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Development of enterprise reputation management
in the sphere of medical services

Maryna Martynenko’, Anastasiia Martynenko

Simon Kuznets Kharkiv National University of Economics
61166, 9A Nauka Ave., Kharkiv, Ukraine

Abstract. Topicality of the theme is determined by the increased role and influence of patients on the formation of
the reputation of healthcare organisations in the conditions of active use of social networks by patients as a source of
information when choosing a doctor. The purpose of the article was to identify the specificity and stages of the process
of development of enterprise reputation management in the sphere of medical services. In the process of achieving
this purpose there were used such scientific research methods as logic generalisation, comparative analysis, synthesis,
graphical method as well. For gathering the feedback from the patients, the survey method based on quantitative analysis
of responses and net promoter score was used. The specifics of medical services and their types were substantiated as
the main results of the research, as well as elements that determine the value of medical services for the consumers.
The features and trends of reputation management in the field of medical services have been considered and the stages
of the process of development of reputation management of the healthcare organisation have been substantiated. As
a result of the propositions, considered in the article, it has become possible to solve the reputational contradictions
at enterprises in the field of medical services. With the purpose of improving reputational management the algorithm
for the application of Search engine reputation management technology elements was developed for the work with
consumers’ feedback. Practical meaning of the results is in increasing the effectiveness of reputational management
and its development due to the implementation of elaborated algorithm into the process of everyday work with clients
of healthcare organisation. It can be the basis for planning changes in business processes and operational management
as well as for optimisation of the use of resources

Keywords: healthcare organisations; marketing in medicine; proceeding claims; specificity; consumer feedback
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¢ INTRODUCTION

In today’s difficult economic environment, enterprises
face the need to adapt to changes quickly and flexibly in
both internal and external environments. In the work [1]
it is said that the economic crisis, caused by the global
coronavirus pandemic in 2020-2021, highlighted the
need to find new ways to communicate with consumers,
and hence the importance of development of enterprises
reputation management. Today, health care has a special
role among the most important sectors of the economy.
On the one hand, the state of health and working capac-
ity of the population, the ability to provide employment
for many groups of workers, the situation on the labor
market, etc., depend on its effective functioning. On the
other hand, the results of the medical enterprises func-
tioning depend on their reputation. This determines the

topicality of the development of reputation management
at healthcare enterprises.

To form and maintain a reputation in this area, in a
saturated market, it is not enough to develop a new qual-
ity product, set an optimal price for it and choose effec-
tive distribution channels. It is important to be able to
resolve problems and contradictions faced by consum-
ers, employees, partners, stakeholders, as well as inter-
nal contradictions in the enterprise. The main sign of
development is the solution of contradictions. In the re-
search [2] the authors described that the development of
reputation management at healthcare enterprises means
solving the contradictions associated with the formation
of its reputation among consumers and stakeholders, as
well as among its own employees. In this study, special
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attention is paid to those problems of the development
of reputation management, which are related to solving
contradiction in interaction with consumers. Examples of
such contradictions are as follows: the high level of trust
of patients to the brand of the clinic, but their dissatisfac-
tion with the specific doctors of this clinic; the presence
of a significant number of primary patients and spending
of significant resources for their care. But there is insuf-
ficient number of regular consumers and the need to re-
distribute available resources and other contradictions. If
reputation management solves these and similar contra-
dictions, it can be considered as its development.

Reputation management is becoming an important
component of management in various areas of modern
business. Reputation can be considered as a type of in-
tangible assets of the enterprise. The development of rep-
utation management at healthcare enterprises is closely
connected with the communication policy of these enter-
prises. In the research [3] it is said that the leading role
belongs not only to marketers, but also to call center em-
ployees, administrators, sales department, and, above all,
to the doctors. These categories of staff are in direct con-
tact with consumers. An important problem of the devel-
opment of reputation management is the understanding
of the fact that the presence of negative consumer feed-
back is normal. The main condition for the development of
a positive reputation is effective work with such feedback.

Reputation management of the enterprise will be suc-
cessfully formed and developed if the manager has enough
information about the features of the company’s services.
Enterprises in the field of medical services have certain
features in the organisation of management, development
and substantiation of communication policy.

The purpose of the article was to identify the specific-
ity and stages of the process of development of enterprise
reputation management in the sphere of medical services.

To achieve this purpose, the following tasks were
solved: to identify features of medical services; analyse
types of medical services; consider usefulness and value of
medical services; analyse the stages of the process of de-
velopment of enterprise reputation management and also
SERM-technologies when organising the work with con-
sumers’ feedback on the basis of reputation management.

e LITERATURE REVIEW

Reputation management has been the subject of research
by many scholars. K. Campbell considers reputation man-
agement as the “effort to influence what and how stake-
holders think of a brand or person. To a large extent, rep-
utation management seeks to influence people sentiment
by changing what they see during search, social, and other
online interactions. Reputation management can also af-
fect the offline world as well” [1]. O. Gonchar [2] analysed
the reputation management of the enterprise in times of
economic crisis, A. Zaverbnyj, Ju. Lomaga [3] considered the
problems and prospects of formation of reputation manage-
ment by Ukrainian enterprises and organisations in order to
increase their competitiveness, O. Gromova, Ye. Bicheva [4]
studied the methodological foundations of the formation
of enterprise reputation management system. Special at-
tention to the mediating role of hospital reputation in the
effect of doctor reputation on patients’ loyalty is paid in the

work of authors M. Akbolat, A. Amarat, O. Unal [5].]. Ziemba,
S. Arenberg, H. Reustle, M. Allaf, D. Haldeman discovered the
connection between consumers’ perception of hospital rep-
utation and quality of treatment [6]. “Foreign scientists con-
sidered many reasons for necessity to have good reputation.
They declare that online reputation management is critically
important for business. The truth is, having a great reputa-
tion can either make or break a business! Hiring someone to
help you take control of your online image could be exactly
what you need to repair your reputation and reinforce your
brand with positive content and search results for people
to find” [7]. Business reputation management is especially
important for the enterprise which offers medical services.

It is important to pay special attention to the works
in which the issues of development of reputation man-
agement in the medical field are covered. For example,
Z.Ba, Y.C. Zhao, S. Song, Q. Zhu [8] studied the impact of
the clinic’s reputation as a charity and its social capital on
the level of medical crowdfunding, the collection of dona-
tions for health needs and expenses. In the medical field,
the concepts of trust and reputation are very closely linked.
The influence of factors on patients’ choice of physicians
in online consultations, in the context of trust theory, was
studied by Y. Gong, H. Wang, Q. Xia, L. Zheng, Y. Shi [9]. Ap-
proaches to building the online reputation among patients
were considered by L. Kim, D.A. Tylor, K.Y. Chang [10].
S.A. Torabzadeh, R. Tavakkoli-Moghaddam, M. Samiein-
asab, M. Hamid [11] developed an algorithm for assessing
and improving the performance of medical centers based
on trust indicators. A separate guide, which covers issues
of reputation management has been developed for profes-
sionals in the field of psychiatry [12].

In the context of reputational management of enter-
prises that provide medical services J. Chen and Ch. Wang
examined the relationship between hospital ranking and
healthcare spending [13]. These authors studied the influ-
ence of factors such as cost, location and reputation on the
choice of health care provider for mothers and children af-
ter deciding to seek medical care.

Thus, the issue of reputation management is consid-
ered in modern works on both economics and medicine.
However, insufficient attention is paid to the level of med-
ical enterprises, as well as tools for the development of
reputation management in the field of medical services.
Despite the sufficient number of works devoted to the
study of processes of formation and development of rep-
utation management, there are still certain aspects of rep-
utation management that deserve attention of scientists,
which substantiates the relevance of the study.

e MATERIALS AND METHODS

In the process of the research, the theoretical and practical
materials, presented in the scientific works of Ukrainian
and foreign economists, were analysed.

At the first stage of the study the importance of the
development of reputation management for enterprises in
the field of medical services was substantiated. For these
purposes the logical generalisation method was used.

The second stage of the study was devoted to analy-
sis of existing works on reputation management, includ-
ing the field of health services. The method of comparative
analysis was used to prove the insufficient coverage of the

Development Management. 2022. Vol. 20, No. 4
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stages of the process of development of reputation man-
agement in the medical field.

At the third stage, the peculiarities of medical servic-
es that influence the choice of measures for the develop-
ment of reputation management were substantiated. The
theoretical basis was the recognised features of services
that distinguish them from goods. These included insep-
arability from the source, intangibility, inconsistency of
quality, coincidence in time of production and consump-
tion of the service, heterogeneity of services. These fea-
tures were revealed in relation to the specifics of medical
services. Taking into account the peculiarities of medical
services, those elements that create value for the consum-
er were identified. At this stage, the methods of analysis
and synthesis were used.

To distinguish the types of medical services from the
consumer’s point of view, a three-level model of the prod-
uct was used according to Ph. Kotler and G. Armstrong,
who proposed to separate the core product, actual prod-
uct and augmented product [14]. This model provides an
opportunity to understand where joint efforts can create
added value to the product. An important point in the ap-
plication of this model is also the creation of a framework
to increase adaptability, competitiveness and substantia-
tion of product differentiation. Using the method of logical
generalisation and the basic provisions of this model, the
levels of formation of the usefulness of medical services as
a basis for the development of reputation management in
the medical field were developed.

At the fourth stage the peculiarities and trends of de-
velopment of reputation management at the enterprise in
the field of medical services were determined. The method
of analysis and synthesis, the method of comparative anal-
ysis were used for this purpose.

At the fifth stage of the study, the sequence of stag-
es of development of reputation management at the
enterprises of the medical services was developed. The
graphic method was used to visualise these stages. In re-
vealing the essence of the stages, special attention was
paid to work with different types of consumer feedback
and the use of SERM-technologies in the organisation
of work with consumer feedback on the basis of reputa-
tion management. The leading role in determining the
development of reputation management was played by
the method of consumer surveys. This method was the
basis for calculating the NPS index (net promoter score),
which demonstrates the level of consumer loyalty. In the

survey, consumers, who already have experience of inter-
acting with a healthcare company, were asked only one
question: “How likely would you recommend our clinic to
your friends, acquaintances or relatives?”. The question
was scalable, so the survey results were obtained in points
from 0 to 10. The survey was not completely anonymous.
Patients could optionally indicate or not indicate their
contact data. The need to provide the opportunity to indi-
cate their contact data was due to the fact that otherwise
it would be impossible to verify the authenticity of the
complaint and give a response to it. After processing the
survey results, the NPS index was calculated. This index
was an information basis for determining the degree of
consumer loyalty, their desire to make repeat purchases,
positive or negative attitude to the purchase of addition-
al services, willingness to recommend the clinic to their
friends. Therefore, this index was determined by the
method of survey (scale questions), as well as the method
of arithmetic calculation. In general, it reflects the pros-
pects of such a channel for the promotion of medical ser-
vices as “Word of mouth”. This channel of promotion is
one of the most effective in the medical field.

All these methods are designed to improve approaches
to interaction with consumers and improve the reputation
of the enterprise in the field of medical services.

e RESULTS AND DISCUSSION

Reputation for the medical services enterprises and doc-
tors is the main factor influencing the flow of consumers
and the positive perception of the medical brand by po-
tential consumers. Reputation management is a system of
activities aimed at managing a brand’s reputation on the
Internet and beyond.

Reputation management includes SERM - reputation
management in search engines, including working with the
negative comments in the network, creating positive feed-
back, etc., and PR — a set of methods to create and maintain
a positive image of the product/company, long-term com-
munication with consumers and partners [15].

The development of reputation management in the
field of medical services is possible if you understand the
essence of these services and their features.

The specifics of medical services are determined by
certain characteristics that are inherent in all services, as
well as the specifics of health care. Figure 1 shows the fea-
tures of medical services that affect the choice of measures
for the development of reputation management.

Coincidence in the phase of production and
consumption of medical services

Inconsistency of quality

Features of medical services that influence the
development of reputation management

/ Inseparability from the source

V\
v

Intangibility

N

Heterogeneity

Accompanied with the intervention in the body
and the health of the consumer

Figure 1. Features of medical services that influence the choice
of measures for the development of reputation management

Source: compiled by the authors
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The intangibility of medical services makes it im-
possible to demonstrate them to the consumer until the
moment of provision. Moreover, the determination of the
required amount of medical services is strictly individual.
It usually occurs after direct contact between the medical
doctor and the consumer of the medical service, which usu-
ally consists of several stages (conversation with the pa-
tient, visual, instrumental, laboratory examination, etc.).

Despite the coincidence in time of the phase of pro-
duction and consumption of medical services, consumer
participation in the production of medical services is in-
significant compared to other types of services. It is limited
only by their presence, providing the necessary information
and careful implementation of all doctor’s appointments.
While the possibility of influencing the process and qual-
ity of medical care is minimal. The inseparability of the
medical service from its source emphasises the paramount
importance of the qualifications of doctors and other med-
ical staff and other health professionals who are in direct
contact with patients (consumers of medical services).

The degree of uncertainty in medical services is very
high. Another specific characteristic should be a positive
effect or, at the very least, safety for the health of the con-
sumer. Most medical services are accompanied by human in-
tervention, which requires the informed consent of the con-
sumer of these services, often in writing. The heterogeneity

of medical services determines the difficulties of standard-
ising their quality and provision process. Issues of medical
ethics and confidentiality of information obtained in the
process of interaction with the consumer play an impor-
tant role in the production of medical services. The choice
of reputation management measures is determined by the
specifics of medical services, as well as situations that cre-
ate the need for these services.

First, medical services are those in which demand
is passive. That is, consumers may not even suspect the
existence of these services, or not consider them as an ob-
ject to purchase, until there is an actual (often acute) need
for these services. No one plans the disease in advance, as
they plan a trip to the resort or a trip to a restaurant with
friends. In some situations, people are even afraid to go to
the doctor, for example, to the dentist, until the pain be-
comes unbearable. All this creates an attitude to medical
services as those that are purchased forcibly. As a result,
it is very difficult to persuade people to spend money on
them because the campaign is active or because something
may happen in the future. At the same time, when there
is a need for medical services, they become a priority over
all other purchases. From the point of view of classifica-
tion, medical services can be pre-selection services, special
demand services, and passive demand services, which are
shown in Figure 2.

Types of medical services (marketing classification)

v

Pre-selection medical services ‘

v

v

| Medical services of special demand |

’ Medical services of passive demand

v

Characteristics and examples of medical services

v

v

v

Medical consultation services, for
example, a therapist. In this case a
person usually makes extra effort and
studies reviews, asks for advice from
friends, which doctor is better to go to
(if it is not an acute emergency), so go to
the doctor who is advised by respected
and authoritative for a person people

Very expensive medical services, such as
implantation. Thus the person will study
the offer very carefully and compare the
prices and responses as the price of an
error is very big, not only from the
financial point of view, but also from the
point of view of serious possible
complications after operation if to
choose erroneously not so professional
specialist

These are medical services that the
average consumer knows nothing about,
and if they do know something, they
usually do not think about buying them.
This is, for example, aesthetic
cosmetology, when rhinestones and
other jewelry are installed on the teeth,
or various types of specific new cosmetic
procedures, etc.

Figure 2. Types of medical services in terms of consumer demand

Source: compiled by the authors

The directions of development of reputation manage-
ment in the field of medical services depend to some ex-
tent on the types of medical services and the perception of
these services by consumers. The value and usefulness of
medical services can be the basis for building the compa-
ny’s reputation in the field of medical services.

Second, reputation management is very closely linked
to trust marketing, because the purchase of medical services
of poor quality has vital consequences. This means that
consumer decisions about purchasing medical services, es-
pecially in pediatrics, surgery, obstetrics, and other critical
areas of medicine, are influenced not only by traditional

11

factors such as price, brand and others. There are also a
number of additional specific factors: the doctor’s person-
ality and trust in him, the recommendations of acquaint-
ances and friends, etc. Third, consumers of medical centers
and clinics cannot assess the quality of medical services in
the same way as they assess the quality of other services
(such as hairdressing or dry cleaning). This is because they
do not have the professional knowledge that doctors have
and sometimes do not understand the seriousness of their
condition, as well as treatment protocols. Thus, the per-
ception of patients (consumers) of the quality of medical
services is a very subjective phenomenon.
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Fourth, reputation management and communication
policy in the field of medicine are still the prerogative of
the private sector, although in the last few years, due to
the spread of coronavirus, the public sector has become
increasingly focused on communicating with patients and
promoting certain topics.

Fifth, the main actor in the process of providing med-
ical services, which can most effectively sell additional
services and increase the average check, is the doctor who
treats the patient, not the manager, as in other fields. It is
the doctor who determines the amount of additional exam-
ination, the need for repeated visits, etc. Of course, doctors
are guided by the Hippocratic oath and adhere to medical
ethics, but if you need to undergo additional examinations,
the patient (consumer) will not listen to the manager, he
will listen the doctor.

Sixth, medical services are not bought “in stock” or
under the influence of discounts, they are consumed when
the need arises (except for some preventive examinations,

or comprehensive programs designed for a long time). This
causes the low efficiency and effectiveness of traditional
promotions and discounts. In the field of medical services,
the opposite principle sometimes applies, people believe
that the lower the price of consulting a specialist, the lower
is his/her qualification. Thus, sales promotion in the medi-
cal field has its own specifics.

Seventh, the marketing mix of health services includes
7P, that are product (medical service), price, promotion,
place, physical evidence, people (health professionals) and
process. Patients’ (consumers’) perception of the quality
and value of medical services is important for the devel-
opment of reputation management measures. According to
the model of V.A. Zeithaml [16], the perception of the value
of consumer services is influenced by the following factors:
quality, intrinsic characteristics, external characteristics,
price in monetary terms, price in non-monetary terms and
time. Adaptation of this model to the specifics of medical
services is shown in Figure 3.

Elements that determine the value of medical service

Perception of the level of quality of
medical services (usually subjective)

Price in monetary terms
(including its level relative to similar |
services of competitors)

Price in non-monetary terms:
- time spent on medical services (waiting
in line, etc.)
- psychological costs (nervousness,
stress)
- physical condition (presence or absence
of pain during procedures)

Availability of additional services: drug
delivery, transporta tion, etc.

the reputation of the clinic and
doctors, promotional materials

L External attributes:

Figure 3. Elements that determine the value of medical services for the consumer

Source: compiled by the authors

Thus, the value of medical services for the consumer is
determined primarily by its usefulness, as well as the pres-
ence of additional variations of the service. Variations of
additional services should be considered within the model
of Ph. Kotler and G. Armstrong, who developed three levels
for consumer products: the core product, the actual prod-
uct and the augmented product. The core product provides
the consumer with key basic value and satisfies the basic
need. According to Ph. Kotler and G. Armstrong “at the
most basic level, the company asks, ‘What is the consumer

really buying? For example, people, who buy an Apple iPad,
are buying more than just a tablet computer. They are buy-
ing productivity, and connectivity — a mobile and person-
al window to the world’” [17]. As for the actual product, it
is considered in connection with the brand name, quality
level, packaging, design, and characteristics of a particular
product. The augmented product includes a few addition-
al services, such as delivery and credit, after-sales service,
warranty, etc. Let’s consider the levels of the medical ser-
vice according to the three-level model (Table 1).

Table 1. Three-level model of medical service according to Ph. Kotler and G. Armstrong

Medical service according to the core
value

Meeting basic health and safety needs

Actual medical service

Price of consultation, doctor’s name, brand of clinic, location of clinic and convenience to
reach, service inside, modern equipment, speed of service without queues, etc.

Augmented medical service

Availability of loyalty program — discounts for regular consumers, opportunity to
purchase a subscription to the service of the family doctor therapist, etc., guarantee

Source: compiled by the authors
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ent levels on the example of the service “consultation of
the therapist (the family doctor)” (Fig. 4).

