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Preface to ”Sustainable Business Models”

The dynamically changing world economy, which is in an era of intensive development and
globalization, creates new needs in both the theoretical models of management and in the practical
discussion related to the perception of business. Because of new economic phenomena related to
the crisis, there is a need for the design and operationalization of innovative business models for
companies. Due to the fact that in times of crisis, the principles of strategic balance are particularly
important, these business models can be sustainable business models. Moreover, it is essential to
skillfully use different methods and concepts of management to ensure the continuity of business. It
seems that sustainable business models, in their essence, can support companies” effectiveness and
contribute to their stable, sustainable functioning in the difficult, ever-changing market.

This Special Issue aims to discuss the key mechanisms concerning the design and
operationalization of sustainable business models, from a strategic perspective. We invite you to
contribute to this Issue by submitting comprehensive reviews, case studies, or research articles.
Papers selected for this Special Issue are subject to a rigorous peer review procedure, with the aim of

rapid and wide dissemination of research results, developments, and applications.

Adam Jabtoriski
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Abstract: The main purpose of this study is to investigate the development of the performance
indicators of sustainable management in the Taiwanese bicycle industry and to perform an importance
analysis. Based on the Balanced Scorecard concept, the framework of sustainable management is
added. Ten experts evaluated the performance indicators of a sustainable Balanced Scorecard in
the Taiwanese bicycle industry using five major categories: (1) Financial, (2) Customer, (3) Internal
Business Processes, (4) Learning and Growth, and (5) Sustainable Development, and a total of
21 performance indicators were used. The analytic network process (ANP) was used to perform
an importance analysis of the various performance indicators. Most of the experts suggested that
for the introduction of a sustainable management strategy into the bicycle industry in Taiwan, it
is necessary to include the definition of sustainable management and to improve five performance
indicators: innovation process, customer satisfaction, operations process, after-sales service, and
market share. According to the analysis results, this study proposed relevant management definitions
and suggestions to be used as important references for decision-makers to understand the introduction
of sustainable management strategies to the current bicycle industry in Taiwan.

Keywords: balanced scorecard; performance indicator; ANP; sustainable management; bicycle industry

1. Introduction

In today’s complex and changing business environment, enterprises must carefully develop their
business strategies to gain a competitive advantage over the long term. Therefore, how to plan and
formulate strategies for enterprises plays a decisive role. With the development of environmental
awareness and sustainability, market value is no longer dominated by a single performance indicator;
instead, the triple bottom line (TBL) framework integrates economic, environmental, and social
performance [1,2]. It has become an international focus to actively implement environmental protection
and social responsibility. Therefore, the implementation of a new strategy in response to this trend is
necessary for enterprises to remain competitive. Additionally, the issue of how to effectively integrate
existing and future strategies to enhance competitiveness is an important issue that enterprises
must consider.

Taiwan is known as the “Bicycle Kingdom” due to excellent manufacturing technology, successful
market segmentation, and high profitability [3]. The current trends of global warming, environmental

Sustainability 2016, 8, 518; d0i:10.3390/5u8060518 1 www.mdpi.com/journal/sustainability
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consciousness, sports and leisure activities, and high international oil prices are beneficial to the
development of the bicycle industry. In view of these considerations, if the Taiwanese bicycle
industry can conform to current environmental concerns, actively apply a sustainable business strategy,
and maintain business leaders who assume industry responsibility, then the international image of
Taiwan-made bicycles and industrial competitiveness would be enhanced.

Based on the Balanced Scorecard concept, this study includes the definition of sustainable
management to develop performance indicators of a sustainable Balanced Scorecard for the bicycle
industry. This study uses the characteristics of the ANP to perform an importance analysis of the
priority of the various performance indicators in the bicycle industry. In addition, the study is intended
to help decision-makers understand the focus of the introduction of a sustainable management strategy.
Specifically, the research objectives concerning a sustainable Balanced Scorecard for the bicycle industry
of Taiwan are as follows:

(1) to develop performance indicators;
(2) toinvestigate the importance analysis of the performance indicators;
(3) tosummarize the management definition of the importance of the performance indicators.

2. Literature Review

The trends in sustainable management strategy will be reviewed and the application of a Balanced
Scorecard will be discussed. The bicycle industry’s current status and sustainability issues will be
examined, and the application of the ANP will be illustrated.

