebtedness = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼
 𝑥𝑥𝑥𝑥 100 % (12) 

 
𝐹𝐹𝐹𝐹𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝐼𝐼𝐼𝐼𝑜𝑜𝑜𝑜𝐼𝐼𝐼𝐼 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼
 (13) 

 
𝑅𝑅𝑅𝑅𝐸𝐸𝐸𝐸𝑅𝑅𝑅𝑅 = 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 −𝑊𝑊𝑊𝑊𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 ∗ 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 (14) 

 

Activity indicators reflect the ability of an enter-
prise to manage its assets effectively. Activity indica-
tors include (Ručková, 2010; Kotulič et al., 2010; 
Brealey, 2000): Total asset turnover ratio, which indi-
cates the number of turns over a given time interval 
(e.g. year), i.e., how many times the assets turn. It 
indicates the efficiency of the use of the company’s 
assets.

(7)

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁
𝑇𝑇𝑇𝑇𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑎𝑎𝑎𝑎

 (1) 
 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑁𝑁𝑁𝑁𝐸𝐸𝐸𝐸

 (2) 

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁

𝐹𝐹𝐹𝐹𝐸𝐸𝐸𝐸𝐹𝐹𝐹𝐹𝑁𝑁𝑁𝑁𝐹𝐹𝐹𝐹  𝐴𝐴𝐴𝐴𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎+𝑊𝑊𝑊𝑊𝐼𝐼𝐼𝐼𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑊𝑊𝑊𝑊 𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
  (3) 

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑃𝑃𝑃𝑃𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑃𝑃𝑃𝑃𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸

𝑆𝑆𝑆𝑆ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
 (4) 

 
ROS = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 (𝐸𝐸𝐸𝐸𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴) 

𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁
 (5) 

 
OPM = 𝑂𝑂𝑂𝑂𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 (𝐸𝐸𝐸𝐸𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴) 

𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁
 𝑥𝑥𝑥𝑥 100 (%) (6) 

 
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇 𝑅𝑅𝑅𝑅𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝑇𝑇𝑇𝑇 = 𝑇𝑇𝑇𝑇𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑎𝑎𝑎𝑎

𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
 𝑥𝑥𝑥𝑥 365 (7) 

 
𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐼𝐼𝐼𝐼 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇 𝑅𝑅𝑅𝑅𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝑇𝑇𝑇𝑇 = 𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁𝐼𝐼𝐼𝐼𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊
  (8) 

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑃𝑃𝑃𝑃 = 𝐷𝐷𝐷𝐷𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑟𝑟𝑟𝑟𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇/365
 (9) 

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅´𝐴𝐴𝐴𝐴 𝑝𝑝𝑝𝑝𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = 𝐷𝐷𝐷𝐷𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐸𝐸𝐸𝐸 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼
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Inventory turnover ratio, which indicates the 
intensity of the use of inventory, i.e., how many times 
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𝐼𝐼𝐼𝐼𝑜𝑜𝑜𝑜𝐼𝐼𝐼𝐼 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼
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Creditor’s payment period, which reports on the 
payment discipline of the company itself to its suppli-
ers and indicates the duration of payment of the 
obligation from the moment of its occurrence in days.
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𝑆𝑆𝑆𝑆ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
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𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁
 (5) 
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𝑅𝑅𝑅𝑅𝐸𝐸𝐸𝐸𝑅𝑅𝑅𝑅 = 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 −𝑊𝑊𝑊𝑊𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 ∗ 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 (14) 

 

Debt indicators serve to monitor the structure of 
the company’s financial resources. The high share of 
own resources makes the company stable and inde-
pendent; on the other hand, if the share is low, the 
company is unstable; thus, market fluctuations and 
creditor insecurity can have serious consequences 
(Hajdúchová, 2011; Tóthová et al., 2012).

Equity ratio explains the financial independence, 
the equity capital to meet the company needs. 
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 (5) 
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𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
 𝑥𝑥𝑥𝑥 365 (7) 

 
𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐼𝐼𝐼𝐼 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇 𝑅𝑅𝑅𝑅𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝑇𝑇𝑇𝑇 = 𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
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𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑃𝑃𝑃𝑃 = 𝐷𝐷𝐷𝐷𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑟𝑟𝑟𝑟𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
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𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅´𝐴𝐴𝐴𝐴 𝑝𝑝𝑝𝑝𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = 𝐷𝐷𝐷𝐷𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐸𝐸𝐸𝐸 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼
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  (3) 

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑃𝑃𝑃𝑃𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑃𝑃𝑃𝑃𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸

𝑆𝑆𝑆𝑆ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
 (4) 

 
ROS = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 (𝐸𝐸𝐸𝐸𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴) 

𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁
 (5) 

 
OPM = 𝑂𝑂𝑂𝑂𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 (𝐸𝐸𝐸𝐸𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴) 

𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁
 𝑥𝑥𝑥𝑥 100 (%) (6) 

 
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇 𝑅𝑅𝑅𝑅𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝑇𝑇𝑇𝑇 = 𝑇𝑇𝑇𝑇𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑎𝑎𝑎𝑎

𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
 𝑥𝑥𝑥𝑥 365 (7) 

 
𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐼𝐼𝐼𝐼 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇 𝑅𝑅𝑅𝑅𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝑇𝑇𝑇𝑇 = 𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁𝐼𝐼𝐼𝐼𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊
  (8) 

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑃𝑃𝑃𝑃 = 𝐷𝐷𝐷𝐷𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑟𝑟𝑟𝑟𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇/365
 (9) 

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅´𝐴𝐴𝐴𝐴 𝑝𝑝𝑝𝑝𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = 𝐷𝐷𝐷𝐷𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐸𝐸𝐸𝐸 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇/365
  (10) 

 
𝐷𝐷𝐷𝐷𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑇𝑇𝑇𝑇𝑜𝑜𝑜𝑜 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 − 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 = 𝐼𝐼𝐼𝐼𝑜𝑜𝑜𝑜𝐼𝐼𝐼𝐼 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 
 𝑥𝑥𝑥𝑥 100 %  (11) 

 
Total indebtedness = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼
 𝑥𝑥𝑥𝑥 100 % (12) 

 
𝐹𝐹𝐹𝐹𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝐼𝐼𝐼𝐼𝑜𝑜𝑜𝑜𝐼𝐼𝐼𝐼 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼
 (13) 

 
𝑅𝑅𝑅𝑅𝐸𝐸𝐸𝐸𝑅𝑅𝑅𝑅 = 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 −𝑊𝑊𝑊𝑊𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 ∗ 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 (14) 

 

Traditional cash-flow performance indicators are 
primarily financial and investment. Financial indica-
tors deal with the financial position of the company 
in terms of its solvency. In contrast, investment indi-
cators evaluate the company in terms of its future 
investment potential and stability for investors. The 
total cash-flow is measured using a direct or an indi-
rect method. Operational Cash-Flow Calculations for 
Performance Evaluation were made using the indirect 
method and cash flow calculations from investment 
and financial activities by direct method according to 
Mařík & Maříková (2005) and Varcholová et al. 
(2007).