Based on this model, it is advisable to consider the pro-
cess of forming the usefulness of medical services at differ-

Level of usefulness formation

v

Basic functional usefulness
(core service)
Consultation of the therapist (family doctor)

v

List of additional characteristics (necessary and added
services — create additional value and allow to differentiate
the service)

Necessary services — medical laboratory services (or
instrumental examinations), i.e. different types of tests (as
well as ECG, ultrasound, etc.), without which the doctor at
the consultation will not correctly diagnose
Added services are optional, but may be recommended by a
therapist depending on the disease. For example, if a person
with a background of the underlying disease has concomitant
diseases, the therapist may send for consultation to arelated
medical specialist

v

Potentially possible additions and transformations of a
product (innovations)

Explanation
\

The basic need that is met is the need to be a healthy person,
including the need for security (ie, according to Maslow’s pyramid,
this is the need of the second level)

v

Necessary services — these services can be used to create added value
by offering them in a package with consultation, either for free or at a
reduced price, which attracts patients, because they will still have to

buy these services. And if they are offered as a package offer, it will be

beneficial to the patient
Added services - it is important to take into account the types of
diseases that are common in patients in the complex, and to consider the
client’s path (CustomerjourneyMap) in the clinic (from a medical point
of view, it is the clinical route of the patient, which is prescribed in
clinical protocols, and in terms of marketing — a set of services that can
be offered to the patient in addition and can increase the average bill

v

Telemedicine can be used for so-called “second opinion” services,
when an additional expert’s point of view is needed, for
consultations, for attracting specialists from abroad, etc. In a
coronavirus or martial law pandemic, telemedicine services can often
be the only way out for people who are unable to physically come to

Telemedicine, augmented reality, clothing with sensors
to measure blood pressure and heart rate, watches with

applications for monitoring vital signs

the clinic

Figure 4. Levels of formation of usefulness of medical service as a basis of development
of reputation management in the medical sphere

Source: compiled by the authors

The usefulness of medical services and their value are
the basis for the development of reputation management in
the field of medical services. When developing reputation
management measures, it is necessary to emphasise the
benefits of medical services that have a positive impact on
the reputation of the company (clinic) that provides them.

The usefulness of medical services is often perceived
ambiguously by consumers, as there are a number of addi-
tional factors that affect this perception. The following im-
portant contradictions related to the process of providing
medical services and building the reputation of the clinic
can be identified:

- quality treatment is sometimes not widely publi-
cised, while some ineffective treatments may be mistaken
for effective media coverage [17];

- qualified physicians who provide high-quality medi-
cal care may be ineffective communicators, have symptoms
of emotional burnout, or be in a situation of ineffective
management, with negative consequences for their repu-
tation and the reputation of the clinic [18];

- the need to measure the level of consumer confi-
dence, as it is closely linked to the reputation of the clin-
ic and the doctor, and, at the same time, the difficulty of
choosing objective indicators for such measurement [19].

Ways to resolve these contradictions are in the plane
of development of reputation management. The choice of
reputation management measures in the medical field de-
pends on the characteristics of medical services, as well as
current trends due to the coronavirus pandemic and scien-
tific and technological progress, as shown in Table 2.

Table 2, Features and trends of reputation management in the sphere of medical services

Features based on the specifics of medical services

Trends caused by coronavirus pandemic and scientific
and technological progress

The important role of content marketing, information publications
that explain the nature and purpose of medical services, increase
consumer confidence

Active use of online channels of communication with
consumers, including those for the transmission of marketing
information

The need to promote not only clinics, but also individual doctors,
on whose expertise depends the level of expertise of the medical
institution

Collaboration with pharmaceutical companies, manufacturers
of mobile gadgets for health monitoring, pharmacies, etc.

The significant impact of doctors’ communication skills on
increasing sales of medical services highlights the role of internal
communications and outreach to medical staff, conducting training
on conflict management, etc.

Finding ways and tools to deliver medical information
and services to consumers without the need to visit the
clinic (sending the results of the analysis by e-mail, online

consultations, mobile applications, etc.)
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Table 2, Continued

Features based on the specifics of medical services

Trends caused by coronavirus pandemic and scientific
and technological progress

Proper formation of expectations, reliable communication with
patients about the parameters that the doctor can influence. It is
not allowed to make promises that the doctor can’t keep, not to
create false expectations

Transforming the emphasis in healthcare advertising on the
need to raise awareness about maintaining public health
and protecting oneself from the dangers of the coronavirus
pandemic

Efforts directed not so much at attraction as at retaining regular
consumers who are willing to sincerely recommend the clinic and
doctors to their friends and acquaintances

Gaining popularity through communication channels such as
messengers and chatbots, the growing role of collaboration with
mobile providers

Promotion of services based on the principles of evidence-based
medicine, which declares the need and sufficiency of medical
manipulation with the patient

Increasing the role of medical portals and aggregators in
promoting medical services (their services replace the cost of
SEO-optimisation of medical sites)

Adherence to ethics and socially responsible principles and
emphasis on the physical and mental health of the patient as the
end result

Increasing the importance of CRM-systems for analysing the
effectiveness of communications and marketing activities

Motivation of patients to play an active role in the process of
consumption of services. Creating conditions for patients to

The doctor prescribes treatment, and the patient must carefully
follow these appointments. That is, the result depends on both
participants of the process

understand their own responsibility for the outcome of treatment.

Emphasis on prevention of emotional burnout, stress, support
of mental health, overcoming of fear in society in the formation
of content and communication messages

Source: compiled by the authors

Taking into account the above trends, and taking into
account the contradictions associated with the formation of
the reputation of clinics and doctors, the authors of the pa-
per propose stages of development of reputation manage-
ment at health care enterprises (Fig. 5). At the first stage, it
is advisable to conduct a reputation audit to identify incon-
sistencies and contradictions that exist at the enterprise in
the field of medical services. Information and source data
for such an audit can be obtained from both in-house staff

and external experts. The most important source is the re-
ports of the marketing department, or other department
that works on a regular basis with consumer feedback and
complaints. Not only doctors and medical staff, but also em-
ployees of call centers, the administrators, the sales depart-
ment, etc. can play an important role both in the assessment
and in the formation of reputation risks and contradictions.
This stage ends with a list of contradictions, the elimina-
tion of which will improve the reputation of the enterprise.

Number and name of the stage

Essence of the stage

v

v

Stage 1. Reputation audit

Analysis of the current state of reputation

] and identification of major contradictions
Stage 2. Development of reputation Development of measures to eliminate reputation contradictions and the
strategy > formation of the positive reputation of the clinic
I
v v
. Collection of feedback and their processin:
Stage 3. Work with feedback > L L b &
organisation of communications with consumers
. rk on bringin: fir: f search resul itive revi hy
Stage 4. Reputation management Wo '0 bringing to the L st page (? search results positive reviews about't e
. . medical center, communication with consumers on the removal of negative
and search engine marketing (SERM) X . . . .
- reviews in case if the problem is solved in favor of the consumer

v

v

Stage 5. Creating a positive image on other
online and offline communication platforms

publishing PR materials in print and online publications

Posting positive consumer feedback,

v

v

Stage 6. Analytical: preparation of a report
on the results of the implementation of
measures for reputation management and

elimination of contradictions ’

In-depth analysis of the causes and shortcomings of business processes that
caused negative feedback, recommendations on how to prevent their recurrence in
the future are passed to the company’s management

Figure 5. Stages of development of reputation management at enterprises of the sphere of medical services

Source: compiled by the authors
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At the second stage, the strategy should be formed to
eliminate the identified contradictions, and this strategy
should include a number of measures for reputation man-
agement: improving the process of working with consumer
feedback, modern SERM-technology, improving online and
offline communications.

The third, fourth and fifth stages can be implemented
graduallyorsimultaneously,dependingonthe capabilities of
theenterpriseandtheavailability of the necessaryresources.

An obligatory final stage in the development of repu-
tation management in medical enterprises is an analytical
report on the effectiveness of the implementated measures.
On the basis of such report, further actions to improve the
company’s reputation can be ajusted. It is important to sys-
tematically evaluate not only quantitative, but also qualita-
tive indicators of the company’s reputation. One such indi-
cator is the NPS (net promoter score), which demonstrates
the level of consumer loyalty. The importance of monitoring
this indicator is caused by the fact that it shows the willing-
ness of consumers to return to the clinic, as well as the desire

to recommend it to friends and acquaintances. In the field of
medical services, NPS demonstrates the potential of work-
ing with clients, their willingness to return. This indicator is
closely related to such a promotion tool as “word of mouth”.
For the healthcare industry, this tool plays a leading role.
The basis of the “word of mouth” is consumer’s feed-
back and reviews. Depending on the nature and the tone of
such reviews, the reputation of the enterprise in the field
of medical services is formed. The typology of reviews pro-
vides for their division into the following types: 1) positive
or negative, 2) those that are seen only by employees of the
medical center (channels of receipt: complaint registration
journal, e-mail, medical center website, the call center, per-
sonal appeal to the department examination of the quali-
ty of treatment), or public (channels of receipt: feedback
sites, forums, social networks, Google Maps and other pub-
lic channels), 3) true or false. Depending on which groups
the review belongs to, it is necessary to use different ap-
proaches in working with it. For example, Table 3 shows the
difference in working with negative and positive reviews.

Table 3. The main steps and responsible persons who work with positive and negative consumer reviews (feedback)

Basic actions when working with feedback by their types

Negative feedback

Positive feedback

1) Monitor and detect
2) Register

4) Reply to the consumer

imposed on those who are responsible for the situation)
satisfied with the resolution of the conflict

Marketing department

Medical unit management
Line managers of departments that received feedback

3) Conduct an internal investigation into the causes and truthfulness

5) Take measures not to repeat in the future (possible penalty may be

6) Negotiations with the consumer to withdraw the feedback, if he is

Responsible persons for working with feedback

1) Collect (through questionnaires, etc.), accept (if the
consumer wants to personally make an entry in the feedback
book) or find (on social networks, websites)

2) Register

3) Post on the site, on the Internet, in social networks

4)Give the consumer a bonus (for example, a branded souve-
nir)

5) Reward the employee who received a positive feedback

Marketing Department, administrators
Personnel Department
Line managers of the departments that received feedback

Source: compiled by the authors

In addition, it should be noted that not all negative
feedback can be solved out (if the consumer has not left
the contact, or it is impossible to identify him). In this case,
you should still answer them, but note that there is a lack of
information to confirm the reality of the feedback and ask
to leave contact. This is extremely important in cases when
the feedback is public. If the consumer has been identified,
and as a result of communication with him, the problem
has been solved, and the consumer is satisfied, be sure to
ask him to withdraw his negative feedback — this is the el-
ement of SERM, when the main goal is to remove negative
feedback from the Internet network or reduce the public
effect of negative feedback.

Figure 6 shows the algorithm for the use of elements
of SERM-technology in the organisation of work with con-
sumer feedback on the basis of reputation management.

The main result of this process is the solution of con-
flict and negative situations as a result of active commu-
nication with consumers. It should be noted that it is im-
portant to immediately classify and divide into groups all
feedback from consumers, and then sort out each group of
reviews differently.

15

This algorithm is just one of the measures that can be
used to develop reputation management. Working with
consumers’ feedback resolves such reputation contradic-
tions that are associated with ineffective communications
with qualified physicians. This technology also increases
the level of trust and loyalty of consumers, helps to engage
them in the process of improving service in the provision
of medical services.

The obtained results have scientific novelty, and they
differ from the works in this field. F. Jabeen, Z. Hamid,
A. Akhunzada, W. Abdul, S. Ghouzali in their work consid-
er the leading role of trust and reputation management in
healthcare. These authors substantiated that “the patient
role has changed from a passive receiver to an active user of
online health-related information” [20]. They analysed dif-
ferent approaches and methods of collecting feedback from
patients, as well as possible vulnerabilities caused by con-
sumer’s opportunities of providing unreliable or malicious
reports. The valuable results of the mentioned research are
the elaborated trust and reputation system requirements
for mitigating different attacks on this system (adaptive
behavior, time sensitivity, context compatibility, reliability,

Development Management. 2022. Vol. 20, No. 4
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fear treatment of new users, changing identities, priva-
cy and confidentiality, security, interoperability). But the
mentioned requirements do not explain the mechanism of

identification of attacks. That means that this mechanism
has to be considered to understand which of consumers
complains can be classified as attacks.

The consumer is identified

The consumer is not identified

v

v Public response with a request to give his/her name

The analysis of the reasons is carried out

and leave contacts

v

v

Response and communication with the

The consumer leaves contacts ‘

consumer and suggestions for resolving
the situation

v &

| The consumer does not leave contacts

— N

The consumer is satisfied

The consumer is not satisfied

We answer publicly that We do not answer at all if the

v v

the consumer did not situation does not allow us to

The consumer either denies the
negative comment or withdraws

feedback from the publication lawyers or other authorities

Various options are possible,
including the involvement of

identify himself, so the give an answer due to legal
reliability of the reasons, or if further discussion
feedback is questionable | | will lead to even bigger conflict

Figure 6. Algorithm of application of elements of SERM-technology
when organising work with consumers’ feedback on the basis of reputation management

Source: compiled by the authors

The connection between reputation of physicians and
healthcare organisations and their activity in social nets is
considered in the work of S. Mishra [21]. The author of this
work considered the most beneficial and challenging as-
pects of patients connecting with physicians on Facebook
(now Meta). Effective strategies for physicians who deal with
challenging aspects of communications and formation of
reputation on social networks are considered as well. Tak-
ing into account the practical issue of this work, it should
be mentioned that, when healthcare organisations use so-
cial networks with the purpose of reputation management,
they have to take into account the types of medical services.
And it means that the types of medical services should be
considered from the point of view of consumers’ demand.

V. Chaudhri, T. Oomen, J. Pridmore and A. Joon [22]
paid attention to problems of formation of reputation in
healthcare sector using social networks. The authors elab-
orated CARE model of social media use where each dimen-
sion - C (control), A (accessibility), R (responsiveness) and
E (engagement) has positive and negative sides. So, the sci-
entific contribution of this research is in systematisation
of four dimensions in dualistic perspective and assessment
of the role of social media in reputation management of
healthcare organisations.

J. Cordina and S. Greenberg discovered the role of in-
formation transparency in consumer decision-making in
healthcare and its impact on the reputation of healthcare
organisation [23].

In the short article devoted to the description of social
media role in reputation management of healthcare organ-
isations L. Vogel said that “the balance of power has shifted
as social media has enabled conversations and compari-
sons across social and geographic divides” [24]. On the one
hand, the big advantage of the article is in using a lot of
practical cases and experts’ points of view for substantia-
tion of social media influence on reputation of clinics, but

Development Management. 2022. Vol. 20, No. 4

on the other hand, there is lack of fundamental research
data as a basis for the conclusions.

Taking into account the mentioned above studies and
the problems these studies have not considered, the pre-
sented results of this article are based on the survey of
more than 2 000 patients’ feedback. The distinction of the
article in comparison with the described works of other
authors is in the use of systematic approach to the study
of patients’ attitude and readiness to recommend the clin-
ic to their friends, as well as description of elements of
SERM-technology for reputation management in health-
care organisations.

e CONCLUSION
The main results of this scientific research are as follows:

— first, the specifics of medical services are sub-
stantiated, their types and elements that determine the
value of medical services for the consumer are analysed.
This made it possible to determine the levels of forma-
tion of the usefulness of medical services as a basis for
the development of reputation management in the med-
ical field;

- second, the features and trends of reputation man-
agement in the field of medical services are considered.
These trends were taken into account when developing the
development stages of reputation management at enter-
prises in the field of medical services;

— third, the stages of the process of development of
reputation management of the enterprise are substantiat-
ed. The main result of the implementation of the specified
stages is the resolution of reputation contradictions at en-
terprises in the field of medical services;

— fourth, the algorithm for the application of elements
of SERM technology was developed in the organisation of
work with consumer feedback on the basis of reputation
management.
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Given the leading role of such a channel for the pro-
motion of medical services as “word of mouth”, the ar-
ticle focuses on working with consumer feedback. This
tool of reputation management provides long-term pos-
itive relationships with clients, their loyalty and will-
ingness to recommend the clinic to their friends and
acquaintances.

Reputation management is a way to success and com-
petitiveness of the enterprise in the field of medical services.

Prospects for further research are related to the search
for new methods for assessing the effectiveness of reputa-
tion management in social networks as well as to the elab-
oration of personalised approaches for communications
with clients of healthcare organisations.
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PO3BUTOK penyTauilHOro MeEHeMKMEHTY NianNpMueMcTBa
y chepi MeauUYHUX nocnyr

MapuHa BikTopiBHa MapTUHeHKoO, AHacTacia OnekcaHapiBHa MapTUHEHKO

XapKiBCbKMM HaLiOHaNbHMM eKOHOMIYHUM YHiBepCcUTET iMeHi CeMeHa Ky3Heud
61166, npocn. Hayku, 9A, M. XapkiB, YKpaiHa

AHoTanjis. Y cTaTTi O6IpyHTOBAHO 3HAUMMICTb PO3BMUTKY PEIyTaliifHOTO MeHeIKMEHTY JJIsl YOOCKOHATEeHHS POOOTH
HignpuemMcTB y chepi MeOUUHUX MOCTYT. AKTYa/IbHICTh TeMU BMU3HAYAETHCS MiJBUIEHHSIM DOJi Ta BIUIMBY Ialli€HTiB
Ha GopMyBaHHS peryTalil NiAIpUEMCTB y cdepi MeIMUHMX MOCTYT B yMOBaX aKTMBHOI'O BMKOPUCTaHHS MalieHTaMu
COIliaTbHUX MepeX sIK mkepena iHdopmarliii mpu Bub60pi gikaps. MeTa cTaTTi mossirae B 06IPyHTYBaHHI 0COGIMBOCTEN
Ta eTalliB MpPOLECYy PO3BUTKY PeIyTalliiHOr0 MeHEemKMEHTY Ha MiAnpueMcTBi cdhepyu MeguMuHMUX MOCIYT. Y Mpoieci
MOCSITHEHHSI TTOCTaBJE€HOI MeTu Oy BUMKOPUCTAHI Taki METOAM HAYKOBOTO MOC/iIKEHHS, K JIOTiYHE y3arajbHeHHS,
TIOPiBHSUIBHUI aHasi3, CMHTe3, a TaKoX rpadiunmii Meton. [jis 360py BiATYKiB Malli€eHTiB BUKOPUCTOBYBaBCS METOL
OMUTYBAHHS NAlli€HTiB, 3aCHOBaHMI Ha KibKicCHOMY aHami3i Bifgnosizeii i NPS (HeT mpomoyTep ckop). B ikocTi o0cCHOBHUX
pe3ynbTaTiB JOCTiIKeHHSI OOIPYHTOBAHO crieludiKy MeAMYHUX TOCTYT Ta iX BUIHU, 8 TAKOXK eJIeMeHTH, 10 BU3HAYAIOTh
IiHHICTh MEOVUYHMX TMOCTYT IJIS1 CIOKUBAYiB. PO3ITITHYTO OCOGMMBOCTI Ta TEHAEHIII permyTariifHOr0 MeHEeIKMEHTY Y
cdepi HaaHHI MeIUYHMX TIOCIYT Ta OOI'PYHTOBAHO €TaI IIPOLeCy PO3BUTKY PeIyTalliiiHOr0 MeHeI;KMEeHTY opraHisairii
OXOPOHMU 3J0pOB’Sl. Y pesyabTaTi IMPOIO3uIlili, PO3ISTHYTUX Y CTATTi, CTAa€ MOXKJIMBMM BUPILIEHHS pPemnmyTaliiiHux
MPOTUPIY HA MiANpreMCTBaxX chepy MeIUUHMX ITOCTYT. 3 METOIO ITOKpaIlleHHsI PelyTalliiiHOro MeHeIsKMeHTY PO3p0o6IeHo
aJTOpPUTM 3aCTOCyBaHHS efeMeHTiB TexHonorii SERM (Search Engine Reputation Management) ajist po6oTu 3 Biarykammu
crioxkuBaviB. IIpakTVUHe 3HAUEHHS PE3y/IbTATiB TOJSITA€ B MiABUIIEHHI e(heKTUBHOCTI pemyTaliiffHOr0O MeHEeIKMEHTY
Ta JI0r0 PO3BMUTKY 3@ PAXYHOK BIIPOBA/KEHHS PO3POOIEHOTO JITOPUTMY B IIPOIIEC ITOBCSIKAEHHOI POGOTH 3 KITi€HTaMU
MenuyHoi opraHisariii. Lle Moyke 6yTM OCHOBOIO [/l IJIAHYBAHHS 3MiH y 6i3Hec-TIpoliecax Ta ornepaliifHoMy yIipaB/IiHHi,
a TaKOX JiJIs1 ONITMMIi3allii BUKOPUCTaHHS PecypciB

KirouoBi c1oBa: opraHisaiiii 0XOpoHM 370pOB’Sl; MapKeTUHT B MeOUIMHI; pobota 3i ckapramu; crenudika; Biaryku
CTIOXKMBAUiB
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Abstract. The relevance of involving stakeholders in the decision-making process is due to the need to identify, group
and classify them based on their circumstances or views on potential business conditions that can be realised, which
will allow predicting interaction with stakeholders in conditions of dynamic opportunities. The purpose of the study
was to define stakeholder interaction as a normative concept with implementation practice that can stimulate the
development of theory and provide practical application in practice. The basis of the formation of a scientific approach
to the formation of the interaction of stakeholders in the innovative economy were such methods as structural and
comparative analysis, the method of generalisation. A scientific approach to the formation of stakeholder interaction
is proposed, which involves an integrated process of their interaction in an innovation network based on dynamic
capabilities with elements of model variable analysis. This enables the adjustment of the elements of the innovation
network, the nature of relations with stakeholders and promotes the evolution of commitment, relations and knowledge
sharing between stakeholders, as well as the adjustment, reflection and adaptation of interaction with stakeholders
and consists of: the formation of an information space to define the components of the innovation network and
relationships in the process of stakeholder interaction; implementation of the process of interaction of stakeholders in
conditions of dynamic opportunities; reasoned choice of management decisions regarding the impact on the interaction
of stakeholders. The research findings reflect a stakeholder interaction framework based on a process of identification,
organisation and transformation integrated into co-creation and value, innovation network and knowledge sharing. The
obtained results can be applied in the practical activities of state authorities and local governments, higher educational
institutions, state enterprises, organisations and institutions, private entrepreneurial structures in the formation of
intellectual, scientific resources and information technologies, effective use and qualitative improvement of all factors
of production, which will contribute development of a new quality of public-state relations
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¢ INTRODUCTION

Economic development is impossible without taking into
account the innovation factor. Since the beginning of the
90s, the scientific world began to realise the phenomenon
of innovative and technological globalisation, and thereaf-
ter, significant shifts took place in international economic
development that required state regulation.