2.1. Sustainable Management Strategy

The Report of the World Commission on Environment and Development states that humankind
now faces economic, social, and environmental threats. Human beings must have the ability to continue
to develop and to meet their actual needs, but humanity should not jeopardize the wellbeing of the
next generation. This can be accomplished by applying the concepts of fairness, sustainability, and
commonality [4]. However, the general measure of business performance can be broadly divided into
three dimensions: financial performance, business performance, and organizational performance [5].
As the environment changes, companies should not pursue profit maximization as their primary goal;
efforts should be made to meet the public’s expectations of businesses, to enhance the corporate image,
and to practice sustainable management [6]. To the stakeholders (consumers, shareholders, employees,
communities, suppliers, and governments), organizations have a duty to maximize their positive
impacts while minimizing the negative ones. Studies have suggested that in the future a multinational
corporation will need to comply with more than 60 different environmental and societal norms [7].
Issues related to social aspects are gradually taken seriously. Many companies have been engaged in
social responsibility and social welfare to strengthen their performance in terms of these social aspects.
Moreover, the evaluation of business performance has gradually transformed into the triple bottom
line framework, which consists of economic, environmental, and social performance [1,2]. The triple
bottom line includes a financial baseline, an environmental baseline, and a social baseline. The financial
baseline refers to a company’s financial benefits, as shown by its financial report. The environmental
baseline focuses on a company’s performance in terms of sustainable management, which requires
that the company not damage the sustainability of natural capital. Related environmental indicators
include compliance with environmental laws and standards, environmental management systems,
energy use, waste disposal, recycling, and the use of eco-technology. The social baseline focuses on
social capital and the maintenance and development of human capital. Social capital includes the
mutual trust between members of society and the co-operative relationship. Human capital includes
staff education, investment in health and nutrition, and an emphasis on labor rights. Businesses can
participate in meaningful work, such as the protection of human rights, the abolition of child labor, the
protection of labor and women’s rights, social care, education, and health care [8,9].
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2.2. The Application of the Balanced Scorecard

The Balanced Scorecard (BSC) was developed by a one-year research project funded by the U.S.
management consultancy firm Nolan, Norton & Co. (acquired by KPMG) in 1990 [10]. The program
was created by David Norton, of Nolan—Norton, and Robert Kaplan, a Harvard University professor.
The program aimed to explore “the future overall performance evaluation system of the organization”.
The strategy performance measurement system covered four dimensions: Financial, Customer,
Internal Processes, and Learning and Growth; it is now known as the Balanced Scorecard [11-13].
The application of the Balanced Scorecard is widely employed. In response to different organizational
patterns, characteristics, and life cycles, there are different focal points, including balanced financial
and non-financial indexes, balanced internal and external composing factors, balanced lead-lag
relationships of information, and balanced short-term performance and long-term value [14,15].
For example, there are benefits to linking activity-based costing regarding gross profit with the Balanced
Scorecard after the Balanced Scorecard has been implemented [12]. Fletcher and Smith [16] discuss
how, by integrating the analytic hierarchy process technique with the Balanced Scorecard, performance
indicators can be established to objectively assess the performance of enterprises. In addition, the
Balanced Scorecard can also be utilized in evaluating the performance of suppliers, particularly when
choosing them [17,18]. The four dimensions are explained as follows.

(1) Financial perspective

The financial perspective is the ultimate goal of the four dimensions of the Balanced Scorecard; it
represents the financial performance of its operations [11]. It is primarily the intersection between the
interests of the shareholders and the financial impact of strategic objectives [19]. For most businesses,
it is nothing more than the pursuit of revenue growth, increasing productivity, cost reduction, financial
risk management, and other issues [10].

(2) Customer perspective

The customer perspective primarily concerns how the company can create major core values to
the customer through policy and action [19]. The customer and market segments in which a business
unit competes and the measures of the business unit’s performance in these targeted segments are
sources of revenue for the company to achieve its financial goals. [12]. The customer perspective can
be categorized into market share, customer acquisition, customer retention, customer satisfaction, and
customer profitability. Companies must amend the target based on the customers who will generate
the most expected profit and the greatest potential for revenue growth.

(3) Internal business process perspective

The main difference between the Balanced Scorecard setting goals and traditional performance
measurement systems is the inclusion of the internal business process. Kaplan and Norton state that
before designing the internal processes of the measurable performance indicators, the business value
chain should be analyzed. Based on the innovation process, the operation process, and post-sales
service, the internal processes can be implemented such that customer needs are met in an optimal
manner [20]. The beginning of the value chain of the internal business process perspective is the
innovation process, which clarifies the current and future customer needs. New products are developed
to meet and create customer needs. Next, the operation process focuses on providing products and
services to existing customers. Finally, the post-sales service process, which includes defective products
and returns, is accounted for.