The economic value-added indicator (EVA) is an 
economic and financial indicator of business perfor-

(14)

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁
𝑇𝑇𝑇𝑇𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑎𝑎𝑎𝑎

 (1) 
 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑁𝑁𝑁𝑁𝐸𝐸𝐸𝐸

 (2) 

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁

𝐹𝐹𝐹𝐹𝐸𝐸𝐸𝐸𝐹𝐹𝐹𝐹𝑁𝑁𝑁𝑁𝐹𝐹𝐹𝐹  𝐴𝐴𝐴𝐴𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎+𝑊𝑊𝑊𝑊𝐼𝐼𝐼𝐼𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑊𝑊𝑊𝑊 𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
  (3) 

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑃𝑃𝑃𝑃𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑃𝑃𝑃𝑃𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸

𝑆𝑆𝑆𝑆ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
 (4) 

 
ROS = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 (𝐸𝐸𝐸𝐸𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴) 

𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁
 (5) 

 
OPM = 𝑂𝑂𝑂𝑂𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 (𝐸𝐸𝐸𝐸𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴) 

𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁
 𝑥𝑥𝑥𝑥 100 (%) (6) 

 
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇 𝑅𝑅𝑅𝑅𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝑇𝑇𝑇𝑇 = 𝑇𝑇𝑇𝑇𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑎𝑎𝑎𝑎

𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
 𝑥𝑥𝑥𝑥 365 (7) 

 
𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐼𝐼𝐼𝐼 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇 𝑅𝑅𝑅𝑅𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑅𝑅𝑅𝑅𝑇𝑇𝑇𝑇 = 𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁𝐼𝐼𝐼𝐼𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊
  (8) 

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑃𝑃𝑃𝑃 = 𝐷𝐷𝐷𝐷𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑟𝑟𝑟𝑟𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇/365
 (9) 

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅´𝐴𝐴𝐴𝐴 𝑝𝑝𝑝𝑝𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = 𝐷𝐷𝐷𝐷𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐸𝐸𝐸𝐸 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇/365
  (10) 

 
𝐷𝐷𝐷𝐷𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑇𝑇𝑇𝑇𝑜𝑜𝑜𝑜 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 − 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 = 𝐼𝐼𝐼𝐼𝑜𝑜𝑜𝑜𝐼𝐼𝐼𝐼 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 
 𝑥𝑥𝑥𝑥 100 %  (11) 

 
Total indebtedness = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼
 𝑥𝑥𝑥𝑥 100 % (12) 

 
𝐹𝐹𝐹𝐹𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐼𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝐼𝐼𝐼𝐼𝑜𝑜𝑜𝑜𝐼𝐼𝐼𝐼 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼
 (13) 

 
𝑅𝑅𝑅𝑅𝐸𝐸𝐸𝐸𝑅𝑅𝑅𝑅 = 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 −𝑊𝑊𝑊𝑊𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 ∗ 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 (14) 

 

mance. Its main task is to measure the company’s 
economic profit (Kiseľáková, 2018). The basic, most 
frequently used formula for calculating the EVA 
indicator is commonly (Ručková, 201; Knápková et 
al., 2013) is as follows:

where: 
NOPAT — Net Operating Profit After Taxes, 
NOA — Net Operating Assets, 
WACC —Weighted Average Cost of Capital.

3.	Research results 

The following part of the paper presents the 
results of the reengineering process in the company 
and the financial analysis. 

3.1. Implementation of process  
reengineering in the company

The implementation of process reengineering 
was divided into six steps.

The first step defined the objectives of reengi-
neering — the construction of a new warehouse with 
a sophisticated sorting system and the automation of 
window production processes using a new fully auto-
mated line.

The second step was to identify business pro-
cesses. To implement the reengineering process, the 
company used one production hall, in which all pro-
duction processes were carried out. Recently, they 
implemented the CNC technology manufacturing 
process. In the process of reengineering, it was neces-
sary to automate manufacturing operations, such as 
pickling, painting and drying. A map of window 
production processes before reengineering is shown 
in Fig. 1.

The third step was the selection of business pro-
cesses for reengineering with the emphasis on the 
removal of manual labour and unproductive pro-
cesses, and the more efficient storage of input materi-
als. The biggest change due to the construction of the 
new hall occurred in the production processes of 
pickling, drying and painting, which were replaced 
by a new fully automated line. 

The fourth step was to get to know the manufac-
turing processes that had a major impact on the 
quality of the final product. As these selected pro-
cesses form a large part of the resulting quality of the 
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Fig. 1. Process map before reengineering

Fig. 2. Process map after reengineering
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Fig. 1. Process map before reengineering

profi le systems, their replacement with a fully auto-
mated line was key to the company.

Th e fi ft h step was the re-design of selected busi-
ness processes. A change in the expansion of storage 
space with a sophisticated storage system and 
a change in manufacturing processes in the produc-
tion of wooden windows was made to streamline the 
entire production process, reduce production costs, 
use human resources more effi  ciently, and improve 
the quality of fi nished products. Th ese consequences 
had a positive impact on the company’s fi nancial 
position and performance.

Fig. 2 shows the arrangement of manufacturing 
and non-production processes aft er reengineering. 

Fig. 1. Process map before reengineering

Fig. 2. Process map after reengineering

Cross division

Planning

Mortise joint

Bonding 
frames

PuttyingGrinding

Pickling and 

drying

Storage of 
hazardous 
substances

Office 

building

Expedition

Montage

Assembling
Painting

Drying

Storage of lumber and profile 
systems

Cross division

Storage of lumber and profile 
systems

Planning

Mortise joint

Bonding 
frames

PuttyingGrinding

Bonding Pickling and 

drying

Painting

Drying

Storage of 
hazardous 
substances

Office 

building

Expedition

Montage

Assembling

Fig. 2. Process map aft er reengineering

New warehouse space was equipped with modern 
input material sorting, which also provided input 
inspection of raw materials. Pickling, painting and 
drying were replaced by a fully automated line. Com-
pleting, assembling and shipping were given more 
space, reducing the proportion of non-conformities 
due to mechanical damage.

In step six, new business processes were imple-
mented. Preparation and implementation of project 
documentation preceded the construction of a new 
warehouse, the purchase of warehouse equipment 
and a new automated line. Funds for the construction 
of the hall were secured using a bank loan of EUR 170 
000. Th e received subsidy funded the purchase of 
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a fully automated line. Currently, the operation is 
running under a new mode, and employees were 
provided with the necessary training to operate the 
new production line.

3.2. Evaluation of the impact of reengi-
neering on the company’s financial 
standing

The analysis of the financial situation in the 
company was carried out using profitability indica-
tors, activity indicators, indebtedness indicators, cash 
flow ratios to measure financial flows and the EVA 
performance indicator. The profit margin, as one of 
the most important profitability indicators, was con-
sidered for the ROS indicator. Tab. 3 shows the profit-
ability indicators aimed at monitoring business 
efficiency.

The results in Tab. 3 show that the return on 
assets increased in 2018 compared to 2015 by about 
60%. The return on equity of 2018, when the results of 
the introduced reengineering were already known, 
increased from 8.11 to 43.73, which is of great value 
to both the business owner and in terms of the com-
petition. The company achieved the highest return on 
assets in 2016 and 2017, which resulted from the 
higher NOPAT value. Return on equity reached its 
peak after the implementation of reengineering. The 
lowest level of return on sales was reached in 2016. 
Once the changes were made, and the results were 
evaluated, the profitability of sales increased by more 
than 80%.