The 17 sustainable development goals (SDGs), which
are defined by the United Nations [1], are aimed at stimu-
lating action to solve the global problems of mankind. The
SDGs engage governments, which can act through policy
and regulation development, as well as private initiatives
to conduct research based on societal values, needs and ex-
pectations. Enormous tasks are emerging that cover a large

number of people not only in one country, but also beyond
its borders, affect international communities and the plan-
et as a whole, requiring joint efforts to solve them.
Education, science and innovation require new meth-
ods of managing innovative development, which include
wider involvement of stakeholders in the decision-mak-
ing process, anticipation of society’s needs and reflection
of problems. Stakeholder engagement aimed at strength-
ening the means of implementation and activation of the
Global Partnership for Sustainable Development can be a
means of mobilising and sharing knowledge, experience,
technology and financial resources. Despite the essence of
stakeholders in the innovation economy, there is still little
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research on their involvement. The results of previous stud-
ies [2-4] are represented by management processes with a
strong regulatory burden without clear practical guidance
on implementation tools. Despite the general recognition
of the importance of involving stakeholders, anticipating
their needs and analysing their feedback in support of new
solutions proposed to society, many questions remain re-
garding the quantitative and qualitative characteristics of
stakeholders in the innovative economy.

A large number of studies [5-7] within the innovative
economy are focused on the identification of stakeholders
of current activities, but there is a need to identify poten-
tial and indirect stakeholders. The need to define, group,
and grade stakeholders based on their circumstances or
view of potential business conditions that may be realised
will allow to predict engagement with stakeholders in the
context of dynamic opportunities. Stakeholder influence
may vary at different stages of the activity, depending on
the ability to make decisions about the activity and imple-
ment a stakeholder management strategy.

The aim of the article was to define a scientific ap-
proach to the formation of stakeholder interaction in the
innovative economy that can stimulate stakeholder en-
gagement in practice.

In accordance with the goal, the following tasks were
set: to determine the components of the innovation net-
work and relations in the process of stakeholder interac-
tion; to group stakeholders by the level of involvement

(degree of commitment/participation/influence on the ac-
tivity), types of connection with the activity for each of the
stakeholders and the purpose/results of such activity; to
organise a process of interaction with stakeholders, based
on dynamic possibilities; to determine approaches to man-
agement decision-making regarding the identification, or-
ganisation and transformation of stakeholders.

e LITERATURE REVIEW

Current innovation trends and global processes of interna-
tionalisation and globalisation create the conditions under
which economic actors are forced to interact with a wide
range of stakeholders and make decisions to take into con-
sideration their interests. Today, approaches, methods and
tools for assessing the levels of interaction of stakeholders
differ according to schools and concepts. A large number of
stakeholder definitions do not give a clear understanding
of what the term really means. Establishing the boundaries
of the concept will significantly help to solve a number of
problems posed by researchers in this field.

The origin and development of the concept of stake-
holders lies in the literature on social, economic and busi-
ness science. An analysis of the development of the theory
of stakeholders, which passed the stages of evolutionary
development in accordance with the development of eco-
nomic systems, business processes and were transformed
according to the criteria for their identification and man-
agement is presented in Table 1.

Table 1. Development of stakeholder theory

Author (period) The level of development of the theory

W.B. Galli (1956) [8]

The stakeholder concept is central to business theory, but does not define the essence of the stakeholder

concept.

Stanford Research
Institute (1963) [9]

The management’s attention is focused on the concept of representing shareholders as a single group
and determining its sensitivity.

E. Freeman (1984) [10]

Continuing the concept of shareholders, it is extended to other parties as well, namely consumers,
workers, suppliers, governments, competitors, consumer advocates, environmentalists, special interest
groups and the media. If someone has an interest in an activity, he can influence it or try to influence it.

M. E.B. Clarkson
(1995) [2]

The social effectiveness of the corporation depends on the system of managing the corporation’s relations
with its stakeholders.

Y. Fassin (2009) [5]

Stakeholder management is presented from the perspective of translating ethics into management
practice and strategy, identifying customers as both internal and external stakeholders.

P. Littau (2010) [6]

Stakeholders in the project management process were considered. The directions of stakeholder theory
are determined by the project strategy.

S. Miles (2011) [4; 7]

Stakeholder theory is considered for different organisations, organisational forms and domains, such as
individuals, projects and public institutions, as well as in politics.

Guidance on project
management
(ISO 21500:2012) [11]

To increase the likelihood of project success, project stakeholders, including the organisation in which the
project is implemented, should be described in sufficient detail. Stakeholder roles and responsibilities can
be defined in relation to their project and organisational goals.

PMBOK Guide (Project
Management Institute,
2013) [12; 13]

The theory of interested parties has been improved on the basis of its isolation as a separate field of
knowledge, and before that it was part of the theory of communications.

Requirements
Management: A Practice
Guide PMI (2016) [14]

Orientation on the involvement of stakeholders and cooperation with the customer; allows you to scale
the project according to the requirements, while keeping it flexible.

Source: compiled by the author

Summarising research on stakeholder development
makes it possible to identify different directions and draw
the following conclusions:

1) the activity/organisation/project has relations with
a large number of stakeholders who make up an appro-

Development Management. 2022. Vol. 20, No. 4

priate environment (external and internal) and influence
management decisions.

A systematic literature review was conducted to ex-
plore stakeholder relationships, pressures and sustainable
management practices. The literature review shows that
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there are three main theoretical frameworks for the study of
stakeholder interaction: from the perspective of service im-
provement [15],as marketing and customer satisfaction [16]
and technological innovation and management [17; 18].

S.M.R. Shams, D. Vrontis, R. Chaudhuri, G. Chavan,
M.R. Czinkota [19] reviews current research in the entre-
preneurship literature related to innovation management
(IM), stakeholder engagement (SE) and entrepreneurship
development (ED).

In addition, the use of stakeholder theory is dominant,
followed by the use of institutional theory.

2) stakeholder theory studies the nature of relationships.

Lea Fobbe and Per Hilletofth [3] consider interaction
with stakeholders as an important component of sustaina-
ble business models.

Traditional innovation, which is focused on obtaining
profit for the enterprise, has turned into innovation based on
interactionintheprocessofco-creation,whereconsumersare
involvedinthe process of defining and creating value [20; 21].

3) the interests of all stakeholders can potentially be
taken into account and satisfied.

Stakeholder interaction research is aimed at gradually
realising the needs and expectations of each stakeholder in
relation to the needs and expectations of other stakehold-
ers, as well as the potential role of each stakeholder [22].

S. Takahashi and V.P. Takahashi [23] provided a pro-
posal for an integrated process of interaction with several
stakeholders based on the analysis of model variables. They
also contribute to an evolution in commitment, in relation-
ships and in the exchange of knowledge between stakehold-
ers, as well as in anticipating and evaluating their interests.

4) the theory accepts management decisions.

P. Pluchinotta, G. Salvia [24] tried to understand
stakeholders’ perception of system boundaries and prob-
lem structuring, as well as their potential impact on deci-
sion-making by systematically comparing causal maps of
different stakeholder groups around a common problem.
A. Zingraff-Hamed, F. Hiiesker, G. Lupp, C. Begg, J. Huang,
A. Oen, Z. Vojinovic, C. Kuhlicke, S. Pauleit [25] used sys-
tematic methods to identify relevant stakeholders, which
are crucial to enhance planning efficiency, reduce bottle-
necks and time, and are paramount for business system
planning, design, and implementation.

e MATERIALS AND METHODS

The presented scientific approach was based on analysis
methods and is presented in a logical sequence. First, a syn-
thesis was used, which allows to reveal and show comple-
mentarity between the studied parameters. Furthermore,
the structuring of development stages takes into account

the behaviour of variables in the corresponding phases
with the adoption of the process of identification, organi-
sation and transformation as an integrating dimension.

Systematic and interdisciplinary approaches to forma-
tion of stakeholder interaction in the innovative economy
became the methodological basis forachieving this goal. The
structural analysismade it possibleto determine certainreg-
ularities, according to which all processes and phenomena
can be classified into groups, singling out their features, as a
result of which Structuring stakeholder theories according
to different levels of economic aggregation was obtained.

In addition, taking into account the dynamism of so-
cio-economic phenomena, with the help of the generalisa-
tion method, it is possible to generalise them into certain
groups based on similar characteristics.

The analysis also allows to evaluate the phenomenon
not separately, but taking into account the influence of the
external environment onit. One positive consequence of us-
ing these methods is the broad functionality of their results.

Using the method of logical generalisation, a sequence
of actions was formed to establish structural relationships
between variables or elements of scientific approach to
the formation of stakeholder interaction in the innovative
economy.

e RESULTS AND DISCUSSION
Formation of the information space for determining the
components of the innovation network and relations in
the process of stakeholder interaction

Building an optimal model of stakeholder interaction
should take into account the transformational processes
currently taking place all over the world, which signifi-
cantly change the directions of development and purpose
of activities. The solution to this problem is carried out
within the network structures of interaction in the field of
educational, research, information technology, business
and other types of activities. Therefore, issues related to
the system of formation and determination of appropriate
forms and types of stakeholder interaction are relevant.

However, the methodological base, which allows to re-
veal and analyse contradictions in the study of economic
relations between institutions and science and the busi-
ness environment, is not fully formed. This fact proves the
need to develop scientific and methodological support for
the formation and implementation of stakeholder inter-
action, taking into consideration dynamic changes, goals
that must be achieved by the subjects of relations, and op-
portunities for their implementation. For this, a scientif-
ic approach to the formation of stakeholder interaction is
proposed, which consists of 3 blocks (Fig. 1).

I
Component 2.

Block 1.
Formation of the information space for determining the J Comz_) onent 1. Qomp onent 3
components of the innovation network and relations in Innovative network Exchange of knowledge Business relations
the process of stakeholder interaction ‘$ +‘ $‘
v J : .
Block 2. the process of_change mformapon‘knowledge and creation / pooling
Implementation of the process of interaction of (innovative organizational systems of value
stakeholders in the conditions of dynamic opportunities development) (knowledge integration)
v v v
Block 3.
Reasonable choice of management decisions regarding the impact on the interaction of stakeholders

Figure 1. A scientific approach to the formation of stakeholder interaction in the innovative economy

Source: developed by the author
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In accordance with Block 1 (Fig. 1), a study of Ukrain-
ian and foreign experience in the development of forms of
stakeholder interaction was carried out in accordance with
the structure of the innovation network, requirements for
knowledge exchange and specifics of business relations.

In interaction with stakeholders, before changing the
configuration of the network itself or existing processes, it
is advisable to determine the evolution in obligations, in
relations and in the exchange of knowledge between stake-
holders (Table 2).

Table 2. Structuring stakeholder theories according to different levels of economic aggregation

Criterion for the development of stakeholder theories

the number of people
who can be attributed
to stakeholders

degree and direction
of influence betw een
stakeholders and business

management tools
and value-targets of
performance in interaction

the extent of identification of
stakeholders in relation to the levels
of economic processes and systems,
restrictions on the organisational scope
of activities

W.B. Galli (1956) [8] -

Stanford Research
Institute (1963) [9]

E. Freeman (1984) [10] -
- M.B.E. Clarkson (1995) [2]

Y. Fassin (2009) [5] -

- P. Littau (2010) [6]

- S. Miles (2011) [7]

Guidance on project management (ISO 21500:2012) [11]

- PMBOK Guide (Project Management Institute, 2013) [12; 13]

Requirements Management: A Practice Guide PMI (2016) [14]

Source: developed by the author

The considered theories are grouped in a visual-spatial
logical way. This made it possible to organise the theories
of stakeholder development according to their coverage of
the criteria for their identification and management. The
result of the grouping will allow stakeholders to be differ-
entiated according to the scope of the activity (for project,
business or government), the type of activity or content
area, or the specific type of relationship to the activity. A
specific activity can be a task, a project, a program, an en-

terprise of a corporation or a state body, and even deter-
mine specific cases of behaviour of individuals.

The key point is to identify and separate both the level
of involvement and the type of connection that different
stakeholders may have. Morphological analysis determines
the level of involvement (the degree of commitment and
non-commitment to the activity taking place), the types of
connection with the activity for each of the stakeholders,
and the purpose/results of such an activity (Table 3).

Table 3. Morphological analysis of stakeholders according to the structure
of the innovation network and relations in the process of interaction

Level of participation
(knowledge sharing)

Subject (innovation network)

Type of communication

(business relationship) ST

their ownership based on the following attributes: authority
to influence the firm, legitimacy of relations with the firm, and
urgency of the claim against the firm

life, environment or business is
affected by three spatial scales
and beyond accepted constructs

directly and/or indirectly
involved in the selected scales
and beyond

has or claims ownership, rights
or interests

individuals and institutions have a stake or claim, interest

different / another clientele interested

in the corporation and its
activities
regarding the company
in the results of the project

plaintiffs / the claimants -

have contracts -

can affect or is affected by

with legitimate interests

achievement of organisational
goals
in procedural and/or material
aspects of corporate activity

individuals or groups of

individuals requires sacrifices or

contributions on the part of
participants

voluntarily accept the benefits
of a mutually beneficial
cooperation scheme -

are inadvertently exposed to
risk

arises in connection with the
company’s actions

Development Management. 2022. Vol. 20, No. 4
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Table 3, Continued

Level of participation Type of communication

(knowledge sharing) (business relationship) Goal/outcome

Subject (innovation network)

has an interest in, or is
influenced by, or may be -
influenced by

groups - in a relationship with the organisation

an individual, group or
organisation

any aspect of a project, program
or portfolio

Source: developed by the author

The time is different for each level of involvement. Di- Implementation of the process of interaction of stake-
rect participants (immediate interested parties) or manag-  holders in the conditions of dynamic opportunities
ers start, observers or secondary interested parties can feel The process of attracting interesting pages, taking

the impact in the process or for the results of the activity, into account the dynamics of influence, is the ability to
the end users feel the impact from the results of the activ-  shape, combine and change internal and external condi-
ity (which should exclude negative impacts during which  tions to be able to describe a rapidly changing environ-
there are persons covered). secondary stakeholders as a  ment in the process of work. Therefore, in accordance with
secondary category). Block 2 (Fig. 1), this process is divided into three phases:

The resulting morphological analysis is intended to identification interaction, organisation of interaction and
determine the power of influence, legitimacy and neces-  transformation of interaction (Fig. 2). Thus, identifica-
sarily takes into account dynamism. The dynamics of de-  tion, organisation and transformation are unifying ele-
termining the urgency of solving the problems of the inter-  ments of these processes, which involves theoretical and

ested party depends on the activity. practical justification.
Identification Organization Transformation
Essence

. o . . . The stage includes the development | The stage involves changing and reformatting

Activities Wléhm this p}?ase]mv‘)l‘}’le opportunity of a business model and strategic | the resources and innovation network involved

treco}%mtlon an ;:.reatlog, invo v%s_ s &'lpmgl’l C;eat?_lg’ activities, which are ﬁarried ?ut in | in the multi-stakeholder collaboration process

eaching, presenting and researcning in collaboration cooperation with severa in the context of implementing organizational
with multiple stakeholders stakeholders changes with the a%m of join%de\%elopment

Components of the change process (innovative development)

Fuzzy and dynamic process with research insight,
creativity, critical thinking
Subjective and ambiguous context
Network formation and definition of structure levels
Recognition, identification and creation of opportunities

Asset recombination and reconfiguration
Scientific justification and structuring of
requirements Expansion of the competence
network Transfer and renewal of obligations
Adjustment, reflection and adaptation

Coordination obligations and
counseling Interactivity and
creativity Conflict and negotiation
management

Characteristics of information knowledge and organizational system (knowledge integration)

Exchange of experiences, tacit knowledge, ideas and representation,
Complementary knowledge and skills
Conceptual integrated thinking

Exchange and improvement of skills and knowledge
Direct targeted exchange of knowledge Adaptation and
improvement of internal processes

Potential for value creation/combination

Emphasis on investment activity
Definition of stakeholders' assets
Cooperation on distributed

evelopment, intensification of interaction
Emphasis on entrepreneurship and
leadership Management and restoration of

Exchange of needs and expectations
Planning, design, coordination
Effectiveness of interests

competences relations
Features
The stage involves conducting a preliminary analysis, an initial The stage consists of analysis and Implementation of this stage is facilitated by
activity, which is a mandatory element of preparation for the initial | decision-making activities for the decentralization and autonomy, cooperation
activity within the innovation process anéJ is aimed at determining development of a network of and the ability to communicate. This can be
all components of the future process. This includes analysis and | connected stakeholders, development | ~achieved through a complex and adaptive
research of process elements, formation of possible options for of a business model and network system that can change according
future scenarios, new requirements and positioning of stakeholders | organizational design of the network. | o contingencies, achieving a co-evolution
in terms of their goals and values, interests and opportunities. Stakeholdersuse each other's of the system
There is a set of methods for identifying initial contacts with capabilities to share internal models,
interested parties in order to engage them, starting the relationship ideas, knowledge and skills, which
itself (networking, mapping). T%lis can be achieved by several aims to shape and define basic
participants in the process who are already partners, or by a core priorities through interaction
person who will lead the innovation. The implementation of this between participants
stage can take place with the help of initial meetings and workshops,
which allows to make changes to the process, methods and process
of implementation of the innovation process

Figure 2. Implementation of the process of interaction of stakeholders in the conditions of dynamic opportunities
Source: developed by the author
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Figure 2 shows the transformation of values (materi-
al-valuable and intellectual-knowledge), which is ensured
by the success of the stages of stakeholder interaction in
the innovative economy, taking into account the devel-
opment of potential, current and realised value. This in-
volves mapping elements of processes based on innovative
development, based on interaction and transformation of
knowledge, opportunities, values. As a result, a multidi-
mensional integrated model is formed.