(4) Learning and growth perspective

The Learning and Growth perspective is about how to improve the competitiveness of the
organization and its human resources to accept the challenges to be faced in the future [19]. This
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perspective has three major core objectives—employee capabilities; information system capabilities;
and motivation, empowerment, and alignment. The financial, customer, and internal business process
perspectives of the Balanced Scorecard reveal gaps between the desired and actual ability of employees,
systems, and procedures. To narrow these gaps, companies must invest to advance staff skills,
strengthen information technology systems, and adjust organizational procedures and daily operations
so that employee satisfaction is enhanced, and staff retention rates and employee productivity are
maximized [11].

In summary, based on the structure of the Balanced Scorecard, there are implications for balancing
the external metrics, such as stakeholders and customers, with the key internal metrics, such as internal
processes, innovation and learning, and growth [21,22]. Because the Balanced Scorecard is an open
system, when the interests of all stakeholders and institutions succeed as part of an integral strategy,
these interests can be integrated into it [20]. Therefore, this study is based on the original structure of
the Balanced Scorecard and therefore integrates the environmental and social perspectives to form
new perspectives in order to achieve economic, social, and environmental objectives that also provide
the possibility of sustainable development [21,23,24].

2.3. Current Status of the Bicycle Industry

The bicycle industry in Taiwan has been developing for the last 50 years. The foundation of the
its industrial development was previous domestic transportation and loading operations. From 1971
to 1974, the bicycle industry in Taiwan has helped foreign manufacturers earn gross profits in the
form of large ODM orders. Hence, a superb manufacturing technology and a supply chain network
consisting of many small and medium enterprises has been developed [25]. With the collaboration of
industry, government, academia, and research, the bicycle industry in Taiwan has moved toward the
development of entrepreneurial firms. The title “Superior Bicycle Kingdom” was won by focusing on
advancing quality and establishing domestic brands [26].

Since 2005, the government has proposed a transportation-industry promotion plan that targets
the shaping of an international image of superior bicycles and the production of parts and components
in Taiwan. Combined with industry, government, academia, and other research resources, the bicycle
industry in Taiwan has been continuously developing new materials and innovative features that
incorporate lightweight components, electronics, and ergonomics, as well as meet the demand for
good-value and high-grade products [27].

By developing bicycle product design and research and development capabilities, new features
of domestic products and the high-tech image have been enhanced. Therefore, the value added and
product competitiveness has been increased. New features and new materials have been developed
and integrated to create a technological environment able to promote product differentiation with
the mainland products. With a leading position in bicycle stores, the bicycle industry in Taiwan has
delivered more differentiated and innovative products in the international market [27,28]. The bicycle
industry in Taiwan has successfully established a well-known international brand and marketing
channels with the collaborative work of the government and private industry, and now strives to
transform into an international high-quality research and development center and sales center [3].

In summary, the bicycle industry in Taiwan has gradually transformed from a manufacturing
industry into one combined with a service industry. The market segments are targeted with the
development of innovative, high-quality bicycle products and services compared with the bicycle
industries of other countries. However, the bicycle industry’s business strategy is less refined. Therefore,
this study emphasizes that the bicycle industry must respond to the current trend, pay attention to the
environment and sustainability issues, and create an excellent image with the superiority of a leading
brand. To maintain the competitive advantage of the bicycle industry, a sustainable business strategy
involving the image and products of the company must be actively initiated.
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2.4. Analytic Network Process (ANP)

The analytic network process is a generalized model of the analytic hierarchy process; both
were proposed by Thomas L. Saaty [29]. In recent years, the analytic hierarchy process (AHP) has
been widely used in many problems involving system decision-making. This method concerns the
division of system levels, considering one-way influence between the hierarchy, and assumes that
elements of the same level are individually independent. However, there are many cases involving
elements of interdependent and feedback relationships in decision-making problems; AHP cannot
incorporate these connections [30]. Bentes, Carneiro, Silva, and Kimura [31] discuss the restrictions of
an integration of BSC and AHP in the multidimensional assessment of organizational performance in
a Brazilian telecom company. For example, there must be a hierarchical approach among the elements,
assuming that there is no interaction between independent elements, or a sensitivity analysis cannot
be performed to verify whether results are reasonably stable. Therefore, ANP, proposed by Saaty in
1996, included the characteristics of interdependence and feedback, enabling scholars and experts
to apply it to a wide range of issues [32,33]. AHP is actually a special case of ANP; AHP assumes
that there is independent influence between the relevant factors of an issue, while ANP assumes that
there are mutually influential relations among factors [34]. ANDP, like AHP, can reach a consensus of
all decision-making through a specific method, but it has a relatively deeper level of consideration
compared with AHP. The application of ANP consists of assessing the priority value of each object
and establishing an interdependence relationship as well as a network between various objectives and
guidelines. Accordingly, ANP not only considers the practical problems with dependent characteristics
in programs and guidelines but also possesses a feedback mechanism to handle human society’s real
and complex problems [35].