Tab. 3. Profitability ratios

PROFITABILITY RATIOS 2015 2016 2017 2018

Return on assets ROA 1.36 1.24 1.17 2.26

Return on equity ROE 17.80 17.48 8.11 43.73

Return on net assets 

RONA
0.63 0.84 0.82 0.71

Return on share capital 

ROSC 
1.36 1.12 1.10 1.76

Return on sales ROS 1.07 0.72 0.78 1.31

Tab. 4. Activity indicators 

ACTIVITY INDICATORS 2015 2016 2017 2018

Total Assets Turnover 

[year]
1.04 1.39 1.22 1.40

Inventory turnover  

[days]
223.30 224.70 245.30 254.40

Tab. 5. Debt indicators

DEBT  

INDICATORS
2015 2016 2017 2018

Degree of self-financing 4.10 4.03 7.66 2.29

Total indebtedness 95.90 95.97 92.35 97.71

Financial leverage 16.10 17.36 8.52 23.89

2015 2016 2017 2018
Maturity of receivables 12,37 11,6 25,76 24,43

Maturity of payables 19,53 33,31 17,42 34,03
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Fig. 3. Maturity of receivables and payables

Activity indicators express the efficiency of asset 
management in an enterprise. Based on the results 
presented in Tab. 4, activity indicators are increasing. 
Inventory turnover values were high due to high 
inventory levels for custom manufacturing.
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Tab. 6. Cash-flow indicators

CASH FLOW INDICATORS [€] 2015 2016 2017 2018

Operating Cash-Flow -73 272.00 179 586.45 65 968.79 54 562.31

Cash-Flow from investment activities 42 104.36 449 178.38 7 594.80 13 604.33

Cash-Flow from financial activities 46 120.45 519 247.68 - 30 752.48 64 534.17

Total-Cash Flow 14 952.81 1 148 012.51 42 811.11 132 700.81

Tab. 7. EVA indicator, net working capital and cost of foreign capital

EVA INDICATOR [€] 2015 2016 2017 2018

Net operating profit after tax NOPAT 9 402.77 12 380.59 13 189.21 9 933.77

Net working capital 565 865.00 643 429.00 739 108.00 678 921.00

Net Operating Assets NOA 1 395 870.00 1 187 149.00 1 340 456.00 1 320 861.00

Cost of foreign capital 3.60 3.69 3.60 3.59

Weighted Average Cost of Capital WACC 0.41 0.42 1.02 0.66

EVA 3 676.00 7 558.00 -508.00 1 281.00

Fig. 3 shows the difference in the maturity of 
receivables and payables. In addition to 2017, the 
repayment period of receivables is lower than the 
repayment period of payables. This was an advantage 
for the company and proved that the company had 
collected rather than paid. Also, based on the results 
achieved in the activity indicators, authors can state  
a positive impact on the financial situation of the 
company.

Debt indicators are used to monitor the compa-
ny’s financial resources. The share of own and foreign 
financial resources affects the financial stability of the 
company. As demonstrated in Tab. 5, the high share 
of foreign resources is cheaper for the company but 
represents less stability. In 2018, the debt was up to 
97.71%. By increasing the value of the leverage, the 
company increased the share of foreign resources 
and, thus, the degree of debt.

Cash flow is a term that indicates the difference 
between cash and cash outflows over the reporting 
period. The overview of cash-flows, which are impor-
tant for liquidity management, is presented in Tab. 6.

The results of the operative cash-flow calculated 
by the indirect method show that in 2017, ta radical 
decrease occurred compared to 2016, which was due 
to the decrease in inventories. Cash flow values from 
investment activity show that their amount was 
related to reengineering in the company. In 2018, 
after reengineering, the company managed to increase 
its cash-flow by more than 78%. The low cash-flow 
from investment activity in 2017 had an impact on 
the value of cash-flow from financial operations. The 
negative value was due to an increase in equity and 
changes in the structure of long-term foreign capital. 

The situation in 2016 reflects the company’s readiness 
for the high level of investment that was actually 
accomplished in 2017. Undoubtedly, the investment 
had a positive effect on the cash flow from investment 
activity for the next period. Total cash flow values 
show that the company managed to generate its own 
financial resources. The values of the indicators pro-
vided a clear statement about the timely reengineer-
ing and its positive impact on the future financial 
standing.

Aiming to calculate the economic value-added 
EVA, it was necessary to define the profit from the 
main operating activity after NOPAT taxation, which 
is also listed in Tab. 7.

The company achieved the highest value in 2017. 
By implementing reengineering in 2016, the company 
increased its assets by EUR 133712. The value of tied 
capital in the main activity was approximately at the 
same level. Again, the reengineering had a positive 
impact on the economic results of the company as  
a whole. The cost of foreign capital ranged from 
3.59% to 3.69% over the years. The average cost of 
capital for 2015, 2016, 2017 tended to grow and only 
dropped by more than 35% to 0.66 in the last report-
ing year, once again positively affecting the company’s 
financial situation. The negative EVA in 2017 was due 
to the high average cost of capital, which was 1.02%. 
In 2017, the company also recorded the highest total 
capital for the entire period under review and, there-
fore, EVA was negative. By decreasing the average 
cost of capital by 35%, the company managed to 
increase its business performance by over 250% in 
2018, which is high positive impact on the company’s 
financial position.
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4.	Discussion of research 
results

The results demonstrated that reengineering of 
manufacturing processes could be implemented suc-
cessfully using the methodology offered by Hammer 
and Champy (2000). The comparison of the financial 
situation of the company before and after the reengi-
neering shows that this radical change was well-
timed. Even though the decision to construct a new 
production hall and buy a fully automated production 
line seemed radical, it was actually the right thing to 
do. 

The comparison of the results of the company’s 
financial indicators showed a positive impact received 
from the implementation of the reengineering on the 
financial performance of the company (Fig. 4). 
Although the statistical validation was not made, the 
dependence between reengineering and change of 
profitability indicators is apparent.

As recommended by various authors (Varcholová 
et al., 2007; Brealey, 2000; Růčková, 2010; Dubovická 
2007; Neumaierová and Neumaier, 2002; Marik and 
Mariková, 2005; Kotulič et al., 2010; Knapková et al., 
2013; Hajduchová, 2000; Zalai et al., 2010; Toth et al., 
2012), the selected financial indicators, namely, prof-
itability ratios, activity indicators, debt indicators, 
traditional cash-flow performance indicators and the 
economic value-added indicator EVA, were suitable 
for evaluating the impact of reengineering on the 
financial performance of the company. 

 
        Fig. 3. Maturity of receivables and payables 

 
 
 

                             Fig. 4. Development of profitability indicators 
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Fig. 4. Development of profitability indicators

On this basis, as well as the presented example of 
their use in the assessment of the financial perfor-
mance of the company that implemented the reengi-
neering process according to the Hammer and 
Champy methodology, it can be stated that the 
selected financial indicators have a good predictive 
impact on the financial situation of the company in 
terms of sales, profit margin, inventories, equity and 
foreign capital, as well as capital costs. They can also 
be recommended for the evaluation of the reengi-
neering process of other companies.

Conclusions

The impact achieved by reengineering of a manu-
facturing process in the chosen company was moni-
toring using financial indicators and proved that the 
reengineering was successful from the economic 
point of view. The overall efficiency of the company 
expressed in profitability indicators reached the high-
est values in 2017 and 2018, as a result of the imple-
mented reengineering. Over the monitored period of 
four years, all activity indicators developed favourably 
in the upward trend. Foreign financial sources went 
up to 97%. This option was cheaper for the company 
but also meant less stability. The reengineering was 
financed from foreign sources, which was also 
reflected in the highest indebtedness in 2018 for the 
entire period under review. The leverage ratio was 
also confirmed by the financial leverage ratio. The 
results of the total cash flow showed that in each 
reporting year, the company was able to generate its 
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own financial resources. Average costs tended to 
grow, with a decline of more than 35% in 2018. The 
decrease was attributed to favourable credit terms in 
all years except 2017. Negative EVA in the year, in 
which reengineering was introduced, was attributed 
to high capital costs.