Figure 2 shows the process of integrating system el-
ements within the stages of innovation development and
value creation. It also demonstrates the integration of the
intellectual and the material resources, the division of sub-
jective/potential and actual possibilities, the transition
from conceptual to concrete value. The change of uncertain
and subjective aspects in the process of evolution is associ-
ated with the exchange of explicit knowledge, the distribu-
tion of obligations, which contributes to the involvement
of the necessary stakeholders.

Interaction between stakeholders involves chang-
ing the configuration of the network or existing process-
es, which allows the development of relationships taking
into account the obligations, responsibilities, exchange of
knowledge and values between stakeholders. That is, the
presented elements of the system are integrative to pro-
vide for the definition, organisation and management of
stakeholders as theoretical as practical point of view.

Thus, the processof stakeholderinteractioninvolves tak-
ingintoaccountdynamicopportunities,whichisaimedatthe
elements of creation, unification and change of internal and
external factors,inthe conditions ofachangingenvironment.

Reasonable choice of management decisions regard-
ing the impact on the interaction of stakeholders
Based on Block 3 (Fig. 1), it is proposed to make a reasoned
choice of method to make managerial decisions regarding
theidentification,organisationand transformation of stake-
holdersinaccordance with the prospects, conditions and op-
portunities for the implementation of such relations (Fig. 3).

The definition of the circle of stakeholders depends on the branch affiliation, organizational
Adaptive P and legal form, the degree of corporate social responsibility and
other factors
Management of relations with stakeholders to ensure maximization of positive impact on
Systemic —» stakeholders and reduction of negative consequences is carried out on the basis of developing a
map of stakeholders and determining tools for optimal interaction with them
=) The directions of entrepreneurship are not limited to the creation of value for stakeholders, and
-8 Targeted . stakeholders exert a significant influence on the achievement of results in the process of
s activity in accordance with the interests of additional stakeholders, not only the main ones
(=}
=
S Interest management processes related to project management and affecting it, which
T . . . . .
folect Design P determine for stakeholders the importance of formulating, grouping,
£ 2 analysing the approach to project management
e
B2 . Taking into account the aspects of business ethics, the goal of management should provide for
50 B Social the improvement of the moral elements of the activity, directing it to achieve the interests of
.5 o and —» not only the owners. Ethical obligations to stakeholders are structured according to the main,
< -2 | psychological secondary and third categories, which correspond to different aspects of the responsibility of
£ E the enterprise
g
g & Generalizes stakeholder theory according to different organizational forms of entities\ and
< £ | Organizational [ domains, such as individuals, projects and government departments, as well as in public
29 policy
=
E (s}
g5
S = The global standard of interaction with interested parties is the assessment, development and
< N implementation of an integrated approach to interaction with interested parties, which is aimed
£ = Integrated ~ —{at interacting with clients about their expectations regarding directions, methods, management,
S effectiveness, analysis of stakeholders from the point of view of the formation and
g ° implementation of important issues; development of innovative solutions for current and
S identified problems
S
Y . The survival and success of a business depends on the ability of its leaders to create value for
< Value-oriented [ stakeholders. They indicate the need to consider management "for" and not "from" stakeholders
Administrative H Defines ways of managing different categories of stakeholders
The subject area of the approach is not only the functioning of the organizational object, but
p N the explanation of the nature of relations between stakeholders, which is revealed through the
rocess processes that accompany relations and the results obtained as a result of resource exchange
between stakeholders

Figure 3. Methods to management decision making regarding identification,

organisation and transformation of stakeholders

Source: developed by the author
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According to the proposed, it is efficient to choose a
method that will be optimal taking into consideration the
existing conditions. The third block, on the basis of previ-
ous analytical studies, involves making a management de-
cision regarding the choice of a method among the possible
ones for one or another group of stakeholders. Based on the
choice made, monitoring of stakeholders is carried out in
order to detect their possible change, as well as a change
in their interests and influence, their priority, which is ex-
pedient in the conditions of dynamic opportunities. Hence,
a managerial decision is made to change the interaction
strategy. Furthermore, the implementation of the cho-
sen interaction strategy, its effectiveness and timing are
checked and the correction is made.

This fact proves the need to develop scientific and
methodological support for the formation and implemen-
tation of stakeholder interaction, taking into consideration
dynamic changes, goals that must be achieved by the sub-
jects of relations, and opportunities for their implementa-
tion.For this, a scientificapproach to the formation of stake-
holder interaction is proposed, which consists of 3 blocks.

Block 1 (Fig. 1) describes national and foreign experi-
ence in the development of forms of stakeholder interac-
tion was carried out in accordance with the structure of the
innovation network, requirements for knowledge exchange
and specifics of business relations. Morphological analysis
determines the level of involvement (the degree of commit-
ment and non-commitment to the activity taking place),
the types of connection with the activity for each of the
stakeholders, and the purpose/results of such an activity.

Block 2 (Fig. 1) is divided into three phases: interaction
identification, interaction organisation, and interaction
transformation. The interaction of stakeholders from the
initial processes (identification and organisation) to the
transformation of interaction is presented in the article.
Processes of value creation and acquisition, development
of innovations and integration/exchange of knowledge are
disclosed. As a theoretical contribution, the results of the
research provide an integrated study of different types of dy-
namic capabilities about the need to investigate the connec-
tionsorrelationships between types of dynamic capabilities.

The Block 3 (Fig. 1) involves making a management de-
cision regarding the choice of a method among the possible
ones for one or another group of stakeholders, based on the
choice made, monitoring of stakeholders is carried out in
order to detect their possible change, as well as a change in
their interests and influence, their priority, which is expe-
dient in the conditions of dynamic opportunities.

Thus, in contrast to existing studies, new hypotheses
and scientific tasksin the theory of stakeholders were formu-
lated, appropriate directions and appropriate methods were
chosen for their solution, which allows for effective system
analysis, selection of a conceptual model of the information
system environment based on mathematical models and
methods decision-making, parameterisation of the compo-
nents of the intelligent decision-making support system.

A large amount of research in the framework of the
innovation economy focuses on the identification of stake-
holders of current activities, but there is a need to identify
potential and indirect stakeholders. Most of the scientists’
research is devoted to the descriptive analysis of the evo-
lution of documents devoted to the study of stakeholders.
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The works highlight the thematic groups of open innova-
tion, consumer-oriented analysis, service ecosystem and
service innovation, as well as two new trends: servitisa-
tion and the sharing economy [18; 21]. On the basis of the
presented results, the evolution of stakeholder research is
identified and characterised, but as a result of the value
transformation with the evolution from potential to re-
alised, which is ensured by the successful passage of the
phases of identification, organisation and transformation
into identified stakeholder interaction.

Also, based on the systematisation of literature, on the
basis of which the organisational and modernising factors
of the variables that affect the relationship between stake-
holders were selected [21] levels were formed participation
and types of communication that different interested par-
ties can have, which further determines the level of involve-
ment (the degree of commitment and non-commitment to
the activity taking place), the types of communication with
the activity for each of the stakeholders and the purpose/
results of such activity. The use of the specified influencing
factors made it possible to determine the dynamic possibil-
ities of the system of interaction of stakeholders, its ability
to form, transform and integrate values in the conditions of
a changing environment.

Scientists also proposed an integrated approach to
identifying stakeholders by grouping and structuring their
problems based on a combination of qualitative and quan-
titative analysis [24]. Quantitative analysis presented the
formation of thematic groups [18] and influencing factors
on stakeholders [21] supplemented by modelling of dy-
namic possibilities of interaction between stakeholders
and aimed at the formation of sustainable management
methods in the decision-making process. Qualitative anal-
ysis, which involves the identification and structuring of
key problems for certain types of stakeholders, and their
generalisation by forming cause-and-effect relationships
around one common problem. These processes are repre-
sented and complemented by aspects of innovation devel-
opment, namely co-evolution, value creation and sharing,
stakeholder capabilities and innovation network structural
elements, providing a multi-dimensional integrated model
of knowledge integration/exchange, stakeholder capabili-
ties and innovation network structural elements ensured
by the success of interaction stages stakeholders in the
innovative economy with the evolution of potential value.

Studies that focus on planning and management deci-
sion-making processes in stakeholder interaction [19; 25]
involve the formation of models of polycentric governance
and co-creation. The proposed methodical approach in-
volves making a managerial decision regarding the choice
of method among a possible certain group of stakeholders
in order to identify their possible change in their interests
and influence, a priority that is expedient in the conditions
of dynamic opportunities.

e CONCLUSION

On the basis of the conducted research, a scientific ap-
proach to the formation of stakeholder interaction is pro-
posed, which, unlike the existing ones, takes into account
the multidimensionality and dynamics of the characteris-
tics of stakeholders. Taking into consideration the fact that
the dynamic possibilities of interaction of stakeholders

Development Management. 2022. Vol. 20, No. 4



Scientific approach to the formation of stakeholder...

require reflection and adjustment, approaches to manage-
ment decision-making regarding the identification, organ-
isation and transformation of stakeholders.

Thus, the proposed scientific approach to the forma-
tion of stakeholder interaction allows us to consider the
evolution in the practice of stakeholder interaction in a
pluralistic context, seeking to overcome antagonisms and
internal needs, synthesising in an integrated approach or-
ganisational processes that support interaction with stake-
holders within the innovation network, since dynamic op-
portunities are integrative processes. A scientific approach
to the formation of stakeholder interaction is proposed,
which consists of 3 blocks (formation of the information
space for determining the components of the innovation
network and relations in the process of stakeholder inter-
action; implementation of the process of interaction of

stakeholders in the conditions of dynamic opportunities;
reasonable choice of management decisions regarding the
impact on the interaction of stakeholders).

The use of this scientific approach to the formation of
stakeholder interaction in the innovative economy has the
following advantages: the main characteristics of innova-
tion networks and their structural aspects of stakeholder
interaction are defined; interconnected processes in inno-
vation networks are structured; the dynamic capabilities of
stakeholder interaction processes are taken into account
according to their phase (identification, organisation or
transformation); the potential, some limitations and direc-
tions of interaction management are outlined.

The interaction of stakeholders is important for
achieving the SDGs, which determines the relevance of fur-
ther research.
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HaykoBu# nipxig po popmMmyBaHHS B3aEMOAIi cTemkxongepis
B iHHOBaLiMHiN eKOHOMIUi
BikTopia MukonaiBHa OcTaneHKo

XapKiBCbKMM HaLioOHaNbHMM eKOHOMIYHUIM YHiBepCcUTET iMeHi CeMeHa Ky3Heud
61166, npocn. Hayku, 9A, M. XapkiB, YKpaiHa

AHoOTaLisl. AKTYaJIbHICTh DOCTIIPKEHHS BU3HAUAETHCS TUM, 110 OCBiTa Ta HayKa MOTPeOYITh HOBMX METOiB YITPaBIiHHS
iHHOBALifHMM pPO3BMUTKOM, IO Teperbavae 3alyuyeHHs CTeNKXONJepiB A0 TMpolecy NPUITHITTS pilieHb. Bruius
CTEeJMKXO/IePiB MOXe BiAPi3HATMCA HA Pi3HMX eTanax LisyIbHOCTI, 3aJI€XKHO Bif, 30aTHOCTI NpuiiMaTy pilieHHs. MeToio
JOCTiIKeHHST 6Y/7I0 BU3HAUEHHS B3A€MOJIii CTEMKXONIepiB sIK HOPMATUBHY KOHIIEIMIIiI0 3 MPAKTMUKOIO BIPOBAIKEHHSI,
IO MOXe CTMMY/IIOBATM PO3BUTOK Teopii Ta 3abe3meuyBaTy NpaKTHUYHE 3aCTOCYBaHHS Ha mpakTtuili. OCHOBOIHO
(bopMyBaHHSI HAYKOBOIrO TMigxomy A0 (GOpMyBaHHS B3aeMOfii CTeiKXoafepiB B iHHOBAaIliliHiii eKOHOMIli Gynu Taki
MeTOAM, SIK CTPYKTYPHMUII ¥ KOMIIapaTMBHMII aHasli3, MeTOJ y3arajbHeHHs. 3alpOIOHOBAHO HAYKOBMI Migxin 1o
dbopmyBaHHSI B3aeMOJIii CTeIKXONAePiB, sIKMiT Tlepefbavae iHTerpoBaHMil Mpolliec iX B3aeMOZil B iHHOBaliifHiT Mepexi
Ha OCHOBi IMHAMiUHMX MOK/IMBOCTE 3 eJleMeHTaMy aHa/li3y MOJelbHUX 3MiHHUX. I]e 1ae 3MOTry KOpUTYBaTH €JIeMEeHTU
iHHOBAIIiIfHOI MepesKi, XapaKTep BiIHOCKH i3 3aI[ikaBJIEHMMM CTOPOHAMM Ta CIIPUSIE €BOJIIOLIT MPUXMIBbHOCTI, BiTHOCUH
Ta OOMiHY 3HAHHSIMM MiX 3aI[iKaBJI€HMMM CTOPOHAMM, a TaKOXX KOpUTyBaHHs, pediekcii Ta amamTtarii B3aemogmii i3
3aI[iKaBJIeHMMM CTOPOHAMM Ta CKIJA€Thes 3: popmyBaHHs iHDOPMAIiIHOTO TTPOCTOPY /IS BUSHAUEHHS CKIAIOBUX
iHHOBAIlilfHOI Mepeski Ta BiZHOCUH y IIpolleci B3a€MOJIii CTeMKX0NAepiB; 3AiliCHEHHS MPOLlecy B3aEMOZii CTeikXoepiB
B YMOBax OVHAMIUHMX MOX/IMBOCTEIi; OGIPYHTOBAHOTO BMOODPY YIPaBIiHChKMUX PillleHb IIONO BIUIMBY HA B3a€MOIi0
CTeikxonaepiB. PesynbTaTyt JOCTiIKeHHS BimoOpaskaioTh CTPYKTYPY B3a€MOii CTeKXOIaepiB, 3aCHOBAHY Ha IpOIeci
imenTudikanii, opranisamii Ta TpaHcopmaiiii, iHTerpoBaHMX y CITiJIbHe CTBOPEHHSI Ta LIiHHICTh, iIHHOBALIITHY Mepexy
Ta 06MiH 3HaHHSIMM. OTpUMaHi pesyabTaTV MOXYTb OYTM 3aCTOCOBAaHi B MPaKTUUHIl HiS/IbHOCTI OpraHiB AepskaBHOI
BJIAJV Ta MiCII€BOTO CaMOBPSIAYBaHHS, BULLMX HaBYaJIbHUX 3aK/aiB, Jep>KaBHUX ITiINPUEMCTB, OpPraHisalliii Ta yCTaHOB,
MPUBATHUX MiAMPUEMHULBKUX CTPYKTYp IpuU (HOPMYBaHHI iHTe/NeKTyalbHUX, HAYKOBUX pecypciB Ta iHbopmaiitHmux
TEXHOJIOTii, eeKTMBHOMY BUKOPUCTAHHI Ta SIKICHOMY BIOCKOHa/leHHi Bcix (GaKTOpiB BUPOOHMIITBA, IO CIPUSITAME
PO3BUTKY HOBOI SIKOCTi CYCITiTbHO-I€PsKaBHUX BiTHOCUH

KirouoBi c1oBa: iHHOBalliiiHa Mepeska; 06MiH 3HAaHHSIMM; IiJIOBi BimHOCHHM; imeHTUdiKallis; opraHisallis; TpaHchopMalrist
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Abstract. In order to optimise the process of prepress engineer work, it is necessary to provide a high-quality display
of the line image, which ensures the most accurate transfer of the geometric dimensions of individual elements. The
purpose of the article was to determine the degree of influence of the binarization threshold on the resolution value
of raster line images. The experiments were based on the use of general scientific methods of analysis, generalisation,
classification, deduction. To assess the quality of line image reproduction in this paper, photoforms were employed using
a line test object which was designed as an accurate photograph with the use of an optical density distribution profile.
The paper examines the influence of various parameters of raster structures on the playback quality of reproductions.
The specifics of using a photo output device as the main link, which ensures the reproduction quality of image details,
have been determined. The geometry of the raster structure when using rotation angles with rational tangents has been
analysed. Features of the Accurate Screening technology have been systematised. The difference between “rational” and
“irrational” rasterization methods has been considered. The main aspects of the use of line details in the reproduction
process have been considered. The proposed method for assessing the quality of a line image reproduction with an
uneven edge has been called the “signal-to-noise ratio” method, and it has been concluded that the scanning stage
affects the quality of image reproduction to a greater extent than the photo output. The practical result of the work
is the development of recommendations that can find practical application in reproduction processes. The developed
binarization algorithms allow processing of images with significant zonal brightness unevenness, with monotonous
brightness areas, and highly noisy images
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¢ INTRODUCTION

The need to obtain a clear, high-quality reproduction and  complete disappearance of small lines in the reproduction

high-quality line details reproduction of the image, which
can be either single or a part of group lines of periodic
grids, determines the relevance of the topic of this paper. In
the process of reproducing line originals, the main task is
usually to accurately convey the geometric dimensions of
the line elements. With poor geometric accuracy, lines may
be distorted in the reproduction process, this is especially
noticeable for small details.

The interval of optical densities between the repro-
duced transparent and opaque areas of the photoforms
should be sufficient to ensure the protection of the mould
material from the effects of radiation in the subsequent
copying process. As the size of the part decreases, the op-
tical density of the part also decreases. Combined with
distortions of geometric accuracy, this can lead to the

process. The sharpness of boundaries may be lost when
playing back an analogue image, especially if the con-
trast ratio is insufficient. When reproducing line details
in the system of element-by-element image processing
(SEIP) on photoforms and further on printed prints, the
well-known effect of reproducing line originals in SEIP is
revealed, manifested in the formation of a stepped bound-
ary structure during discrete line formation. In each row,
the details of the image may have a sharp U-shaped tran-
sition at the boundary, but depending on the mutual ori-
entation of the scanning direction and the location of the
line element, when being visually assessed, a rectilinear
continuous boundary of contours and lines can be distort-
ed to a greater or lesser extent, affecting the quality of the
perceived image.
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Together, all these parameters — geometric accuracy,
optical density interval, structure of the edges of object
boundaries and line details, image contrast — can deter-
mine the image clarity. Currently, there is no systematic
data on this problem, so this topic is relevant.

Scientific works [1-3] develop the problem of analys-
ing print quality depending on the specifics of technologi-
cal aspects of image reproduction mechanisms. But, these
works do not consider the concept and possibilities of en-
tering information that affects the image clarity.

Studies [4-6] develop the principles of image discreti-
sation into different raster dots of the same distance. But
these studies lack the list and analysis of the principles of
how to build adaptive colour separation.

The issues of obtaining images in various registration
systems, when transmitting visual information through
communication channels, are raised in works [7-9]. Howev-
er, these works lack recommendations regarding the assess-
ment of methods of image discretisation and quantisation.

Scientific works [10-12] consider the features of repro-
ducing a line image for digital printing. But these works do
not provide the results of the study of the sharp properties
of a raster line image when using various raster structures.

Aspects of automation and information support of re-
productive processes are given in studies [13-15]. However,
these works lack the study of the mechanism of digital data
processing in order to obtain reproduction.

Problems of colour transformation are analysed in
studies [16-18]. However, these works do not take into ac-
count the influence of the binarization threshold on the
image resolution.

The main aspects of colour representation modelling
in different colour systems are given in work [20]. But these
studies do not contain consideration of key aspects for ad-
justing equipment to achieve the required quality of colour
image reproduction. Thus, this article was to study the de-
gree of influence of the binarization threshold on the reso-
lution value of raster line images.

The novelty of the work consists in building a model
of data flows in the reproduction system, which allows an-
alysing information about the parameters of the printing
process and adjusting the equipment settings to achieve
the required quality of colour image reproduction.

e MATERIALS AND METHODS
To achieve this goal, the article uses the following research
methods:

1. Generalisation. Using this method, an experiment
has been conducted in which the influence of the raster
structure on binarization algorithms has been studied.

2. Classification. Using this method, noise sources in
the binary channel acting on the periphery of the binary
image, have been investigated;

3. Deduction. Using this method, noise research has
been carried out. In real physical systems and complex pro-
duction processes, noise plays an important role, usually a
negative one, because it leads to errors, resulting in unde-
sirable properties;

4. Analysis. This method made it possible to describe
the process of printing a pictorial original, for which a pho-
toform was applied using a line test object. This scheme
allows identifying characteristic components such as, for

29

example, a binary channel, which is the basis for studying
the noise immunity of binarization algorithms.

To study the robustness of binarization algorithms in
relation to the printing process, a binary channel model
with erasing noise has been introduced. This model, where
two input signals 0 and 1 with some probability are con-
verted into one, is well-known in information theory.

Such a noise model has not been considered for digital
image conversion. In this model, the channel is a printing
device whose input is a binary image obtained from a half-
tone, and whose output is “paper”, where the “paint” repro-
duces the binary image. The elements “paint” and “paper”
can have different implementations, for example, it is pos-
sible to talk about electronic paper or ink based on modern
technologies. However, the methods of reproducing a half-
tone or colour image do not change.

In this work, to assess the quality of a line image repro-
duction, photoforms have been made with the use of a line
test object (TO) made by the method of accurate photog-
raphy. These photo- forms have a profile of optical density
distribution. TO consists of 25 groups of lines. Each of these
line groups contains a set of lines located at the angles of
0°, 45°, 90°, 135° to the direction of line scanning, which
allows analysis for the lines with different spatial orienta-
tion. Three groups of lines — 1%, 11" and 21%* — were chosen
for the research, the sizes of the lines in these groups were
measured with a microscope.

e RESULTS AND DISCUSSION

Analysis of image detail reproduction using a photo
output device

The main link that affects the quality of image detail re-
production is the photo output device, which consists of
a raster image processing processor (RIP — Raster Image
Processor) and a recording device (RD). Possible options
for RIP implementation are a separate electronic device or
a program or interface card of a personal computer [10]. It
perceives a stripe image recorded in TIFF, PostScript, EPS
or PDF format, which contains vector and raster informa-
tion, and converts the information expressed in this form
into bitmaps. In printing, the main data encoding standard
is the PostScript graphic language developed by Adobe. As
a result of processing in RIP, bitmaps contain information
about the size and shape of a line or raster dot, about the
angle of rotation of a raster structure. The raster structure
is formed according to the matrix-specified transformation
entered into the RIP memory.

The task of RIP is the formation of a pixel grid, on the
background of which a grid of a raster structure is being
formed, the size of its elements will depend on the size and
shape of the recording spot (corresponds to the size of the
spot of the laser beam), and recording resolution. The val-
ue of the dimensions of the image details generated in the
photo output device (POD) should match the values actu-
ally obtained on the photo material. Theoretically, such a
match is relatively easily achieved if the diameter of the
laser beam is clearly correlated with the established res-
olution of the POD when the following condition is met:

d1=2'54/R: (1)

where R is resolution (dpi); 2.54 is the conversion factor
from inches to centimetres.
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If this condition is not met, the photo output becomes
non-linear, i.e., in order to obtain the required value of the
line dimensions of the parts and raster dots, it is necessary
to take into account the obtained distortions. The greater
the discrepancy between the diameter of the laser beam and
the output resolution, the greater the nonlinearity. Non-
linearity leads to an increase in the size of the raster dot,
distortion of the characteristic curve, changes in the size
of line details, loss of time for linearization (calibration) of
the POD and, ultimately, to a high probability of the defect.

So, in the process of research, the elementary raster
structure has been considered as a simple square that can
be rotated to a random angle. In the process of digital ras-
terization, a single raster structure must actually be exam-
ined from the standpoint that it is a two-dimensional grid
of individual pixels. The reason for this consideration of the
raster structure is the fact that pixel structures with trun-
cated elements cannot be obtained. In the case of a single
raster structure form with the correct square parameters,
the desired result can be obtained when using a rotation
angle of 0° (Fig. 1).

Bitmap cell of 14x14 pixels

) [ 5 T
T T

Figure 1. Raster structure of 14x1=196 pixels
Source: [8]

In the case of raster structure rotations, all corners
become “occupied” with neighbouring pixels. Angles that
have an integer pixel distance both vertically and horizon-
tally are considered acceptable (Fig. 2).

Bitmap cell
/

Perfect
contour

Figure 2. Raster structure at an angle of 45°.
Its contour differs from the ideal raster structure
Source: [§]

The process of rasterization is called Rational-Tan-
gent rasterization (RT). A graphical representation of the
RT-rasterization process is shown in Figure 3.
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Figure 3. The geometry of the raster structure,
changed in the process of RT-rasterization
Source: [§]

The results of the displacement in the process of
RT-rasterization are given in the Table 1.

Table 1. Specificity of raster line frequency resulting from RT-rasterization

Angle of rotation

Raster line frequency

Yellow 0.0° 50.0 line/cm
Blue 18.4° 52.7 line/cm
Black 45.0° 47.1 line/cm

Purple 71.6° 52.7 line/cm

Source: [2]

Adobe developed Accurate Screens as part of Post-
Script (Level 1) and PostScript (Level 2). Adobe’s com-
petitors offered the following technological solutions to
support RT-rasterization: Heidelberg developed the HQS
(Higher Quality Screening) system, Agfa Corporation cre-
ated the Balanced Screening technology.

Rasterization analysis by irrational tangents

The difference between the methods of “rational” and “ir-
rational” rasterization is determined by the specific fea-
tures of rational and irrational numbers.

Development Management. 2022. Vol. 20, No. 4

In the case of “irrational” rasterization, a matrix with
preciselydefineddistancesbetweenthe centresofrasterdots
is used. In the case of “irrational” rasterization, the raster
dot changes according to the mechanism of pixel changes.

While with amplitude-modulated rasterization (AM-
rasterization) individual raster dots are located at equal
distances from each other and only their sizes (amplitude)
change, when using the method of frequency-modulated
rasterization (FM-rasterization) the raster dots have the
same dimensions, but they are randomly distributed on the
printed surface.
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The processing of digital data in order to obtain repro-
duction in many cases leads to completely new forms of
organisation of production (as mentioned at the beginning
of this section). These changes made to various digital data
flow control systems (Workflow) gave a new sound to the
sample and digital colour sample.

One of the traditional phenomena for polygraph re-
production is the appearance of moiré. The moiré phe-
nomenon is based on the fact that when summing signals
(electrical, optical, etc.), the resulting signal contains a
low-frequency difference component.

To reproduce monochrome products, the recommend-
ed regular structure angle should be close to 45 degrees
from the horizontal image. This complicates the visual per-
ception of the raster image structure on the print and there-
by positively affects the perception of the image as a whole.

To minimise moiré in the conditions of autotype syn-
thesis, a change in the rotation angles of raster structures is
used. At the same time, the rasters for contrasting colours
(black, blue and purple) form a moiré of a shorter period,
because they are separated from each other by 30 degrees.
The raster for the yellow paint form, which is at an angle
of 15 degrees to the other two, gives a lower frequency, but
barely noticeable moiré due to the low visual contrast of
the yellow paint (although it is the cause of the visually
visible moiré, under standard rasterization conditions).

So, the following are used as standard raster rotation
angles in printing:

0° - for yellow paint;

45° — for black paint;

15° — for blue paint;

75° — for purple paint.

In some cases, the interaction of the drawing structure
and the periodic raster structure can be observed, which de-
pends on the width of the detail, the relative location of the
image details and the direction of the raster structure. In
printing, this phenomenonis called object moiré,and it must
be taken into account when developing the technique and
evaluating the obtained results. The angles that determine
the mutual orientation of the detail and the raster structure
can be different, therefore the object moiré can be different.

When assessing the reproduction of line details with
the help of periodic boundaries, it is necessary to take into
account the possible occurrence of object moiré between
these boundaries and the raster structure located at these
angles. This is a question that also needs research.

When displaying visual information, the problem of
accurate transmission of small details arises. Real infor-
mation display systems always have some blurring, which
manifests itself in the fact that an infinitely larger impulse,

Table 2. Sizes of lines and gaps of the studied groups on the original, pm

Angle 135°

Angle 0°

applied to an infinitely small space and called a b-func-
tion, is reproduced by the system no longer in the form of
a b-function, but by a blur spot which is characteristic of
this system (or its separate link). Among the practically im-
portant tasks there is the calculation of the intensity dis-
tribution in the image of a single line detail reproduced in
the system or in its separate links with blurring. For exam-
ple, for POD, among other factors affecting the quality of
the microstripe image, there is a characteristic due to the
transmission properties of the “exposure beam-recording
medium” system. Experimental studies to assess the trans-
mission characteristics of such a system have proven the
suitability of this method.

The definition of the FPM by the edge function (EF)
is of interest, firstly, because the edge of the detail is an
object that is easy to manufacture, and secondly, because it
becomes possible to define the FPM from ready-made im-
ages in which there is no test-object, since the edge is on
many objects (corners of buildings, pipes, etc.).

Assessment of the reproduction quality of a line image
The work [4] proposes methods for assessing the FPM of
photographic materials using the raster method, which
provide the possibility of assessing the FPM for high-con-
trast images. When measuring the FPM of materials by this
method, light is printed on them by the contact method, it is
a linear raster with a ratio of transparent and opaque lines
of 1:1, which has a constant frequency. The conditions of
the experiment are close to those investigated in this work.
Prints of a linear raster and a stepped wedge are obtained
on contrast photographic film and, after measuring the op-
tical densities of the original wedge, as well as halftone and
raster wedges, characteristic curves are being constructed.

The need to move from one function to another is due
to the fact that, with the essentially identical information
content of different functions, they have different practical
properties. For example, the important properties of TNF
include, first, the relative convenience of its assessment,
and second, with the use of TNF, the transfer characteristic
of the system can be easily calculated from the known TNF
of individual links. With the use of TNF, it is possible to
separate the influence of different links of the TNF system
and it can be determined using relevant experimental data,
or by calculation according to the known line blur func-
tion (LBF) or CF, TNF determines the value of the contrast
transmission coefficient of a one-dimensional grid with a
sinusoidal distribution of intensity that depends on the
spatial frequency of the grid.

Sizes of lines in groups of lines were measured using a
microscope and are presented in Table. 2.

Angle 45°

Angle 90°

1 group 173.4 184 174.6 183.5 175.5 181.8 171 187
11 group 98.7 101.7 98.7 102.6 96.3 102.9 97.8 102.9
21 group 52.8 56.4 53.7 57.3 54 58.2 54.3 56.7

Source: made by the authors based on [4]

With the use of the obtained photoforms, an assessment
of the impact of scanning parameters and line image output
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on the final quality of its reproduction has been carried out.
Scanning was made on a flatbed scanner with the change of:
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- scanning resolution R, -800 ppi, 1520 ppi, 2500 ppi;

- binarization threshold T: 50%, 60%, 70%, 80%;

- scanning functions: Good, High, Excellent, 4 times
Excellent.

The physical meaning of the “scanning function” pa-
rameter is not clearly defined, probably these functions dif-
fer in the organisation of the sharpening processes during

scanning, in the accuracy of reading and in the speed of the
signal processing. According to the results of line size mea-
surements with a measuring microscope, curves were con-
structed for three size groups, characterising the dependence
ofthe obtained line width on its spatial orientation and bina-
rization threshold. As a sample, Figures 4-6 present depen-
dences for three size groups at RB=800 ppi and RB=2540 dpi.
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Figure 4. Dependence of the T line width on the photoform for the 1 group
on the spatial position of the line at the values of binarization threshold RB=800 ppi

Source: made by the authors
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Figure 5. Dependence of the T line width on the photoform for the 11% group
on the spatial position of the line at the values of binarization threshold RB=1520 ppi

Source: made by the authors
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Figure 6. Dependence of the T line width on the photoform for the 21 group
on the spatial position of the line at the values of binarization threshold RB=2500 ppi

Source: made by the authors
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The analysis of the experimental data showed that
the “binarization threshold” parameter has the greatest
influence on the dimensional resolution. In modern pho-
to-printing systems, a rather sharp border of micro-line
elements along and across the recording terms is ensured
due to the high contrast ratio (y>-8) and the relatively high
resolution of the photo material, resulting in the maximum
optical density. However, with other line orientations, there
is a loss of reproduction quality, caused mainly by a vio-
lation of the homogeneity of the line, its breakdown into
fragments that form the stepped structure of the image.

Therefore, data on the line width with the part width
measured by visual averaging can be considered as approx-
imate, in particular, for lines at 45° and 135° angles. The
use of such a criterion as “width of the detail” for a direct
assessment of the reproduction accuracy seems time-con-
suming and quite ambiguous in the presence of a stepped
boundary structure of the line detail, loss of line continuity.

The proposed methodical recommendations regard-
ing the improvement of line image reproduction in the
system of prepress engineer work continue the author’s
research [13; 15] on issues of information support of print-
ing production processes. The developed technique can
be used to analyse the resolution of raster line images, re-
search possible deviations in the process of raster optimis-
ation, and perform an assessment of reproduction quality.

The developed technique solves the problematic part
of managing the processes of prepress preparation of
printed products in terms of assessing the accuracy of line
image reproduction. This is achieved due to the method-
ology developed by the authors for optimising the “signal-
to-noise” ratio when assessing the reproduction quality of
the line image with an uneven edge. At the same time, the
authors found that the scanning stage affects the quality of
image reproduction to a greater extent than the process of
photo output.

This work, as well as studies [2; 9; 12], analysed the
reproduction of image details using a photo output device.
It considers an elementary raster structure in the form of
a simple square with the possibility of subsequent return
to an arbitrary angle. However, the mentioned studies [2;
9; 12] do not take into account the aspect of digital raster-
ization, in which the elementary raster structure must be
implemented in the form of a two-dimensional pixel grid.
At the same time, it is impossible to obtain partially trun-
cated pixel structures.

This research analyses the specifics of digital data pro-
cessing in order to obtain reproduction. Studies [1; 5; 8] of-
fer various ready-made information systems to implement
the task of processing large arrays of digital data. Howev-
er, this work, unlike studies [1; 5; 8] analyses the Accurate
Screening technology, investigates electronic rasterization
according to the Accurate Screening method, considers the
features of the PixelBurst coprocessor, which performs off-
loading functions of the main RIP processor.

The results of this research make it possible to overcome
the phenomenon of moiré, which occurs as noise when sum-
ming up electrical, optical and other types of signals. At the
same time, the resulting signal is a low-frequency differ-
ence component. Scientific articles [14; 20], in contrast to
thisresearch, give an overview of the processes of line image
optimisation without taking into account the moiré effect.
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This work, as well as studies [3; 19] used photoforms
to assess the quality of rasterization. However, a distinctive
feature of this work is the fact that in order to carry out an
experiment, it used manufactured photoforms based on a
line test object, which was created by the method of accu-
rate photography.

The obtained results of the research on the develop-
ment of a methodology for assessing the quality of line im-
age reproduction are adequate within the limits of prepress
printing production.

The limitations of the created methodology to conduct
a study of the degree of how binarization threshold influ-
ences the resolution of raster line images were that it does
not take into account the possible situations of uncertainty
that may arise in the process of measuring line sizes with a
measuring microscope for different size groups.

In addition, errors are possible when using a flatbed
scanner to assess the impact of scanning parameters and
line image output on the final quality of its reproduction. It
is possible to overcome these errors due to the involvement
of experts, but this, in turn, can lead to the subjectivity of
the obtained results of analysing the resolution of raster
line images.

o CONCLUSION

This research was based on the fact that studying the insta-
bility of the printing process is of great practical interest,
for example, in order to predict the result at the stage of
prepress. To solve these problems, the market offers a huge
number of products that lead to increasing stability. How-
ever, the question remains open, there are defective cop-
ies with certain defects in circulations. It is not possible to
completely eliminate defects, but by choosing the correct
components of the printing process, in particular by choos-
ing a noise-resistant binarization algorithm, the likelihood
of defects can be reduced.

The study of technological aspects of image formation
as a result of binarization and raster process implementa-
tion made it possible to conclude that image clarity can be
achieved by increasing such indicators as the regularity of
raster structures, the spatial location of image details in
relation to the direction of scanning and the angle of the
raster structure rotation, shape and size of a raster dot, in-
put-output resolution ratio, quality factor value combined
with castration frequency.

In computer publishing, the “binarization threshold”
has the greatest effect on the dimensional accuracy of a
binary line image. Special attention should be paid to the
correct choice of the binarization threshold as the main
condition for ensuring the accuracy of binary line image
reproduction.

A modification of the investigated algorithm has been
proposed, which uses the randomisation process to im-
prove the visual quality of the binary image.

As a result, there is a binary channel with a binary im-
age in digital form, where zeros and ones at the input are
converted into zeros and ones at the output, with the pres-
ence or absence of a printed element on paper. In a binary
channel, both input symbols are converted into one.