Based on financial analyses and the results of 
selected indicators, the authors of this article con-
clude that the introduction of reengineering in the 
production process was well-timed. At the same time, 
the results of the analyses showed that reengineering 
resulted in the improved company’s performance and 
value, which had a positive impact on the company’s 
financial situation. This was confirmed by the com-
parison of indicator values before and after the reen-
gineering. The resources spent in the process of 
reengineering were effectively used, and the compa-
ny’s further functioning was set for future prosperity. 

The analysis concerned only one company, which 
is the limitation of the paper. The validation of find-
ings through statistical tests is, therefore, complicated 
and almost impossible. The evaluation and validation 
of reengineering effects through statistical analysis 
can be carried out on a larger research sample of more 
companies. This issue will be solved in the next 
research. 
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Introduction 

Supply chain governance is perceived as a mecha-
nism of coordination encompassing three distinct 
modes, namely, market, hierarchy and clan. A market 
mechanism involves the coordination mediated by  
a price mechanism, while a hierarchy concerns  
a supervisory structure to impose integration and 
apply bureaucratic routines, and a clan is anchored 

social capital which is a tacit resource attainable by 
individual actors through the networks of relation-
ships. Apart from these three distinct modes, several 
studies increasingly investigate the issue of network 
governance indicating a simultaneous coexistence of 
these three modes (Dooley and Gubbins, 2019; Car-
doso de Oliveira et al., 2019; Yeoman and Santos, 
2019). Accordingly, the notion of network governance 
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underscores the role of informal social exchange sys-
tems together with the hierarchical structures within 
firms and formal contractual relationships between 
them, to coordinate the supply chain activities (Ahi 
and Searcy, 2013; Czakon, 2012; Jones et al., 1997). In 
other words, network governance encompasses the 
set of instruments to coordinate participating organ-
isations and deliver certain outcomes (Grandori and 
Soda, 1995; Dyer and Singh, 1998). In our study, we 
seek to investigate whether network governance 
affects the value of relational benefits and the overall 
supply chain performance, as compared to the non-
network based, distinct governance mechanisms. The 
goal of our research is twofold. First, it aims to reveal 
the basic modes of governance run by the manufac-
turer across the examined triadic supply chains. Sec-
ondly, the paper compares the groups of triadic 
supply chains, applying certain modes of governance, 
including network governance, in terms of the rela-
tional benefits and supply chain performance. 

Our study makes two general contributions to 
the supply chain theory and practice. First, it simulta-
neously investigates three mechanisms of governance: 
market, hierarchy and clan in supply chains. Though 
the extant studies consider this issue, they do not take 
the full advantage of investigating the co-existence of 
the three mechanisms of governance. On the con-
trary, they mostly considered only two out of three 
mechanisms, and this does not contribute to drawing 
a full picture of governance in supply chains (Brad-
ach, 1997; Cannon et al., 2000). Likewise, there is  
a paucity of research investigating the triadic struc-
tures of supply chains. The previous studies most 
often referred to the “ego-perspective” by examining 
the focal actor orchestrating the supply chain, thus 
omitting the perspective of other partners establish-
ing this structure. Consequently, to challenge this 
issue, our study is conducted within the triadic con-
text and investigates three subsequent actors (sup-
plier–manufacturer–customer), forming the basic 
structure of a supply chain. 

The paper consists of several parts. Following the 
introduction, the literature review offers the theoreti-
cal framework for the research methodology. Next, 
the findings of the analysis are presented, followed by 
the discussion and conclusions of the research. 

1. Literature review

From the classical perspective of the Relational 
Contracting Theory and Transaction Cost Analysis 

(TCA), governance is viewed as the choice between 
market and hierarchy (Williamson, 1985). Market 
constructs revolve around contractual relationships 
over property rights. A market construct involves 
relationships mediated by a price mechanism and 
provides a high degree of flexibility to the companies 
in determining their willingness to form supply 
chains. Essentially, the market construct argues that 
companies prefer to be independent and will choose 
to collaborate only when they see particular advan-
tages to themselves (Powell, 1990). In other words, 
this form of governance resembles new market-based 
relationships, characterised by arm’s-length ties, 
deprived of both personal bonds and any form of 
central coordination of activities (Baker, 1990). The 
hierarchical construct of governance is positioned on 
the opposite side of the continuum. It is supposed to 
overcome the problems of non-engaged and loose 
relationships typical of market governance. Therefore, 
the construct of hierarchy emphasises a necessity to 
impose a supervisory structure and apply bureau-
cratic routines. It specifically refers to the level of 
control determined by explicit rules, procedures and 
standards that establish the rights and obligations of 
actors in supply chains (Choi and Hong, 2002). In 
this way, hierarchy assumes that the companies are 
more engaged in the established and committed long-
lasting relationships (Lowndes and Skelcher, 1998; 
Pilbeam et al., 2012). However, on the other hand, it 
may reduce flexibility and innovation due to the 
higher level of formalisation and centralisation of 
power (Powell, 1991). 

Beyond the recognition of market and hierarchy 
as a mutually exhaustive bipolar framework of gover-
nance, there have been numerous attempts to develop 
alternatives or supplement the existing model with 
other characteristics (Uzzi, 1996). Subsequent debates 
enabled to develop one of the most widely accepted 
approaches, which added a third construct of network 
governance to this bilateral framework (Coleman, 
1988). In time, a discussion unfolded as to whether 
network governance was simply a combination of 
market and hierarchy constructs, or whether it would 
be better understood as a unique form of governance. 
In early works, network governance had been framed 
as a form combining the tenets of both market and 
hierarchy and positioned somewhere in the middle of 
the continuum between these two extreme forms of 
governance (Thorelli, 1986). In other words, the gap 
between market and hierarchy was filled with this 
third form of governance. Nonetheless, the current 
view usually acknowledges that a network is a dis-
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tinct, non-market and non-hierarchical, and, thus 
not an intermediate form of governance, possessing 
complementary, multi-relational and reciprocal char-
acteristics (Powell, 1990; Tachizawa and Wong, 2015). 
Th e current understanding of network governance 
highlights that purely economic exchanges may be 
shaped by social capital which is a tacit resource 
attainable by individual actors through the networks 
of relationships (Whipple et al., 2015). In other words, 
social capital creates opportunities for economic 
exchanges of goods which are diffi  cult to price and 
enforce contractually (Uzzi, 1996). Th erefore, the 
particular form of network governance will be, at 
least, partially anchored in the discretion of supply 
chain decision-makers, based on managers’ previous 
experience, perception capability, mimicry, personal 
attitude (Provan and Kenis, 2007), professional back-
ground, opportunism, ambiguity, information acces-
sibility etc. In light of the above, market and hierarchy 
are supplemented with clan structures, where all 
members of the transactional network share the 
social norms of the particular group (Dorsey, 2014). 
A clan as a distinct mode of governance has been 
found to have benefi ts relative to other — market and 
hierarchical — governance structures (Lund, 2003). 
A clan highlights a team-centred approach, establish-
ing respectful relationships among the supply chain 
partners. Consequently, it encourages a win-win situ-
ation to the members in the supply chain (Sambasivan 
and Ching, 2010). Consequently, we consider net-
work governance as a mechanism whose sine qua 
non is constituted by the simultaneous presence of all 
three modes, namely, market, hierarchy and clan.