The scientific result of the article is the research sys-
tematisation of the influence of binarization parameters
on the result of line and raster image reproduction. The
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obtained binarization values make it possible to increase The direction of further research may be the devel-
the contrast, highlight low-contrast details in line images, opment of a comprehensive assessment of reproduction
and improve their visual quality. processes.
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MoKpalleHHS BiATBOPEHHS LUTPUXOBOIro 306pakeHHs
B cUCTeMi po60Tu npenpec-iH)XXeHepa

OnekcaHap IBaHoBMY MyLwkKap, €BreH Mmnkonamoesuyd NpaboBcbKun

XapKiBCbKMM HaLioOHaNbHMM eKOHOMIYHUIM YHiBepCcUTeT iMeHi CeMeHa Ky3Heuqd
61166, npocn. Hayku, 9A, M. XapkiB, YKpaiHa

AHoraujis. [Iy1g ontuMisaliii mpoiiecy poboTu mpernpec-iHkeHepa i 3a6e3rmeuyBaTi KicHe Bigo6pakeHHS I TPUXOBOTO
300paskeHHsI, [0 3abe3Meuye MaKCMMaabHO TOUHe MepelaHHs] reOMeTPUYHUX PO3MIpiB OKpeMuX eneMeHTiB. MeTorw
cratTi 6y/10 BU3HAUEHHS CTYIeHs BIUIMBY ITOpora 6iHapu3allii Ha BeIMUMHY PO3IiTbHOI 31aTHOCTI PACTPOBUX IITPUXOBUX
300paskeHb. IIpOBeeHHS €eKCIIepMMEHTIB IPYHTYBaJOCS Ha BUKOPUCTAHHI 3araJbHOHAYKOBUX METOMIB aHami3y,
y3arasibHeHHS, Knacudikariii, memyKirii. Jjist OIiHKY SIKOCTi BiITBOPEHHS MITPUXOBOTO 306paskeHHs y JaHiii po6oTi 6yino
BUKOPUCTAHO GoTodOpMM 3 BUKOPUCTAHHSIM ITPMUXOBOIO TECT-00’€KTA, SIKMi1 6YB po3pobeHnii ik TouHa (ororpadis 3
BUKOPUCTAHHSM PO PO3MOATY ONTUYHOI IIiIbHOCTI. B po60Ti JOCTIIKEHO BILIMB PisHUX IMapaMeTpiB PacCTpPOBUX
CTPYKTYp Ha SIKiCTh BiITBOpeHHSI penponyKiiii. BusHaueHo crenndiky BuUKopucTaHHs GOTOBMUBILHOTO MPUCTPOIO SIK
TOJIOBHOI JIaHKM, SIKa 3a0e3Meuye sIKiCTh BiOTBOpPEHHS HeTaseil 300paxeHHs. IIpoaHasi30BaHO reoMeTpil0 pacTpoBoi
CTPYKTYPY ITPY BUKOPUCTAHHI KYTiB TOBOPOTY 3 pallioHATIbHMMU TaHTeHcaMM. CUCTeMaTU30BaHO 0COBIMBOCTI TEXHOJOT i
Accurate Screening. Po3risiHyTO BiAMiHHICTh METO/IB «palliOHAIbHOTO» i «ippallioHaIbHOTO» pacTpyBaHHS. PO3I/IsIHYTO
OCHOBHi acCIeKkTM BMKOPUCTAHHI UITPUXOBUX JieTajieil y pPenpoAyKIifHOMY Mpolieci. 3alIpolloHOBaHa MeTOAMKa JJIst
OIIiHKM SIKOCTi BiZTBOpPEHHS IITPUXOBOTO 300paKeHHS 3 HEPIBHMM KpaeM, Ha3BaHa METOOUKOIO «BiZHOLIEHHS CUTHAJI-
IIyM» Ta 3pO6IEHO BUCHOBOK, IO Ha SIKiCTh BiTBOPEHHS 300paskeHHs B OLIbIIIN Mipi, HiK (OTOBMBI/, BIVIMBAE CTaMist
CKaHyBaHHS. [IpaKTUYHMM DPe3yIbTaTOM pOGOTM € PO3POOTEHHS peKOMEH[alliil sIKi MOXYTh 3HAWTM 3aCTOCYBaHHS Y
MPaKTUYHIl JisUTbHOCTI MpY MPOBEIEHH] PerpoayKIiifHOTro MpoiieciB. Po3pobieHi arroputmu 6iHapu3allii J03BONSIOTh
MPOBOAUTY O6POOKY 306pakeHb i3 3HAUHOIO 30HAJbHOK HEPiBHOMIPHICTIO SICKPAaBOCTi, 3 MOHOTOHHMMM O0aCTIMU
SICKPaBOCTi, 3 CUJIbHO 3alllyMJIEHMMM 306pakeHHSIMU

KirouoBi csroBa: po3[iibHa 31aTHICTh; GiHApU3allist; [O3BUT CKAaHyBaHHS; IITPUXOBi OPUTiHAMN; JIiHiaTypa pacTpiB

35 Development Management. 2022. Vol. 20, No. 4



Jornal homepage: https://devma.com.ua/en

DEVELOPMENT MANAGEMENT

UDC 519.1 Vol. 20, No. 4. 2022 @

DOI: 10.57111/devt.20(4).2022.36-44

Visualization of algorithms on graphs with
a large number of vertices: The features of applications design

Liudmyla Gryzun”, Oleksandr ShcherbakoV', Yurii Parfonov), Lilila Bodnar?

'Simon Kuznets Kharkiv National University of Economics
61166, 9A Nauka Ave., Kharkiv, Ukraine

2South Ukrainian National Pedagogical University named after K.D. Ushynsky
65020, 26 Staroportofrankivska Str., Odessa, Ukraine

Abstract. The task of visualization of large graphs as a special data structure and algorithms on them is considered by
scientists and practitioners as a complex and non-trivial problem. The analysis of scientific works and existing software
applications that implement similar functions of the subject domain testifies the relevance of expanding exploration
in the lines of identifying the features of the development of applications for the visualization of large graphs and
algorithms on them. The formulation of features and recommendations for the development of such software and
presentation of the software module designed by the authors is the aim of the article. In the course of the work, the
main features of the development of a program for the visualization of graphs with a large number of vertices were
identified and formulated using methods of analysis and graph theory. Special recommendations on the essence of
each of the stages of development of such applications were provided and those steps that are most important for
developers in terms of the complexity of processing and visualization of large graphs, metrics of their layout in the
application screen, etc. were identified. A software module developed by the authors, that provides a unified application
programming interface for visualizing any algorithm on graphs, which allows to save time working on utility software
and focus more on solving algorithmic problems is also presented. The presented module was developed by the authors
taking into account the identified recommendations. A comparative analysis of the developed software module and
analogues was carried out, which proved the extended functionality of the module for the visualization of graphs with
a large number of vertices. The module is a practically valuable tool for data structures researchers and other experts
working on graph algorithms, since it enables data visualization at debugging software and simplifies the analysis of
large data structures
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¢ INTRODUCTION

Graph theory makes a powerful theoretical basis for mod-
elling relationships between objects and solving variety of
practical problems in different subject domains. In com-
puter science, graphs are one of the most common and
widely used data structures. Current complex scientific and
technical problems expect to store and process huge data
amount for their solutions. By far, a lot of graph algorithms
have been developed which enable to solve great range of
problems: from search of the shortest ways to the optimis-
ation and numerical problems.

There are some cases, when it is quite complicated
to use or modify the algorithm without its visualization

which gets even more urgent when the problem expects us-
ing graphs with big number of vertexes (and edges, corre-
spondingly). For instance, the graph representation of the
car network of a developed European state or a big univer-
sity social network may demand tens of thousands graph
vertexes and edges.

Thus, it makes obvious the urgency of the extension
of the investigations in the lines of revealing core develop-
ment features of the applications which enable visualiza-
tion of big graphs and design of a module providing unified
Application Programming Interface (API) for visualization
of any graph algorithm.
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According to studies [1; 2], a graph with large number
of vertices (or so called “large graph”) is a graph with ap-
proximately 10K vertices and/or edges. The way the graph
is presented on the screen is called graph layout. In fact,
this is the result of a graph visualization algorithm that po-
sitioned all the vertices on the screen.

The researchers D. Lande and I. Subach [1], V. Babkov,
M. Serik [2], O. Demianchuk [3] emphasize core problems
of large graphs visualization, which are readability, speed
and algorithmic complexity. In this context, the research-
ers S.Iguana [4], F. Beck [5], A. Noack [6] emphasize the dif-
ficulties of aesthetic metrics determination for the criteria
of “good” layout.

There are distinguished three main ways to visualize a
graph: dimension reduction approach [4; 5], force-direct-
ed and energy-based approach [6], and features-based lay-
out which are analysed in terms of speed concerns in the
papers [7-9], where it is admitted that graph visualization
algorithms mostly have bad algorithmic complexity (qua-
dratic or cube one).

Thus, the analysis of the research papers [1; 3; 4] and
existing applications which implement similar functions of
the subject domain [4; 9] enables to testify, that despite the
variety of scientific papers related to graph visualization
problems, and, consequently, the number of software ap-
plications based on those researches, none of them has an
option to visualize advanced or custom algorithms using
API. The best analogues that have been found, could only
display predefined algorithms and usually only basic ones
(Depth First Search (DFS) [10], Dijkstra [11], etc.). They do
not have sufficient functionality that can be used mostly
for educational purposes.

Therefore, it can be concluded that the proceeding and
visualization of large graphs is an urgent issue. In addition,
in some cases graph data can be dependent on external fac-
tors and the basic algorithm should be modified to tackle
the problem properly, which often causes new mistakes
and bugs. The most efficient way to find them is to repre-
sent the data visually. Development of such applications is
really time-consuming and focuses rather on implement-
ing utility applications than working on real tasks solving.

Thus, the aim of this work was to reveal the core de-
velopment features of an application for visualization of
graphs with large number of vertices, and represent the
authors’ software module that provides a unified API to vi-
sualize any graph algorithm to save time working on utility
software and focus more on solving problems.

e MATERIALS AND METHODS

The set of theoretical and practical methods were used
during the work. The theoretical literature analysis al-
lowed to reveal the challenges of visualization of graphs
with large number of vertices and the development of an
application for this purpose.

Graph theory methods and exactly graph visualization
algorithms were used at the initial stages of the application
design and were taken into account at the formulation of
the core features of its development.

There were used three main ways to visualize a graph
which are characterised below: force-directed and ener-
gy-based approach, dimension reduction approach, and
features-based layout. Force-directed and energy-based
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approach includes the family of methods based on phys-
ical systems simulation. Vertices are treated as charged
particles that repulse each other, and edges model elastic
strings. These methods simulate the dynamics of this sys-
tem or find out a minimum of energy. Important methods of
this family are ForceAtlas [9], Fruchterman-Reingold [10],
Kamada-Kawai [11] and OpenOrd [12]. The last one uses
optimisation techniques to speed up computation. As a
useful side effect, graph gets more clustered. Such meth-
ods typically provide good result, and final plots reflect the
graph layout very well. However, they are also computa-
tionally hard and have a lot of parameters to adjust, which
was taken into consideration at their usage.

According to dimension reduction approach [4], a
graph can be defined as an adjacency matrix NxN, where N
is the number of nodes. This matrix can also be considered
as a table of N objects in N-dimensional space. This rep-
resentation allows to use general-purpose dimension-re-
duction methods (UMAP, tSNE, PCA, and others). Another
way to do it is to calculate theoretical distances between
nodes and then to conserve proportion moving to lower-di-
mensional space. The ideas of this approach were also rel-
evantly used at the appropriate stages of the application
design discussed below. Approach of features-based layout
is based on the idea that graph data reflect some objects of
the real world. Thus, vertices and edges can have their own
features according to object properties, real-life condi-
tions, etc. Therefore, these features were used to represent
them on the plane. It was possible to deal with node fea-
tures as with usual tabular data using dimension reduction
approaches or drawing a scatter plot for pairs of features.

It is important to emphasise the problems of these
approaches implementation which arise in terms of speed
concerns. For instance, one of the most common algo-
rithms from force-directed set of algorithms, the Fruchter-
man-Reingold [10], in its regular variant has a total runtime
of O(|VI*+|E]), where |V] is the number of vertices in a graph
and |E| is the number of edges connecting the vertices. The
grid-variant of this algorithm allows to reduce its runtime
to O(IVI+|E]): it divides the graph plot area into a grid of
squares and applies repulsion forces between the nodes in-
side of adjacent squares, excluding the iteration of nodes
further away. However, it is admitted that this runtime is
only achieved in a best-case scenario, remaining quadratic
for the worst-case scenario. Among the force-directed fam-
ily, it was also developed the GEM algorithm [6] with the
expectation to outperform in terms of runtime both the
Kamada-Kawai algorithm and the Fruchterman-Reingold
algorithm. According to [12-14], the total runtime of the
GEM algorithm is O(|VI(|VI*+|E])).

Similar level of complexity is inherited also to the al-
gorithms of dimension reduction approach. For instance,
Principle Component Analysis (PCA) algorithm has two
computationally crucial steps: computing the covariance
matrix and computing the eigenvalue decomposition of
the covariance matrix. The computational complexity of
the covariance matrix computations is O(NM>min(N, M)),
which is a result of multiplying two matrices of size MxN
and NxM, respectively. The worst-case complexity of the
algorithms of eigenvalue decomposition is O(M?) for a ma-
trix of size MxM. Therefore, the overall complexity can be
estimated as O(NMxmin(N, M)+M? [15].
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At the stage of design and development of the said
module contemporary specialised software and systems
such as Figma, Simple and Fast Multimedia Library (SFML),
Texus’ Graphical User Interface (TGUI) library, and C++
were used. The peculiarities of their usage are described in
details in the relevant subsections of the work.

o RESULTS AND DISCUSSION

The core features development of an application for visual-
ization of graphs with large number of vertices can be for-
mulated and characterised as following steps.

One of the basic steps for such an application is to pro-
vide users an ability to build a graph which later will be
used for algorithm visualization. The three most common
ways to represent a graph using data structures are adja-
cency list, adjacency matrix, and incidence matrix. Graph
data structures comparison for each of three ways in terms
of complexity of basic operations (graph storing, addition
(removing) of a vertex, addition (removing) of an edge,
etc.) are given in the Table 1 using big O notation (|V] is the
number of vertices in a graph and |E| is the number of edges
connecting the vertices).

Table 1. Graph data structures comparison for each of three ways of representation

Adjacency list Adjacency matrix Incidence matrix
Store graph O(VI+IET) o(vP) O(V1-|El)
Add vertex o(1) o(VP?) O(VI-|El)
Add edge o(1) o(1) o(V]-|E)
Remove vertex O(|El) o( V%) O(IV]-|El)
Remove edge oV o(1) O(IV]-|El)
Adjacency check o(V)) 0O(1) O(IEl)
Slow to remove vertices and Slow to add or remove vertices, | Slow to add or remove vertices
Conclusions edges, as it is necessary to find as matrix must be resized/ and edges, as matrix must be
all vertices or edges copied resized/copied

Source: developed by the authors based on [14-16]

The core peculiarity of this step which should be taken
into account is the following. Since graphs used by the po-
tential application are expected to have a large size (>10 000
vertices) it is crucial not to have a storage overhead. For this
reason,anadjacencylistisapreferredwaytostoregraphdata.

Graph visualization itself, being a complicated prob-
lem, determines its own peculiarities which should be
minded by the developers. The application on this pur-
pose should at least implement feature-based layouts. At
the same time, support of other methods would be recom-
mended for advanced versions of the application.

As it is expected to visualize a custom algorithm on a
graph, it is necessary to provide users with such an ability.
For this reason, there should be realised an API that helps
to create an algorithm steps file to reproduce these steps
later in the application.

One of the important features of such applications de-
velopment is prediction of its possible using for education-
al purposes and for quick verification of basic graph prop-
erties such as connectivity, looking for bridges, etc. In this
context, it is recommended to implement some basic graph
algorithms like Breadth First Search (BFS) [17], DFS, etc.

In this context, it is also relevant to follow the criteria
of “good” graph layout. It is important to apply some aes-
thetic metrics offered in research [4]:

(1) There should be minimum of edges intersection, as
too many intersections make the layout look messy.

(2) Adjacent vertices should be closer to each other
than not adjacent ones, as connected nodes in such a way
will look also closer, which is true in graph by definition.

(3) The set of vertices (communities) should be grouped
into clusters and they should look like a dense cloud.

(4) There should be minimum of edges and nodes over-
lapping.

Other researchers [5; 6] also formulated additional aes-
thetic criteria for graph visualization, such as reduction of
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visual clutter, reduction of spatial aliases and maximisation
of compactness. It is also concluded that in real practical
use, some of these criteria are in conflict with each other.

In terms of proving the choice of the technological
tools for the application development, it is relevant to keep
in mind some ideas. One of the important features of the
application functionality is to make it easier to debug dif-
ferent algorithm implementations. Since different devel-
opers can use different Operational Systems, it will be a
right decision to make the software cross-platform. On the
other hand, the application of this purpose is going to deal
with huge amount of data and to have the options for po-
tential extension in the future. Therefore, requirements for
the programming language include high performance and
preferably it should be object-oriented to simplify the in-
troduction of new features. Thus, all of these requirements
are met by C++ [18]. Since C++ standard library does not
provide tools for work with graphics, there should be a set of
libraries chosen for this purpose. In particular, SFML [19] is
helpful to create a display window and most of the graphics.
TGUI [20] library allows to provide a proper user interface.

Both of these libraries support multiple platforms
which is essential for a tool like this. The list of supported
platforms includes Windows, Linux, macOS, and even An-
droid is partially supported.

Development is preferably to be performed using a Li-
nux-based operating system, as it provides a lot of tools [21]
to facilitate the development process.

The application of such a purpose has to be open-
source, due to the important benefits of this approach:
users from all over the world can contribute to the tool
development, there is feedback mechanism on both imple-
mentation details and code quality, possibility for end-us-
ers to modify the application according to their needs.

The revealed and formulated features of development
of the applications for visualization of graphs with large
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number of vertices made a necessary theoretical and tech-
nological base for design of a module that provides a unified
API to visualize any graph algorithm to save time working
on utility software and focus more on solving problems.

Developed module does not contain any databases, as
they are not applicable in this scenario. Instead of it, data
interchange formats and solutions are applied, as it was
presented above. A graph is represented in a text format
and visualization steps include two core stages.

At the first stage, the graph is stored in a METIS-based
graph representation format, which is going to be extend-
ed since the module is expected to cover all possible graph
types in future. Possible options for graph types that will
be supported are: directed/undirected, edge-weighted,
node-weighted.

As it was pointed out, since proceeding graphs are ex-
pected to have over >10 000 vertices and are not going to
be stored overhead, an adjacency list was chosen as a way
to store graph data.

A graph G=(V,E) with N vertices is stored in plain text
format in a file with N+1 lines. First line contains two inte-
gers N and F that specify vertex number and a graph format.

Since there are several possible combinations of graph
types (which can be extended later), it was decided to use
a common programming technique to store this informa-
tion in a single integer where each bit specifies whether
some feature is used or not. For example, if one attribute
has a value of 0x08 and another one 0x02 to specify that
the graph will use both of them, a bit-wise OR is applied to
these values and the resulting number (10 in this case) will
be stored as a graph type. All these calculations will be defi-
nitely done behind the scenes and the user will be provided
with a user-friendly API. If the graph edges are weighted
value should contain 0x01, in case of node weights 0x02,
if the nodes’ position can be specified via coordinates (can
be used in case of feature-based layouts and also to restore
vertex positions after the graph building stage) 0x04, di-
rected graphs contain 0x08.

The remaining N lines of the file store information
about the current graph structure. In particular, the i-th
line contains information about the i-th vertex. Depend-
ing on the value of F, the information stored in each line is
somewhat different. In the most general form (when F=15)
each line has the following structure:

CXYV, W, V,W,..., e

where ¢ — node weight, xy — corresponding coordinates on
the plane, v, - vertex adjacent to the current one and w, —
weight of the edge to the adjacent vertex.

Next, visualization step, which collects information
about every pass of the visualization process (for example,
highlighting vertices and nodes). Some algorithms may re-
quire more sophisticated situations tovisualize (such as par-
titioning levels [22]), but the majority of algorithms do not
needit. Thus,provided functionality ofamoduleis sufficient.

To enhance user experience, the API provides an op-
portunity to combine several visualization steps into
groups. It is caused by the fact that, if for the sake of sim-
plicity, there was used BFS [22] as an algorithm to analyse,
there is no need to examine every topology check, and it
will be enough to observe the state of the graph only af-
ter every algorithm iteration. JavaScrip Object Notation
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(JSON) as a data storing approach was preferred to native
one, as it allows serialization of custom objects and also
supports arrays, which is crucial in this case.

Following the formulated features of technological
tools, the module was developed by the authors in C++
language with attraction of SFML and TGUI libraries, and
using a Linux-based operating system.

In this part of the work the developed module is char-
acterised.

Since the module architecture is complex and it is hard
to see all the details in one diagram, every software compo-
nent is discussed separately.

The starting point of the program is the Application
class which structure is presented in Figure 1 in the form of
diagram and built by the authors in the course of the mod-
ule design. It contains the main loop, handles the fram-
erate, and delegates user events to other classes. Window
class gathers user events, and handles camera movement
and everything related to updating and displaying the main
window of the application. To keep the user’s screen clean
and not messy the program is working in a single-window
instance and creates additional windows only to notify user
about wrong usage of the software. StateManager allows to
transit application from one state to another.

There are three main states which correspond to three
main screens of the application:

1) MainMenuState is a simple screen that allows
choosing whether the user wants to run a graph visualizer
or a graph builder;

2) GraphBuilderState (Fig. 2) is a screen that allows us-
ers to build a graph manually. It has several modes such as
‘Hand’, ‘Add vertex’, ‘Add edge’. It is much easier to build a
graph using a Ul tool rather than writing down raw values
into a plain text file.

3) VisualizationState, which is the most complicated
part of the module. It includes graph layout algorithms,
and sample graph algorithms to demonstrate the work of
the application and allows to visualize an algorithm pro-
vided by the user.

IGraphAlgorithm interface is used for predefined algo-
rithms within the program. For example, as shown in Fig-
ure 3, there are two basic algorithms that were implemented
for software testing purposes. Both of them implement run()
method which executes the algorithm using the provided
graph and returns a record for the visualization process.

Graph class contains an adjacency list which is essen-
tially a vector of vertices. Each vertex contains a list of out-
going topologies (in other words, all adjacent vertices), and
a colour specified to this vertex. Graph class also includes
ResourceProvider which is a useful utility that provides
shapes for vertices and edges.

AlgorithmRecorder class is designed to store and to re-
play the visualization process on a graph. This class is also
provided in the application’s API in order to allow users to
create algorithm steps data.

The module developed according to the core features
formulated above was tested on purpose of verification of its
functional requirements. As a result, it was possible to con-
clude that the designed software module meets all of them.

The developed module is implemented on the basis of a
desktop application (exactly the Ubuntu 20.04 distribution),
which is one of the most popular Linux-based distributions.
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Application

-window_:Window
-stateManager :StateManager -
gui_:std::shared_ptr<tgui::Gui>

- timePerFrame:sf::Time

+run()
-handleEvents()

-update(const sf::Time& time)

StateManager

gui_:tgui::Gui
currentState_:std::unordered map<State,

+ handleEvent(const sf::Event& event)
+update(const sf::Time& time)
+draw(sf::RenderTarget &)

-startGraphBuilder()

<<interface>> IApplicationState

+initGui(tgui::Gui& gui)
+ handleEvent(const sf::Event& event)
+update(const sf::Time& time)

Window

-window_:sf::RenderWindow
-camera_:sf::View

handleEvent(const sf::Event& event)
update(const sf::Time& time)
predrawing()
display()
isOpen():bool

<<enumeration>> State

+MAIN_MENU
+VISUALIZATION

Figure 1. Diagram of fundamental classes
Source: developed by the authors in the course of the module design

<<interface>> IApplicationState

+initGui(tgui::Gui& gui)

+ handleEvent(const sf::Event& event)
+update(const sf::Time& time)

Chyoom

.use

\/

GraphBuilderState

-graph_:Graph

+InitGui(tgui::Gui & gui)
+ handleEvent(const sf::Event& event)
+ update(const sf::Time& time)
+ draw(sf::RenderTarget &)

Graph

-type_:GraphType
AdjacencyList

+addVertex(VertexId from)
+ addEdge(VertexId from, VertexId to)
+ highlightVertex(VertexId, sf::Color)
+ highlightEdge(VertexId from, VertexlId to, sf::Color color)
+ vertexCount():size_t
+ storeToFile(const std::string& filename)

Figure 2. Diagram of GraphBuilderState

Source: developed by the authors in the course of the module design
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<<interface>>
IGraphAlgoritm

+run(const Graph & graph) const :
AlgorithmRecorder

BFS

DFS

+run(const Graph& graph) :
AlgorithmRecorder

+run(const Graph & graph) :
AlgorithmRecorder

Figure 3. Diagram of IGraphAlgorithm interface

Source: developed by the authors in the course of the module design

According to the set goals, the core development fea-
tures of an application for visualization of graphs with large
number of vertices are revealed and formulated, which is a
unique result that has not been highlighted in the research
sources before.

The formulated features of development of the appli-
cations were used as a theoretical and technological base
for design of the software module (presented above) that
provides a unified API to visualize any graph algorithm to
save time working on utility software and focus more on
solving problems. In terms of practical significance of the
work, the module designed following the said features and
peculiarities makes a valuable tool for data scientists and
other experts who are specialised in working on graph al-
gorithms, as it enables data visualization for debugging
and analysing large data structures.

In comparison with other applications that realize simi-
lar functions of the subject domain which characteristics are
covered in[4;9; 12; 23], the developed module has advanced
functionality in terms of visualization of graphs with large
number of vertices, that can be characterised as follows.

The module provides reading graph from a file: a prop-
erly written graph data is read and displayed successfully.
In case of incorrectly written/corrupted file, the user is no-
tified that file doesn’t meet file format requirements.

API to write graphs and algorithm steps to correspond-
ing files programmatically is realized, and it works properly
producing valid files.

Algorithm provided by a user is visualized correctly. In
case of invalid file, the proper notification is displayed.

A graph is built with the help of graph builder, and
manual building of files is present. Manually built graph
can be stored in a hard drive correctly. Sample algorithms
(BFS and DFS) are provided for visualization tool. Both of
them validate input and warn user in case of invalid input.

Random graph generation is also provided by the
module and works properly: graph can be generated with
predefined number of vertices and edges; advanced graph
layout visualization algorithms is implemented; Fruchter-
man-Reingold layout is calculated correctly.

Selected episodes of the module work according to its
functionality are presented in Figures 4-7.

Comparative characteristic of the developed software
module with other applications which realise similar func-
tions of the subject domain is generalised in the Table 2.
The characteristic is done based on the papers [4; 9; 12; 23]
and the module functionality presented above.
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Figure 4. Algorithm visualized using external API
Source: developed by the authors

Figure 5. BFS algorithm input validation
Source: developed by the authors

Figure 6. Randomly generated graph
Source: developed by the authors
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Figure 7. Result of applying Fruchterman-Reingold layout

Source: developed by the authors

Table 2. Comparative characteristic of the developed software module with analogues

. .. . USFCA . . Developed software

Desktop .
Platform Web application | Web application (Windows/ DesktoL[‘{ (Windows/ | Des ktog'(thgbUlquntu 20.04
MacOS/Linux) inux) istribution)
Only converting
Inputs a custom graph Only manual No Yes graph formats of Yes
other applications
Visualizes _predeﬁned Yes Yes No Yes Yes
algorithms
It has only one
Supports dlfferept types No No Yes force—dlrectgd !ayout Yes
of graph visualization and very limited
ways to tune it
Reads g“?Ph f%‘om a file No No No No Yes
and visualizes it
API to write graphs
and algorithm steps to No No No No Yes
corresponding files
A graph is built with the
help of graph l?u{lder, No No No No Yes
and manual building of
files
User s algquthm 18 No No No No Yes
visualized
Poor Performed using Linux-
. functionality. .Adva}nce'd based operating system
Not applicable Can be used 01{1 visualization and all advantages of C++
for big graphs to get falmilialry tool. Extremely Implements fea%ure—baseci
due to support wi tg some basic good for data Rendering options la I:;)uts at the same time
Notes of only manual aloorithms. but scientists. are not good for suy ortin other metho ds’
input. It is tghe revi(;us However, does large graphs. Hars)l?advan%ed functionalit.
seen as a good 1 p deal not provide : fvisualizati ¥
educational tool. | 3n@O8U€ ceals algorithm o tern,ls of visualization
with it much visualization of user’s large graphs and
better. ’ their algorithms.

Source: developed by the authors

The table analysis testifies that the developed mod-
ule has advanced functionality in terms of visualization of
graphs with large number of vertices in comparing with the
analogues presented in the papers.

o CONCLUSION

According to the aim of the work, the main features of the
development of an application for visualization of graphs
with large number of vertices were revealed and formulated.
The core steps of the applications development along with
their characteristics recommended to mind in the progress
of design of such software were distinguished and detailed.

Development Management. 2022. Vol. 20, No. 4

The software module designed by the authors following
the mentioned above features is presented with the details
of its development and characteristics of its core functions.
It provides a unified API to visualize any graph algorithm
to save time working on utility software and focus more on
solving problems. Therefore, in practical aspects, the devel-
oped and presented software module makes a valuable tool
for data scientists and other experts who are specialised
in working on graph algorithms, as it enables data visual-
ization for debugging and analysing large data structures.

In addition, the comparative analysis of the developed
module and the analogues has been realised in the paper.
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The analysis testifies that the authors’ software module has
advanced functionality in terms of visualization of graphs
with large number of vertices.

The developed software has lots of points for an ex-
tension due to its well-designed interface and topic depth.
There can be applied new layout algorithms, and extended

titioning, multigraphs, etc. Nevertheless, performance
improvements will be crucial to support graphs with even
bigger amounts of vertices and edges. In addition, the tool
can be optimised (for example OpenGL can be used in-
stead of SFML) in order to work with graphics on a lower
level. The mentioned extensions can prove the prospect of

support for other graph features such as multilevel par-  further research.
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Bisyanisauia anropmtMiB Ha rpacgax 3 Be/IMKOIO KiNIbKiCTIO BEPLUUH:
0CO6GIMBOCTI NPOEKTYBAHHS 3aCTOCYHKIB

JliogpMuna EayapaisHa MpusyH', OnekcaHap BceBonogosud Llep6akoB,
IOpin EpyapaoBuu MapdboHoB!, Jlinia BacunisBHa BopHap?

XapKiBCbKMM HaLiOHaNbHWM EKOHOMIYHMIN YHIBEPCUTET iMeHi CeMeHa Ky3Helq
61166, Nnpocn. Hayku, 9A, M. XapkiB, YKpaiHa

2[liBOEHHOYKPAiIHCbKMI HalioHaNnbHMM NegaroriyHnm yHisepcuTeT iMeHi K O. YLWMHCbKOro
65020, Byn. CtaponopTtodpaHKiBCbKa, 26, M. Ogeca, YKpaiHa

AwHoraiis. 3aBnanns Bisyasizanlii Bemkux rpadis K CrieniaabHOI CTPYKTYPY AAHUX Ta ITOPUTMiB Ha HUX PO3IJISIIA€THCS
BUEHMMM i MPAKTMKaMM K CKJIagHA i HeTpuBianmbHa Mpobiema. AHaM3 HAYKOBMX POOGIT Ta iCHYIOUMX MPOTPAMHUX
IOJATKiB, 10 peasni3yloTh mopi6bHi QyHKIiii mpegMeTHoi 06sacTi, 3acBiguye aKkTyajJbHICTh PO3IIMPEHHS PO3BiLOK Y
HAMpPSIMKaX BUSIBJIEHHS OCOGIMBOCTEl PO3pOOKM MONATKIB Jyis Bisyasnisauii Benukux rpadiB Ta alropuTMiB Ha HUX.
DopMyITIOBaHHS 0COGMMBOCTE i peKOMeH Ialliii 00 PO3POOKY TAKOTO IIPOrPaMHOTO 3a6e3IeUeHHs Ta MpeCTaBIeHHSs
CITPOEKTOBAHOTO aBTOPAMM MPOrPaMHOTO MOMYJ/ISI € METOI0 CTaTTi. Y XOfi po6oTH 3a IOMOMOTrOI0 METO/iB aHaJli3y Ta
Teopii rpadiB BusiBIeHO Ta chHOPMYTLOBAHO OCHOBHI OCOGJMBOCTI PO3pOOKM IMporpamu mjis Bisyamisanii rpadis 3
BEJIMKOIO KiJIbKiCTIO BepiuH. HagaHo okpeMi peKoMeHAallii [0/I0 CyTHOCTi KOXKHOTO 3 eTalliB pO3pOo0KM TaKMX JOIaTKiB
Ta BUSIBJIEHO Ti KPOKM, SIKi € HAMOIIbII BAKIMBUMMU /IS PO3POOHMKIB y TepMiHaX CKIaZHOCTI 06po6KM Ta Bidyasisalii
BelMKMX rpadiB, MeTPUK iX po3TallyBaHHSI Ha eKpaHi JomaTKy Toufo. Takosk ImpefCcTaBlieHO po3pobieHuit aBTopaMu
MOJY/Ib, sIKMIT 3a0e3Meuye yHibikoBaHMit iHTepdeiic MporpaMyBaHHs JOAATKIB AJIsT Bisyasisaillii 6yb-sIKOTO aJrOpUTMY
Ha rpadax, 1110 J03BOJISIE 3a0IIAAUTH Yac Ha poOOTi Haf CITy>k6OBMUM MPOTPAMHMM 3a6€e3TeUeHHSIM i 6i/TbIle 30CepeIUTHACS
Ha DO3B’SI3aHHI alrOpUTMIUHMX 3ajay. [IpefcraBieHNii MOZYTb PO3POOIEHO aBTOpaMM 3 YPaxXyBaHHSIM BUSIBIEHMX
0Ccob6IMBOCTEN Ta pekomMeHalliii. [IpoBeleHO MOPiBHSUIBHMIT aHaJli3 PO3PO6IEHOTO MPOrPaMHOTO MOIYJISI Ta aHAJIOriB,
SIKMIA 3aCBiTUMB po3iMpeny QyHKI[IOHATbHICTh MOLYJISI OO Bidyastisalii rpadiB 3 BeIMKOIO KibKicTio BepiiH. Moayiib
€ MPaKTMYHO 3HAYYLIMM iHCTPYMEHTOM JJI151 AOCTIIHUKIB y Taay3i CTPYKTYp JaHMX Ta IHIINMX eKCIePTiB, SIKi palioloTh
HAaJI aITOpUTMaMM Ha rpadax, OCKiJIbKY 1a€ 3MOTY Bi3yani3yBaTy JaHi Py HAJIATOKeHH] IIPOrpaMHOTro 3a6e3MeueHHs Ta
CIIPOILY€E aHali3 BEIMKUX CTPYKTYP JaHUX

KimrouoBi cmoBa: Benmuki rpadw; mpo6aemMy YHAOUHEHHSI alrOpMTMIiB; MOAY/Ib Bisyaurisamii aaroputMiB Ha rpadax;
KOMIIOHYBaHHsI rpada; yHicdbikoBaHumit mporpamumii intepdeiic
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Abstract. Socially responsible activities of enterprises are difficult to measure and, as a consequence, to diagnose.
The most common method of evaluating socially responsible activities of an enterprise is expert evaluation. The
disadvantage of this method is the high level of subjectivity and intuitiveness. The specified problem determined the
purpose of the research - to develop an approach to evaluate the results of enterprises’ activities in the aspect of social
responsibility, which would allow to involve experts only at the stage of formalising social responsibility norms, and
the actual level of fulfilment of these norms should be calculated not by expert means, but on the basis of objective
data on the enterprise’s activities. To fulfil the set aim, the work developed an approach to evaluate socially responsible
activities of enterprises based on the application of the goal tree method. The paper proposes a procedure for building
and quantitative analysis of a goal tree in the aspect of social responsibility, which involves taking into account: 1) expert
assessments of social responsibility norms; 2) objective data on compliance with the norms of social responsibility at
the analysed enterprise; 3) expert evaluations of the enterprise’s capabilities to comply with these norms; 4) values
of parameters of the external environment that affect these capabilities. The procedure for building and quantitative
analysis of a goal tree in the aspect of social responsibility is demonstrated on the example of the printing industry.
The proposed approach allows: to evaluate social results of the company’s activity; to analyse problems and external
limitations in the aspect of social responsibility; to formulate tasks of reducing external limitations on the enterprise’s
capability to fulfil the norms of social responsibility. This will contribute to increasing the efficiency of the decision-
making process for managing results of the enterprise’s socially responsible activities
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¢ INTRODUCTION

One of the actual aspects of analysis of enterprise activi-  estimate, the vector of characteristics is scalarised; to take

ties is the aspect of social responsibility. The complexity
of this subject of the analysis lies in the fact that socially
responsible activities of an enterprise (SRAE) are difficult
to measure and, as a result, to diagnose. There are many
reasons for this: duties of enterprises to the society are
contradictory and change over time, and information about
the performance of the duties is lacking. But it is difficult to
improve what cannot be measured. Therefore, researchers
have made efforts, which have resulted in an acceptable ap-
proach to the assessment of SRAE, which allows to take into
account the systematisation of the phenomenon and the
lack of objective information. According to this approach,
the performance of enterprises in the aspect of social re-
sponsibility are described by a vector of characteristics that
meet different objectives in thisarea; to obtain a generalised

into account the hierarchy of tasks in the field of social re-
sponsibility, the analytic hierarchy process is used [1; 2].
To reduce the number of characteristics describing SRAE
factor analysis is used [3]. Assessments of characteristics
of enterprises’ performance in the aspect of social respon-
sibility are mostly revealed through expert evaluation [4].

The most common methods of identifying the values
of the performance of enterprises in the aspect of social re-
sponsibility are the follows:

1) questionnaires of external and internal stakeholders
of the analysed enterprises ([5-7]);

2) content analysis of corporate reports, publications
and interviews of managers (used, for example, in [5]).

The application of the method of content analysis for
measuring SRAE is considered in detail in the study [8].
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The idea of the approach is to count the number of words,
sentences or whole articles on the topic of social respon-
sibility in the total volume of publications of the analysed
organisation. The method is based on the hypothesis that
the number of publications on the topic of social responsi-
bility reflects the importance of this topic for the organisa-
tion [9]. The disadvantage of this approach is that the con-
tent analysis of corporate reports and publications allows
us to draw conclusions only about the published informa-
tion, and not about the actual activities of the enterprise.

Interviews and questionnaires of external and inter-
nal stakeholders of the analysed enterprises were used, for
example, in [5-7]. In [5] analysis of determinants of social
performance of banks was based on the results of ques-
tionnaires and semi-structured interviews with managers
of banking institutions. In [6] measuring of effectiveness
of corporate social responsibility initiatives in the mining
industry was carried out on the basis of surveys of house-
holds in mining communities. In [7] for analysing the value
of corporate social responsibility for various stakeholders a
survey of purchasing / sales representatives and managers
was used (because these employees are the most credible
to assess relationships with suppliers and customers).

Stakeholder questionnaires are the basis of the repu-
tation index method [4]. The essence of the method is that
competent observers (experts) make a rating of firms ac-
cording to several criteria. For example, a Fortune rating is
based on the results of a survey of a company’s employees
and an expert assessment of corporate culture policy and
personnel policy.

The issue of forming methodological support for the
questionnaire of internal stakeholders is considered in
work [4]. The paper forms a list of characteristics according
to which it is recommended to evaluate corporate socially
responsible activities (according to the employees of the
organisations that were interviewed). But the disadvantage
of the study is that the proposed characteristics involve
evaluation only with the help of expert judgments, and
they allow for different interpretations. For example, the
list contains the following characteristics: “The manage-
ment of our company is primarily concerned with employ-
ees’ needs and wants”; “The managerial decisions related
with the employees are usually fair”.

In general, the shortcomings of existing approach to
assessing the socially responsible activities of an enter-
prise through a survey of stakeholders are: high level of
intuitiveness and subjectivity; high level of experts’ errors
due to the complexity of the tasks (questions); high level of
generalisation;insufficient validity of criteria of evaluation.

Based on the above, the purpose of this study was to
improve the approach to assessing socially responsible ac-
tivities of enterprises in such a way that the assessment is
carried out on the basis of expert assessments of social re-
sponsibility requirements and objective data on fulfilment
of these requirements at the analysed enterprise.

The purpose involved the following tasks: 1) to devel-
op a procedure for quantitative analysis of the improved
version of a goal tree of socially responsible activities of an
enterprise, based on the formalisation of the requirements
of social responsibility; 2) to take into account the exis-
tence of external restrictions on the ability of an enterprise
to meet the requirements of social responsibility in the
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developed procedure; 3) to demonstrate the procedure of
quantitative analysis of the improved goal tree of socially
responsible activities of an enterprise on the example of
the printing industry.

e MATERIALS AND METHODS

This paper was based on the definition of socially respon-
sible activities of an enterprise, proposed in [10]. Accord-
ing to this definition, socially responsible activities meet
not only the requirements of the law, but also the norms
of socially responsible behaviour of enterprises. So it is
possible to distinguish socially responsible activity from
activity which is not such, using the analysis of observance
of social responsibility norms. In fact, compliance with so-
cial responsibility norms characterises only the external
manifestation of socially responsible activities without
taking into account the criteria for decision-making at the
enterprise [10]. But in this study, the differences between
external and internal manifestations of socially responsi-
ble activity were not considered.

Social responsibility norms are formed in each spe-
cific period of time under the influence of existing social
problems, recommendations of public and expert organ-
isations on measures to support sustainable develop-
ment, existing agreements within the social partnership
and leading business practices. Analysis of information
sources showed that descriptions of tasks and norms of
social responsibility in various industries could be found
in the Environmental, Health, and Safety Guidelines, de-
veloped by the International Finance Corporation (IFC).
The Guidelines contains examples of good international
practice in the industries. In particular, the IFC Environ-
mental, Health, and Safety Guidelines for Printing can be
sources for social responsibility norms for printing com-
panies [11]. In addition, tasks and norms of social respon-
sibility can be found in non-financial reporting standards,
the current analysis of which is given in [12].