As depicted in Fig. 1, network encompasses three 
distinct modes, i.e., market, hierarchy and clan, which 
form diverse confi gurations of governance (Th omp-
son et al., 1991). In this vein, Heide (1994) compared 
network governance to a plural system established 
indirectly by means of “bringing the governance 
properties of one form to bear on another”. Hence the 

Fig. 1. Network as a plural form of governance

Source: (Czakon, 2012).

Fig. 2. Scree plots within two groups of variables (left for the upstream dyad, right for the downstream dyad)

Fig. 3. Agglomeration schedule coefficients 
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Fig. 1. Network as a plural form of governance 
Source: (Czakon, 2012).

following hypothesis: H1: Triadic supply chains sig-
nifi cantly diff erentiate in terms of the modes of gov-
ernance.

We argue that establishing network governance 
favours generating relational benefi ts that are not 
obtained by defeating another company (Zacharia et 
al., 2009; Bowersox et al., 2003). On the contrary, the 
relational benefi ts refer to the win-win situation 
where the multiple supply chain actors are winners 
(Dyer and Nobeoka, 2000; Joshi and Campbell, 2003). 
However, though relational benefi ts highlight the 
signifi cance of reciprocal relationships and symmetri-
cal exchange of the resources between two fi rms, it is 
still anchored in bilateral arrangements established 
between dyads. Th erefore, despite its novelty, to make 
the full use of the relational approach in supply 
chains, there is a need to look beyond the dyad (Kan-
nan and Tan, 2010; O’Leary-Kelly and Flores, 2002; 
Frohlich and Westbrook, 2001). Wasserman and 
Faust (1994) argue that a dyadic perspective cannot 
fully explain relational behaviours of two fi rms in the 
network. In other words, the companies in supply 
chains establish relationships not only with each 
other but also with the same third parties. Conse-
quently, many companies are linked indirectly by 
third parties (Granovetter, 1985; Granovetter, 1992). 
Th erefore, a triad — which is the smallest unit of 
network (Choi and Wu, 2009) — the next logical step 
aft er having studied dyadic relationships. In the opin-
ion of Dubois and Fredriksson (2008), the existence 
of three actors linked to one another through three 
connected relationships is a starting point for the 
analysis of triads. In our study, we investigate the tri-
ads taking the form of triadic supply chains with the 
manufacturer as a focal actor located in the middle 
between the supplier and the customer. 

In light of the above, moving the level of analysis 
from dyadic to triadic structures is an important step 
towards considering the more complex dynamics of 
supply networks (Wilhelm, 2011). In the same vein, 
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Lamming et al. (2000) posit that the articulation of 
supply networks, as an extension of supply chains, 
seeks to accommodate and explain the complexity 
associated with the creation and delivery of goods 
and services from the source of raw materials to their 
destination in end-customer markets. Consequently, 
a triadic research perspective becomes imperative to 
further comprehend network dynamics in supply 
chains (Choi and Wu, 2009) and is instrumental 
when investigating their relational benefits (Colotla 
et al., 2003).

The notion of relational benefits underscores the 
necessity of rejecting the short-sighted way of per-
ceiving advantages as a temporary profit, with the 
supply chain leader being the only beneficiary, fre-
quently at the expense of other partners. Instead, the 
relational benefits call for covering the aspirations 
and goals of all companies involved in achieving and 
sustaining advantages. Thus, we assume that the 
intensity of leveraging external resources among 
companies may lead to perceived inequity in the 
short term, but in the long run, it may have a positive 
effect on the strength of relational benefits with the 
triadic supply chains. This brings us to the following 
hypothesis:  H2:	  Triadic supply chains that follow 
the network governance mode consider their supply 
chain performance to be significantly higher in com-
parison to the supply chains that do not run this type 
of governance mechanism.

2. Methodology

2.1. Sample and Research Instrument

The process of data gathering spanned over five 
months from December 2018 through May 2019, and 
consisted of several stages, adapted from Wu et al. 
(2010). Generally, we used a multiple-respondent 
approach to collect data for the study. To gather data 
from all three actors of the triadic supply chain, we 
combined methods based on probability and non-
probability sampling. The method of stratified sam-
pling was firstly applied to obtain information from 
the manufacturers (small, medium and large), while 
the snowball sample method was employed to collect 
data from the suppliers and the customers. In the first 
stage of the data collection process, a sample of 98 
Polish manufacturers was targeted. Out of this num-
ber, a group of ten companies refused to fill in the 
questionnaire maintaining that their suppliers or 
customers would not be willing to participate in this 

research. Likewise, a large group of 50 manufacturers 
encountered problems with a negative attitude of 
suppliers or customers towards the questionnaire. 
Finally, a group of four manufacturers managed to 
encourage their suppliers and customers to partici-
pate in the survey; however, after receiving the ques-
tionnaire, they refused to take part in the research. 
Consequently, the study investigated the remaining 
number of 34 triads that established a simultaneous 
relationship with both a supplier and a customer.

The structure of the survey questionnaire was 
adapted to certain groups of respondents — actors 
playing different roles in the examined triadic supply 
chains. Accordingly, depending on the function 
served in the triad, each responding company 
answered a specific set of questions. Due to its central 
location, the manufacturer answered the questions 
concerning different modes of governance in the 
upstream and downstream dyad (categories 4–6 in 
Appendix A) and the relational benefits separately for 
both dyads — one formed with its supplier, and the 
other one established with its customer (category 1 in 
Appendix A). The other two groups of triad actors, 
the suppliers and the customers, answered the ques-
tions concerning governance and the relational ben-
efits yielded in a certain dyad formed with the 
manufacturer — categories 1 and 4–6 (Appendix A), 
respectively. In addition, the group of customers was 
asked to answer the questions concerning the cus-
tomer-focused performance to measure customer 
satisfaction derived from the service offered by the 
triadic supply chain (category 3 in Appendix A). 

2.2. Measures 

This study measured all items on a five-point 
Likert scale. Based on the prior studies, five indicators 
were identified demonstrating the extent, to which 
both parties in the particular dyad generated recipro-
cal effects (Salas et al., 2015; Kim and Choi, 2015; 
Whipple et al., 2015; Carter et al., 2017). The obtained 
responses from both actors in a dyad were then cap-
tured as averaged scores indicating the relational 
performance of upstream (supplier–manufacturer) 
and downstream (manufacturer–customer) dyads. 
To demonstrate the supply chain performance,  
we applied six opinion-based measures dealing with 
customer-focused performance. It allowed to capture 
the role of the market as the ultimate mechanism for 
determining supply-chain performance. This group 
covers issues connected with quality performance, 
delivery and flexibility performance, such as respon-
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siveness to customer requests or unexpected chal-
lenges, on-time delivery, delivery reliability, accuracy 
(Gligor and Holcomb, 2012). Finally, we used three 
groups of measures to indicate the price mechanism, 
hierarchical structures and clan. Building upon previ-
ous research, we identifi ed a set of fi ve indicators 
demonstrating the price mechanism anchored in the 
market form of governance (Noordewier et al., 1990; 
Wang, 2002; Mirkovski et al., 2016), a group of six 
indicators manifesting hierarchy (Eccles et al., 1992; 
Grant, 1996; Jones et al., 1997; Ashenbaum et al., 
2009) and a class of four indicators refl ecting a clan 
(Mesquita et al., 2008; Liu et al., 2009). 