The proposed approach is based on the improved pro-
cedure of quantitative analysis of the tree of enterprise’s
goals, which is supplemented by stages aimed at formalis-
ing the norms of social responsibility. In addition, the im-
proved procedure provides for the assessment of existing
external restrictions on the ability of enterprises to com-
ply with these norms. The proposed approach is intended
for use at the diagnostic stage of the decision-making pro-
cess for managing results of enterprises’ socially respon-
sible activities. The use of the modified goal tree allows:
to obtain a general assessment of the level of compliance
with social responsibility norms at the enterprise, taking
into account specifics of industries and separate enter-
prises; identify problems in the hierarchy of tasks of the
enterprise in the field of social responsibility; identify ex-
ternal limitations on the enterprise’s ability to fulfil social
responsibility norms; formulate a set of measures aimed
at increasing the level of using the enterprise’s available
opportunities in the field of social responsibility; formu-
late a set of measures to influence the enterprise’s stake-
holders in order to weaken external restrictions on the
enterprise’s capabilities in the field of social responsibil-
ity. The procedure for building and quantitative analysis
of the modified goal tree is demonstrated on the example
of a printing enterprise.
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e RESULTS AND DISCUSSION

As noted above, one of the shortcomings of existing ap-
proach to assessing corporate social responsibility through
stakeholder surveys is the high level of expert error due to
the complexity of the evaluation procedure. The procedure
stipulates that experts must assess the level of compliance
by the company with the requirements of social respon-
sibility, although both the requirements and the results
of their implementation at the company are poorly for-
malised. Moreover, experts may have significantly different
ideas about the requirements themselves and their imple-
mentation at the enterprise.

In order to partially neutralise this problem, it is pro-
posed to divide the process of evaluating the results of an
enterprise to meet the requirements of social responsibili-
ty into two subprocesses:

1) assessment of the requirements of social respon-
sibility (at the current stage of development of society,
equipment and technology);

2) evaluation of the results of an enterprise to meet the
identified requirements.

The first sub-process involves the use of expert eval-
uation.

The second subprocess involves the use of mostly ob-
jective data on the activities of the enterprise.

To calculate the generalised assessment of SRAE on
the basis of expert assessments of social responsibility
requirements and objective data on the results of the en-
terprise, it is proposed to use the method of a goal tree,
which will take into account the hierarchy of SRAE tasks.
The rules for building a tree of social responsibility goals
are as follows:

1. The upper (first) level of the hierarchy corresponds
to the general goal, which is to comply with the norms of
socially responsible behaviour of an enterprise.

2. The second level of the hierarchy contains the objec-
tives that correspond to the main aspects of social respon-
sibility defined in ISO 26000 [13]: human rights; labour
practices; environment; fair operating practices; consumer
issues; community involvement and development.

3. The third and subsequent levels of the hierarchy
contain the tasks that must be performed to achieve the
goals of the second level.

4. For lower-level tasks, experts set social responsibili-
ty norms, formulated as descriptions of good practices that
have become widespread in the country and in the world.
An example of a fragment of a goal tree for compliance
with social responsibility norms of the printing company
is shown in Figure 1.

Environmental Protection

|

1. Economical use of paper
to save forests

2. Contribute to the reduction
of environmental pollution
during paper production

3. Reduction of air pollution
by volatile organic compounds

1.1. Paper savings in the

3.1. Use of substances that

process of designing
printed products

2.1. Use of paper
made by chlorine-free
technology

reduce need for isopropyl
alcohol in the moisturizing
solution

1.2. Use of eco-paper

1.2.1. Use of paper that
meets requirements
of responsible forest

management

1.2.2. Use of paper made
from waste paper

3.2. Use of paints that do not
contain organic solvents

3.3. Use of water-based
varnishes and varnishes
that are fixed under the action
of UV-radiation

3.4. Use of water-based
adhesives and adhesives that
are fixed under the action of

UV-radiation

3.5. Use of flushing solutions
containing low-volatile
substances

Figure 1. A fragment of a goal tree for compliance with social responsibility in the printing industry

Source: developed by the author based on [11]

The main component of the process of evaluating the
socially responsible activities of an enterprise with the
help of a goal tree is the procedure of quantitative anal-
ysis of the constructed tree. Based on the purpose of the
study, it is proposed to supplement the existing procedure
of quantitative analysis with steps aimed at formalising so-
cial responsibility norms. Then the proposed procedure for
quantitative analysis of a goal tree for compliance with so-
cial responsibility norms will contain the following steps:

47

1. Stage of formation of goals and tasks in the aspect of
social responsibility.

1.1. For all goals, tasks and norms located in the hier-
archy of the goal tree, experts assign coefficients of relative
weight VI[0,1], iel. The sum of weighting coefficients for
all elements of the goal tree, which are subordinate to one
element of a higher level, should be equal to one.

1.2. For each social responsibility norm on the goal
tree, experts should formalise the rule of calculating the

Development Management. 2022. Vol. 20, No. 4
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level of implementation of this norm on the basis of indi-

cators of the enterprise performance that can be measured.
A typical formula for calculating the level of fulfilment

of the norm is the following (for stimulant indicators):

Fy

D. =
L Ni’

i€, (1)

where D, - the level of fulfilment of the social responsibility
norm i; N,— normative value of the indicator, which, accord-

ing to experts, characterises the activities of the enterprise
in the aspect of fulfilment of the social responsibility norm
i; F,— the actual value of this indicator; /' a subset of the goal
tree elements, which describe social responsibility norms.

Examples of rules for calculating the level of fulfilment
of social responsibility norms in the printing industry are
given in Table. 1. Note that the rules for calculating the lev-
el of compliance can be built on the use of linguistic vari-
ables and fuzzy inference.

Table 1. Examples of the rules for calculating the implementation

of social responsibility norms in the printing industry

Norms of socially responsible behaviour | Relevant indicators of the enterprise’s Rules for calculating the actual level
(from the goal tree shown in Figure 1) performance of compliance with norms

1.1. Paper savings in the process of
designing printed products

economic design

F|,— percentage of printed products with

D11=F11/N11’ )
where N, — normative percentage of

printed products with economic design

121

of responsible forest management

F , — percentage of paper with the
1.2.1. Use of paper that meets requirements | certificate of responsible forest
management in the total amount of used

D, =F,,/N,

121 12177 "121°

where N, — normative percentage of paper

with the certificate of responsible forest

paper from primary raw materials management
1.2.2. Use of paper made from waste paper F,, — percentage of paper made from waste gﬁzejslf\zl/ Nlizilormative ercentage of paper
o pap pap paper in the total amount of paper used 122 P seotpap

made from waste paper

Source: developed by the author

1.3. Experts set normative values N, icI" for all
social responsibility norms contained in the goal tree.
These values describe the requirements that society im-
poses on enterprises at the current stage of development
of the industry.

2. The stage of determining the actual level of achieve-
ment of goals.

2.1. Accounting of objective data {F /ie["} is carried out,
and on this basis the level of performance of each norm of so-
cial responsibility is calculated according to the formula (1).

2.2. The degree of achievement of each element of the
goal tree is calculated on the basis of the values of weight-
ing coefficients {Vicl} and estimates of the level of com-
pliance with social responsibility norms {DieI"}:

D3, VD, i<l @)

where J' — the set of numbers of the goal tree elements,
which are subordinate to the element i.

3. Stage of analysis of external constraints.

An important task of the analysis of socially respon-
sible activities of an enterprise is to assess the opportu-
nities of the enterprise to comply with various norms of
social responsibility. Such opportunities are partly deter-
mined by external conditions and are associated with cer-
tain decisions by different groups of external stakeholders.
For example, a necessary condition for reducing the use of
isopropyl alcohol in the printing process is the availability
of substitutes for this substance in the market of printing
expendable materials. And the amount of recycled paper
used in the printing process depends on the corresponding
demand from consumers. Therefore, for each norm of so-
cial responsibility, experts must assess the maximum pos-
sible level of implementation of this norm under existing
external constraints.
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Thus, for each social responsibility norm contained in
the built goal tree experts need to do the following:

a) to identify a set of parameters of external environ-
ment that affect the ability of the enterprise to implement
the analysed norm;

b) to build a function of the dependence of the level
of the analysed norm implementation on the value of the
identified parameters of external environment:

D"=f(Z),iel", 3

where D"~ the maximum possible level of compliance by the
enterprise with the norm i, subject to existing external con-
straints; Z, — vector of parameters of external environment
that affect the ability of the enterprise tocomplywithnormi;

c) to assess the factual values of the identified param-
eters of external environment Z;

d) calculate the maximum possible level of implemen-
tation of the analysed norm for the available values of pa-
rameters of external environment.

On the basis of the performed calculations the maxi-
mum possible level of achievement of the general goal of
the enterprise in the aspect of social responsibility on con-
dition of available values of parameters of external envi-
ronment can be defined.

The analysis will allow to adjust the enterprise’s goals
in the aspect of social responsibility by coordinating them
with the available opportunities. It will also allow to for-
mulate tasks on the impact on the external environment of
the enterprise in order to reduce its negative impact on the
ability of the enterprise in the field of social responsibility.

Examples of functions of dependence of the level of
compliance with social responsibility norms on the param-
eters of the external environment in the printing industry
are given in Table 2.
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Table 2. Examples of functions of dependence of the level of implementation of social responsibility norms
on the parameters of the external environment in the printing industry

Norms of socially

responsible behaviour Rules for calculating the maximum possible level of compliance with

External condition

(from the goal tree

the norm depending on parameters of the external environment

shown in Figure 1)

Dl”ll:Zl I/Nll’

where D"~ the maximum possible level of compliance with the analysed
norm on condition of existing attitude of printed products customers to
eco-design;

Z,, - expert assessment of the percentage of printed products with eco-
design, to which customers may agree

D '1"21=ZIZI/N121’

Consent of printed where D™ - the maximum possible level of compliance with the analysed

1.2.1. Use of paper that 12
bap products customers to norm on condition of existing attitude of printed products customers to the

Consent of customers of
printed products for eco-
design

1.1. Paper savings in
the process of designing
printed products

meets requirements
q . the use of paper with a use of paper with a certificate of responsible forest management;
of responsible forest

certificate of responsible | where Z,, - expert assessment of the percentage of paper with the certificate

management
forest management

Consent of printed
1.2.2. Use of paper made P
products customers to the
from waste paper
use of paper made from

waste paper where Z

of responsible forest management in the total amount of used paper from
primary raw materials, to which customers may agree

D T22=2122/N
where D™

norm on condition of existing attitude of printed products customers to the

1227
— the maximum possible level of compliance with the analysed

use of paper made from waste paper;
1 — €xpert assessment of the percentage of paper made from waste

paper in the total amount of used paper, to which customers may agree

Source: developed by the author

Let’s compare the approach proposed in this work with
other approaches to the evaluation of SRAE. In approaches
for SRAE evaluation the following features differ: alist of so-
cial responsibility tasks that are taken into account; a list of
characteristics that describe the results of these tasks [14];
objectivity of the values of the characteristics (objective
data or expert opinions); methods of converting a vector
of results into a scalar complex indicator (according to [15],
one of the main obstacles in constructing a generalised
scalar indicator is the problem of weighing partial results).

Let’s make a comparison according to the specified
characteristics:

1. Comparison of social responsibility tasks that are
taken into account.

Tasks of social responsibility, which are taken into ac-
count when evaluating SRAE, characterise the responsibil-
ity of business to different groups of stakeholders (to one
group or several). The set of tasks is mostly formed by re-
searchers themselves. Thus, in [16], the image of corporate
social responsibility is measured from the point of view of
customers, in [17] — from the point of view of employees.
In [18] corporate social responsibility practices are eval-
uated in a large number of directions, namely: from the
perspective of shareholders, customers, employees, sup-
pliers, other stakeholders, as well as from the perspective
of ethics, environment, jurisprudence, human rights and
society. In the developed approach, it is proposed to use
tasks that correspond to the main topics and problems
of social responsibility, which are given in the ISO 26000
Standard [13] and determined as a result of the work of
experts from more than 90 countries and 40 international
and regional organisations.
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2. Comparison of methods of calculating the integral
assessment of the SRAE.

In the proposed approach, the integrated assessment of
SRAE is calculated on the bases of hierarchy of tasks, taking
into account the assessment of the importance of each task.
Coefficients of importance of the tasks located on the goal
tree can be calculated using the Analytic Hierarchy Process,
which involves a pairwise comparison of the hierarchy ele-
ments. The Analytic Hierarchy Process is a common method
of determining importance coefficients for criteria for eval-
uating alternatives. This method is used to calculate the in-
tegrated assessment of SRAE, for example, in [19; 20]. The
difference between the calculation of the integrated assess-
ment of the SRAE using the modified goal tree is that the
calculation is based on a comparison of the actual state of af-
fairs at the enterprise with the norms of social responsibility.

3. Comparison by objectivity of the values of the used
characteristics.

In many works the evaluation of SRAE is carried out on
the basis of a questionnaire method, which is used to iden-
tify the judgments of external and internal stakeholders.
So, for example, in studies [4; 17], the assessment of socially
responsible activities of enterprises and organisations re-
flects the perception of SRAE by employees of the analysed
enterprises and organisations. The approach proposed in
this article involves assessing the level of compliance with
social responsibility norms based on objective data on the
results of enterprise activity. Expert judgments are used at
the stage of formalisation of social responsibility norms,
as well as at the stage of formalisation of the dependence
of the enterprise’s capability to fulfil these norms on the
parameters of the external and internal environment.
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The advantage of the proposed approach is that it al-
lows to take into account:

1. The hierarchy of tasks of the enterprise in the field
of social responsibility and the relative importance of each
task. This allows not only to obtain a general assessment of
SRAE, but also to evaluate the results of separate areas of
social responsibility implementation at the enterprise. The
detailing of tasks allows to take into account specifics of
industries and separate enterprises.

2. Expert assessments of norms of social responsi-
bility. Taking into account the norms of social responsi-
bility allows to compare social results of the enterprise’s
activity with the actual requirements that society places
on business.

3. Expert assessments of the enterprise’s capabilities
to fulfil the norms of social responsibility under existing
restrictions imposed by the external environment. Tak-
ing into account the enterprise’s capabilities to fulfil the
norms of social responsibility is important for correct set-
ting the social goals of the enterprise’s activities. Iden-
tifying constraints imposed by the external environment
allows to set tasks for eliminating these constraints (in
particular, to plan the impact on stakeholders whose de-
cisions limit the enterprise’s ability to fulfil the norms of
social responsibility).

4. Objective data on the results of the enterprise’s
activities. The use of objective data makes it possible to
reduce the level of subjectivity of the obtained evaluation
of the SRAE.

The disadvantage of the proposed approach is that
the tasks set before experts remain complex and require
experts to have in-depth knowledge in the field of produc-
tion technologies and modern social responsibility prac-
tices in the analysed sectors of material and non-material
production.
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EKcnepTHe OUiHIOBaHHSA couianbHO BianoBiaanbHoI AiANIbHOCTI
niaNpPUEMCTB 3a A0MNOMOIrolo MeToAa AepeBa uinen
Ha npukKnaai nonirpadgiyHoi ranysi

Jlioamuna BonoanmupisHa MoTpalukoBa

XapKiBCbKMM HaLLiOHANbHMI EKOHOMIYHWMM YHIBepcUTEeT iMeHi CeMmeHa Ky3Heuda
61166, npocn. Hayku, 9A, M. XapkiB, YKpaiHa

Anoranig. ColiaJbHO BigMIOBiZaabHAa TisUIbHICTh IIANPMEMCTBA IIOTaHO ITiAJAETbCS BMMIipPIOBAHHIO i, SIK HACTiIOK,
miarHocTuili. OCHOBHMM METOAOM OI[iHIOBAHHSI pe3y/IbTaTiB MisVIbHOCTI MiJMPUEMCTB B AacCIeKTi coliasbHOI
BiJIMOBimAIbHOCTI € eKCIIePTHE OLiHIOBaHHSI. Heo1ikoM 11bOro MeTO/IY € BUCOKMIA piBeHb Cy6 €KTUBHOCTI Ta iHTYITMBHOCTI.
3a3HaueHa aKkTyajabHa MpobiemMa BU3HAUYMIA METY JOCTiIKEeHHS — PO3POOUTHM TaKuii TiAXiz JO OLiHIOBAaHHS Pe3y/IbTaTiB
IisUTbHOCTI MiATIPMEMCTB B acMeKTi COIiaJbHOI BiAMOBimaJbHOCTI, IKMIT 6M MO3BOJIMB 3aJy4yaTy €KCIIepTiB TiIbKM Ha
cranii ¢popmarizanii HopM couiaabHOI BifgnoBimZanbHOCTI, a HakTUUHMIT piBeHb BUKOHAHHS I[MX HOPM PO3pPaxOByBaTu
He eKCIIePTHUM IUISIXOM, @ Ha OCHOBI 00’€KTUBHMX JaHMUX MPO HisSUIbHICTb MiAIpUeMCcTBa. [Ij1s1 BUKOHAHHS IOCTaBI€HOL
MeTM y pob6oTi po3pobsieHo MifgXin M0 OI[iHIOBAHHS COLiaJbHO BiMMOBiZaJbHOI AiSUTBHOCTI MiAMPUEMCTBA HA OCHOBI
3aCTOCYBaHHSI MeTOJa AepeBa Ilijieil. 3amporoHOBAaHO TPOLeAypy MOOYmOBM Ta KiJIbKICHOTO aHasi3y mepeBa ITiyeii
colliaJIbHOI BiZITOBiaIbHOCTI, sIKa Tepe6avae BpaxyBaHHS: 1) eKCIIepTHUX OLIiHOK HOPM COIliaJIbHOI BiMOBigaIbHOCTI;
2) O6’€KTMBHMX AAHMX INOAO JOTPMMAHHSI HOPM COIiaJbHOI BiJIOBiZaJbHOCTI Ha aHAJIi30BaHOMY ITiIIIPUEMCTBI;
3) eKcmepTHUX OI[iHOK CIPOMOSKHOCTe MiAMpUEMCTBA WIOAO0 BMKOHAHHS IMX HOpPM; 4) 3HaueHb IapamMeTpiB
30BHILIHBOTO CEPEeOBUINA, SIKi BINIMBAIOThH HA 1Ii CITPOMOKHOCTI. [Ipolieypy mo6ymoBu Ta KibKiCHOTO aHasi3y JepeBa
1ijeit coiayibHOI BigMOBimAMLHOCTI MPOAEMOHCTPOBAHO HA MPUKIALi mosirpadiyHoi ramysi. 3ampomnoHOBaHU MiaXin
[IO3BOJISIE OLIIHUTY COLiaTbHI Pe3ylIbTaTH MisSUIBHOCTI IMiAIIPUEMCTBA, 3MiMCHUTU aHAJi3 «BY3bKMX MiCIlb» i 30BHIIIHIX
0o6MeKeHb B acCIleKTi COliaJbHOI BifIOBiaJbHOCTI, a8 TAKOX CHOPMY/ITIOBATM 3aBIaHHS LIO0 MOCIA6IeHHs 30BHIIIHIX
0o6MeXXeHb Ha CITPOMOXKHOCTI MMiJMPUEMCTBA 100 BMKOHAHHS HOPM COILiaJbHOI BigmoBimambHOCTi. Lle cripusTuMe
MigBuIeHHI0 edeKTMBHOCTI Mpolecy MPMIHSTTS DillleHb 3 YIpaBIiHHS pe3yabTaTaMy COLialbHO BigMOBiZAIbHOI
IisSJIbHOCTI MiAIPUEMCTBA

KirouoBi ¢;1oBa: pesynbTaTyt; 30BHIIIHI 00MeKeHHST; AepeBo 1Ii/Ielt; aHaIi3 CIIPOMOKHOCTEI
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