2.3. Research Methods

To investigate the relationship between network 
governance and supply-chain performance, a statisti-
cal analysis has been performed. In the fi rst step, the 
variables indicating certain modes of network gover-
nance, the relational benefi ts and the supply chain 
performance were reduced using the Principal Com-
ponent Analysis (PCA) with Varimax Rotation to 
highlight the main underlying multi-item orthogonal 
constructs. In the second step, the factor scores 
obtained using the PCA were used as criteria for clas-
sifying the sample into homogenous groups. As 
a classifi cation method, we used a cluster analysis 
with a two-step approach recommended by Ketchen 
and Shook (1996). Accordingly, we used hierarchical 
cluster analysis to determine the number of clusters, 
followed by K-means cluster analysis to perform 
a group profi ling and make necessary comparisons of 
the obtained clusters.

To identify the basic modes of governance in the 
investigated supply chains, the PCA was initially car-
ried out in two groups of 15 variables each, which 
manifested network governance of both upstream 
and downstream dyads. Th e inspection of anti-image 
correlation matrix in the fi rst group of variables 
resulted in eliminating one item, whose measure of 

individual sampling adequacy was below the nominal 
cut-off  point of 0.5. In addition, one variable was 
dropped for its moderate exploratory relevance, as 
indicated by the factor loading that did not exceed 0.6 
(Kline, 1994). In the second group, all variables were 
accepted for further analysis demonstrating satisfy-
ing values of individual sampling adequacy and factor 
loadings. Based on the analysis of the scree plot (Fig. 
2) and eigenvalues of least 1 for each factor, the analy-
sis showed a clean factor-loading pattern with mini-
mal cross-loadings, and high loading on the one 
construct.

Th e results of PCA for both variables revealed 
a four-factorial solution, covering a total of 13 vari-
ables in the fi rst group and 15 variables analysed in the 
second group, respectively (Tab. 1). In the group of 
variables manifesting network governance of the 
upstream dyad, one may enumerate the following four 
constructs: two constructs of hierarchical governance 
(HUD1 and HUD2), market governance (MUD) and 
a clan (CUD). None of the two constructs of hierar-
chical governance is entirely pure in terms of the 
modes of governance, as they consist of one variable 
initially qualifi ed as the one characterising market 
mode of governance (HUD1), and a clan (HUD2). In 
the group of variables manifesting the network gover-
nance of a downstream dyad, PCA produced the fol-
lowing four constructs: market–clan governance 
(M-C_DD), two constructs of hierarchical governance 
(HDD1 and HDD2), and market governance (MDD). 
Similar to the previous analysis, the same variable 
indicating the market governance was classifi ed into 
hierarchical governance (HDD1). Interestingly, most 
variables manifesting clan and market governance 
were qualifi ed to the same construct (M-C_DD). Th is 
probably stems from the fact that these two sets of 
variables go hand-in-hand. More specifi cally, the 
autonomy off ered by market governance favours the 
development of unconstrained social bonds among 
the companies in the investigated supply chains.

Fig. 1. Network as a plural form of governance

Source: (Czakon, 2012).

Fig. 2. Scree plots within two groups of variables (left for the upstream dyad, right for the downstream dyad)

Fig. 3. Agglomeration schedule coefficients 

Hierarchical governance
Organisational integration
Bureaucratic resource allocation
Structures and control systems

Market governance
Price
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Bilateral contract safeguard

Social governance (Clan)
Trust
Enriched information exchange
Social norms

Network governance
Efficiency of value creation
Efficiency of value sharing 

Fig. 2. Scree plots within two groups of variables (left  for the upstream dyad, right for the downstream dyad) 
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The rotation of PCA was converged in seven and 
six iterations for the first and second group, respec-
tively. Likewise, the obtained factors explain 79.06, 
79.05 percent of the total variance in the first and 
second groups of variables, respectively, which is an 
excellent result. To check the internal consistency of 
extracted constructs, we calculated the Cronbach’s 
alpha coefficients which indicated satisfying level of 
at least 0.7 for each construct. 

Apart from the factors manifesting the modes of 
governance, we also used the PCA with Varimax 
Rotation to extract the underlying factors of relational 
benefits and supply-chain performance. They were 
employed to make a profile of the investigated supply 
chains. The analysis performed in the space of two 
sets of variables manifesting the relational benefits of 
upstream and downstream dyads showed a clear pat-
tern of a two-factorial solution with the factor load-
ings above 0.6 and a measure of individual sampling 
adequacy, derived from the anti-image matrices, 
above the nominal cut-off point of 0.5. The first con-
struct was composed of variables indicating the rela-
tional benefits of the upstream dyad, while the second 
one embraced the variables of the relational benefits 
of the downstream dyad. Similarly, the PCA con-
ducted in the space of variables manifesting the sup-
ply chain performance produced a one-factorial 
solution with loadings exceeding 0.6, individual 

sampling adequacy above 0.7, and a high value of 
total variance explained (82.9 percent).

The factor scores for network governance, 
obtained from the PCA, were applied in the second 
step of the analysis as clustering criteria to split the 
sample. At first, to determine the number of clusters, 
hierarchical cluster analysis with Ward’s partitioning 
method and squared Euclidean distance were per-
formed. The Ward’s method attempted to minimise 
the sum of squares of any hypothetical clusters, which 
can be formed at each step. To determine the optimal 
number of groups, we used a dendrogram to display 
dissimilarity levels between clusters. The heights of 
the links represent the distance, at which each fusion 
was made, such that a greater dissimilarity between 
the objects indicated a greater distance between them 
and a taller link (Montalbano and Nenci, 2014). The 
optimal number of groups was derived by comparing 
the coefficients in the agglomeration schedule, Fig. 3, 
recommended as one of stopping rules (Everitt et al., 
2001). As depicted in Fig. 3, the highest difference 
between the coefficients can be observed when two 
clusters are derived; however, as we intended to con-
duct a more in-depth analysis, a higher number of 
clusters was required. Ultimately, as a result of hierar-
chical cluster analysis for further investigation, we 
decided to apply three clusters, as this solution indi-
cates the second-highest difference in the values of 
coefficients. 

Tab. 1. Rotated Component Matrices (left for the upstream dyad, right for the downstream dyad)

Component

HUD1 HUD2 MUD CUD

MUD_1 0.896

MUD_2 0.715

MUD_4 0.805

MUD_5 0.870

HUD_1 0.856

HUD_2 0.790

HUD_3 0.774

HUD_4 0.716

HUD_5 0.827

HUD_6 0.867

CUD_1 0.791

CUD_2 0.781

CUD_3 0.819

Component

M-C_DD HDD1 HDD2 MDD

MDD_1 0.895

MDD_2 0.778

MDD_3 0.756

MDD_4 0.842

MDD_5 0.802

HDD_1 0.853

HDD_2 0.910

HDD_3 0.611

HDD_4 0.856

HDD_5 0.848

HDD_6 0.849

CDD_1 0.749

CDD_2 0.659

CDD_3 0.891

CDD_4 0.930
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Th ree clusters were used to carry out K-means 
cluster analysis to assign each case to the appropriate 
cluster. Th e criterion of the cluster membership was 
the minimal Euclidean distance between each case 
and the classifi cation centre represented by a centroid 
(cluster centre). To additionally validate the obtained 
results of clustering, the outcome of K-means cluster 
analysis was compared with the class assignment 
obtained from the hierarchical cluster analysis. Based 
on the results of two partition methods, the contin-
gency table was constructed, and the Rand index was 
calculated (Tab. 2).

Th e measure of agreement showed that 74.8 per-
cent pairs of objects are placed in the same class. It 
means a high level of agreement and confi rms the 
correct choice of K-means cluster analysis as the lead-
ing clustering method (Krieger and Green, 1999). Th e 
obtained clusters contain a diverse share of the 
research sample. Cluster 1 includes 26 percent of the 
sample; cluster 2 consists of roughly 56 percent, while 
cluster 3 covers 18 percent of the sample.

Fig. 1. Network as a plural form of governance

Source: (Czakon, 2012).

Fig. 2. Scree plots within two groups of variables (left for the upstream dyad, right for the downstream dyad)

Fig. 3. Agglomeration schedule coefficients 
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Social norms
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Efficiency of value sharing 

Fig. 3. Agglomerati on schedule coeffi  cients 

3. Research results and 
discussion

As demonstrated by the study, it is diffi  cult to 
unequivocally reveal pure mechanisms of gover-
nance, undistorted by the infl uence of other distinct 
modes. For instance, the same two variables, typical 
for market governance (Market_5) belong to hierar-
chical governance in both upstream and downstream 
dyads. It may partially stem from the fact that this 
variable (“my company keeps reminding our partner 
that it can be easily replaced if it does not off er good 
deals”), can be either successfully qualifi ed as the 
indicator of hierarchy. Likewise, in the case of gover-
nance applied in the upstream dyad, one variable 
typical for clans was included in the hierarchical 
mode of governance. Th e obtained fi nding extends 
the study of Bradach and Eccles (1991) who alluded 
that the constructs of market, hierarchy and social 
capital are not sole ideal types; quite the contrary, 

Tab. 2. Conti ngency table

K-means  Cluster Analysis
Total

Clusters 1 2 3

Hierarchical Cluster
 Analysis

1 11 12 0 23

2 0 5 2 7

3 0 0 4 4

Total 11 17 6 34
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they are intertwined and combined in various ways. 
Also, it is worth noting that the modes of governance 
tend to overlap across the dyads. Most oft en, there are 
at least two of them combined in each dyad. Th is 
fi nding is also confi rmed by Lowndes and Skelcher 
(1998) who argued that in reality, a set of organisa-
tional arrangements is oft en associated with a variety 
of governance modes. At times, they might be similar 
in the triadic supply chains because the manufacturer, 
as a focal company, can transfer some experiences 
derived from one dyad (e.g. upstream) into another 
dyad (e.g. downstream). To determine statistically 
signifi cant diff erences in the latent variable scores 
between the three group, the Kruskal Wallis H test 
was used. It allowed to compare the governance 
mechanisms across three clusters and validate their 
signifi cance (Tab. 3).

As depicted in Tab. 3, two out of eight constructs 
(i.e. CUD and HDD1) turned out to be insignifi cant 
at p <0.05. Consequently, we eliminated these two 
constructs from further analysis. Fig. 4 depicts the 
fi nal cluster centres obtained from the network gov-
ernance constructs. Th e remaining set of six con-
structs of governance mechanisms in the upstream 
and downstream dyads signifi cantly diff erentiate 
three clusters. In the light of the obtained fi ndings, we 

argue that in the case of the investigated supply 
chains, the hierarchical mode of governance prevails 
in both dyads. Specifi cally, two constructs of hierar-
chy were extracted in both dyads, while clan, if 
extracted as a sole construct, is insignifi cant or com-
bined with the market mechanism. Th is clearly shows 
that control and hierarchy still dominate in shaping 
the relationships in the examined organisations. Th e 
obtained clusters can be then characterized in terms 
of the intensity of the modes of governance. In clus-
ters 1 and 3, one may observe a signifi cant diff erence 
between the modes of governance demonstrated in 
both upstream and downstream dyads. More specifi -
cally, cluster 1 indicates a moderate level of hierarchy 
and market in the upstream dyad and a strong market 
level in the downstream dyad. On the other hand, 
cluster 3 demonstrates a strong hierarchy and market 
in the upstream dyad and a strong hierarchy, market 
and a clan in the upstream dyad.

Cluster 2 highlights a moderate level of hierarchy 
in both dyads. Consequently, we consider the triadic 
supply chains in cluster 1 to particularly run market 
governance, the supply chain in cluster 2 to apply low 
hierarchy governance, and, fi nally, the organisations 
in cluster 3 to use network governance, due to the 
presence of all three modes of governance. In light of 

Fig. 4. Characteristics of clusters regarding the intensity of network governance
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Fig. 4. Characteristi cs of clusters regarding the intensity of network governance 

Tab. 3. Kruskal-Wallis H Test for the network governance constructs in three clusters

HUD1 HUD2 MUD CUD M-C_DD HDD1 HDD2 MDD

Kruskal-Wallis H 6.490 15.305 14.183 5.368 10.805 2.965 8.185 17.475

df 2 2 2 2 2 2 2 2

Asymp. Sig. 0.039 0.000 0.001 0.068 0.005 0.227 0.017 0.000
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the above, the study lends support to H1 by showing 
that the triadic supply chains significantly differenti-
ate in terms of the modes of governance at p < 0.05. 
Further on, we tested whether the investigated supply 
chains with network governance gained higher sup-
ply chain performance. First, we conducted the 
Mann-Whitney U tests to make necessary compari-
sons across three clusters in terms of relational bene-
fits yielded by each dyad (Tab. 4).

Tab. 4 shows that the cluster of supply chains 
running market governance and low hierarchical 
governance do not significantly differentiate in terms 
of relational benefits, yielded both in the upstream 
and downstream dyads. Interestingly, the third cluster 
of supply chains that applies network governance 
demonstrates significant differences (at p < 0.01) as 
compared to the remaining two groups. Specifically, 
the triadic supply chains with network governance 
produced significantly higher mean ranks of 13.67 
and 14.00 as compared to the group applying market 
governance in the upstream and downstream dyads, 
respectively. Similarly, a comparison between two 
clusters — one gathering the supply chains with net-
work governance and the other one including the 
organisations running low hierarchical governance 
— demonstrates that the first class indicates more 
positive attitude towards relational benefits (mean 
ranks of 18.83 and 19.17 in the upstream and down-
stream dyads, respectively) as compared to the latter 
group (Tab. 5).

Consequently, incorporating clan as a social 
mechanism of governance with the market and hier-
archical coordination systems results in increasing 
the relational benefits for both dyads in the triadic 
supply chains. In this vein, our study complements 
the findings of Capaldo (2014) who investigated the 
extent of knowledge benefits produced by the net-
work governance mechanism. Finally, together with 
the relational benefits yielded in dyads, we also tested 
whether the clusters of triadic supply chains signifi-
cantly differentiated in reference to the overall supply-
chain performance. In general, the results of 
Kruskal-Wallis test statistics showed that the value of 
supply chain performance significantly differentiated 
all three clusters (at p < 0.01, Tab. 6).

More notably, an in-depth comparison of each 
pair of two clusters was obtained using the Mann-
Whitney U tests. The results showed that the cluster 
applying market governance as well as the group 
implementing low hierarchical governance did not 
significantly differentiate in terms of the supply-chain 
performance (at p < 0.05, Tab. 7).

Nonetheless, the third cluster, gathering the tri-
adic supply chains with network governance, signifi-
cantly differs from two other groups: at the 
significance level p < 0.003 for the group running 
market governance and at p < 0.002 for the class with 
low hierarchical governance. As depicted in Tab. 8, 
the study demonstrates higher ranks of 13.83 and 
19.33 for the performance in supply chains with net-

Tab. 4. Mann-Whitney U test statistics for clusters

Cluster Relational benefits                        
in the upstream dyad

Relational benefits                              
in the downstream 

dyad

Market governance 
-     Low hierarchical 
governance

Mann-Whitney U 80.000 67.000

Wilcoxon W 146.000 133.000

Z -0.635 -1.247

Asymp. Sig. (2-tailed) 0.525 0.212

Market governance - 
Network governance

Mann-Whitney U 5.000 3.000

Wilcoxon W 71.000 69.000

Z -2.814 -3.017

Asymp. Sig. (2-tailed) 0.005 0.003

Low hierarchical gov-
ernance - Network 
governance

Mann-Whitney U 10.000 8.000

Wilcoxon W 163.000 161.000

Z -2.871 -3.011

Asymp. Sig. (2-tailed) 0.004 0.003
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Tab. 5. Mann-Whitney U test ranks for clusters

Cluster N Mean Rank Sum of Ranks

Relational benefits 
in the upstream 

dyad

Market governance 11 13.27 146.00

Low hierarchical governance 17 15.29 260.00

Total 28

Relational benefits 
in the downstream 

dyad

Market governance 11 12.09 133.00

Low hierarchical governance 17 16.06 273.00

Total 28

Relational benefits 
in the upstream 

dyad

Market governance 11 6.45 71.00

Network governance 6 13.67 82.00

Total 17

Relational benefits 
in the downstream 

dyad

Market governance 11 6.27 69.00

Network governance 6 14.00 84.00

Total 17

Relational benefits 
in the upstream 

dyad

Low hierarchical governance 17 9.59 163.00

Network governance 6 18.83 113.00

Total 23

Relational benefits 
in the downstream 

dyad

Low hierarchical governance 17 9.47 161.00

Network governance 6 19.17 115.00

Total 23

Tab. 6. Kruskal-Wallis Test Statistics for three clusters

  Supply Chain 
Performance

Kruskal-Wallis H 11.203

df 2

Asymp. Sig. 0.004

Tab. 7. Mann-Whitney U test statistics for clusters

Cluster
 

Supply Chain Perfor-
mance

Market governance -      
Low hierarchical governance

Mann-Whitney U 79.000

Wilcoxon W 232.000

Z -0.683

Asymp. Sig. (2-tailed) 0.494

Market governance -  
Network governance

Mann-Whitney U 4.000

Wilcoxon W 70.000

Z -2.922

Asymp. Sig. (2-tailed) 0.003

Low hierarchical governance - 
Network governance

Mann-Whitney U 7.000

Wilcoxon W 160.000

Z -3.081

Asymp. Sig. (2-tailed) 0.002

  Cluster N Mean Rank

Supply Chain  
Performance

Market governance 11 16.18

Low hierarchical governance 17 14.06

Network governance 6 29.67

Total 34  
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work governance, as compared to the clusters run-
ning market governance and low hierarchical 
governance, respectively. This may suggest that sig-
nificantly higher performance is produced in the tri-
adic supply chains running network governance. In 
light of the above, the obtained findings lend support 
to H2. In line with the results, the triadic supply 
chains, which follow network governance, consider 
the supply chain performance to be significantly 
higher in comparison to the supply chains that do not 
run this type of governance mechanism.

Conclusions 

This study firstly aimed to test whether the triadic 
supply chains significantly differentiated in terms of 
the modes of governance. The analysis of the relation-
ship between network governance and the supply 
chain performance produced especially interesting 
outcomes. Specifically, we conclude that it is difficult 
to unequivocally reveal the pure mechanisms of gov-
ernance, undistorted by the influence of other distinct 
modes. Consequently, the examined modes of gover-
nance tend to overlap across the dyads. Most often, as 
demonstrated in our study, there are at least two of 
them combined in each dyad. Regarding the specific 
content of governance mechanisms, we argue that in 
the case of the investigated supply chains, the hierar-
chical mode of governance prevails over the remain-
ing two in both dyads. Likewise, we also posit that the 
mechanisms of governance might be similar across 
both dyads in the triadic supply chains, as the manu-
facturer, being the focal company, can transfer some 
experiences derived from one dyad (e.g. upstream) to 
another dyad (e.g. downstream). 

Secondly, we sought to examine whether the tri-
adic supply chains that followed network governance 
considered their supply chain performance to be sig-
nificantly higher in comparison to the supply chains 
that did not run this type of governance mechanism. 
As depicted in our research, incorporating a clan as  
a social mechanism of governance with the market 
and hierarchical coordination systems resulted in 
increasing the relational benefits for both dyads in the 
triadic supply chains. The obtained findings also 
showed that together with the relational benefits 
yielded in dyads, the clusters of triadic supply chains 
significantly differentiated in reference to the overall 
supply chain performance. More specifically, we 
concluded that significantly higher performance was 
yielded in the triadic supply chains running network 
governance. In other words, the triadic supply chains, 
which apply network governance, consider their sup-
ply chain performance to be significantly higher in 
comparison to the supply chains that do not run this 
type of governance mechanism.

The findings obtained in the study contribute to 
the theory and practice of supply-chain management. 
Firstly, the research showed that it is difficult to 
unequivocally reveal the pure mechanisms of gover-
nance, undistorted by the influence of other distinct 
modes in the triadic supply chains. On the contrary, 
they are more or less influenced by the other modes 
of governance distinguished in the literature. Like-
wise, it is also important to highlight that the mecha-
nism of governance is inseparably bound with the 
certain dyadic relationship established between two 
actors in the wider structure of supply chains. Conse-
quently, in the triadic structure of supply chains, 
composed of two dyads, one may distinguish two 
relatively distinct modes of governance, while one 
sole mechanism of governance that dominates over 

Tab. 8. Mann-Whitney U test ranks for clusters

Cluster N Mean Rank Sum  
of Ranks

Supply Chain 
Performance

Market governance 11 15.82 174.00

Low hierarchical governance 17 13.65 232.00

Total 28    

Market governance 11 6.36 70.00

Network governance 6 13.83 83.00

Total 17    

Low hierarchical governance 17 9.41 160.00

Network governance 6 19.33 116.00

Total 23    
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the others cannot be distinguished. Quite the oppo-
site, at times, in case of triadic supply chains, the 
mechanisms can become similar, as they are usually 
orchestrated by the same focal company, in our study, 
the manufacturer. Nevertheless, among all three 
modes of governance, hierarchy seems to play the 
most important role in coordinating the supply chain 
activities. Understandably, the study showed that 
incorporating a clan as a social mechanism of gover-
nance, together with market and hierarchical, results 
in increasing the relational benefits for both dyads in 
the triadic supply chains. Our research also found 
that higher performance can be obtained in the tri-
adic supply chains that run network governance as 
compared to other modes of governance.
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