The construction and the steps of implementing the ANP are as follows.

(1) The construction of decision problems system

By investigating the interaction between various criteria, the overall structure of the decision
problem network map is constructed. If there is an influence of the criteria on the overall structure,
it is an outer dependence; if there is an influence between the sub-criteria involved in each criterion
group, it is an inner dependence.

(2) Pairwise comparisons between various groups and guidelines

After the relationship mentioned above is established, groups with dependencies or feedback
relationships are pair-wise compared in the AHP methods with a comparison scale from 1 to 9 [36].
Questionnaires to all the experts are arranged as follows: by taking the geometric mean as the input
value, the comparison matrices are compiled. Each comparison matrix is required for consistency
analysis, and when the consistency ratio (C.R.) <0.1, it can be accepted; the paired comparison
questionnaires can be considered to be valid questionnaires [37,38]. Then,

C.R.=C.I/RI @)
where C.I. is the consistency index and R.I. is random inconsistency.

(3) Building a super-matrix

After pairwise comparisons, the vector of each matrix can be calculated. All the vectors included
within the matrix form the unweighted super-matrix. The weight of the same element within the
unweighted matrix is multiplied by the relating number of community so that all straight fields add
up to 1, resulting in the weighted super-matrix.
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(4) The super-matrix of limiting calculation of decision problems

To obtain a state of long-term stability, the weighted super-matrix is multiplied by itself repeatedly
until convergence, where in each column and field the numbers are equal; this can be expressed as the
following limit of the weighted super-matrix:

k
Wiim = klin;o (Wweighted) . 2

(5) The advantageous arrangement of feasibility plans

According to the various possible solutions and standards between each feature vector in the
matrix to obtain the whole feature vector, one can find the best solution.

(6) Sensitivity analysis of the decision problem

The decision problem can be performed through sensitivity analysis to analyze the strength of
the overall arrangement. This allows policy makers to see how the results change when a certain
input value changes and to observe whether the result is stable after the order is changed. Therefore,
policymakers can choose the proposed plan with more confidence.

ANP has a wide range of applications in addition to the use of multi-target and multi-criteria
decision-making. It can access and evaluate the relative importance of a number of indicators to
determine the most suitable solution and be an important reference for the organization’s resource
allocation and policy construction [39,40]. The main purpose of this study is to select the performance
indicators of a sustainable strategy for the bicycle industry and to assess the relative importance of
performance indicators. The bicycle industry can therefore adopt this model as an important reference
for further sustainable decision-making.

3. Research Design and Methods

This study refers to Incorporating Design Thinking into Sustainable Business Modeling by Lehmann,
Bocken, Steingrimsson, and Evans [41] to construct the bicycle sustainable management Balanced
Scorecard performance indicators ANP assessment model. By integrating the value mapping tool [42]
and different notions and concrete cogitations that focus the design process around the concerns,
interests, and values of humans in an iterative and interactive way [43], the interaction design is
assembled. This study design is divided into three stages. The detailed process of the study is shown
in Figure 1, and the project team work is listed in Table 1.

The first stage is based on the four aspects of the Balanced Scorecard: the analysis of sustainable
management and the literature review of the bicycle industry to summarize how the assessment
dimensions and criteria can be incorporated into the bicycle industry’s sustainable development
strategy. The second stage is to draw on the experience and opinions of experts by using a questionnaire
survey of the key elements of sustainable management strategies selected from all facets and important
projects and to determine the correlation between the key elements as the basis for constructing the
ANP evaluation model. The third stage is to construct the ANP evaluation model and to include
analysis of the dependency of the relevance among the criteria. With the analysis of the ANP expert
survey results, the relative importance of the key elements emerges to help policy-makers realize the
relevance of sustainable management to Taiwan'’s bicycle industry.
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Figure 1. Research design flow.

3.1. Experts Survey

The opinions of experts on research and experience related to the bicycle industry and on
sustainable management are assessed by the important criteria as summarized from the literature
given importance ratings based on subjective value judgments. To obtain an expert rating for each
project, an index of the questionnaire selection model is constructed on a scale of 0 to 1. The closer to 1,
the higher importance the item holds. The opinions of industry, government, and academic experts are
integrated to yield the analysis topics and construct the key factors in sustainable development in the
bicycle industry.

3.2. The Analytic Network Process

This study adds a fifth dimension, the sustainable development aspect, into the traditional
Balanced Scorecard. With the application of dependent characteristics of main criteria and sub-criteria
among the decision problems of ANP elements, the relative importance criteria of sustainable
management strategies and the bicycle industry are assessed by using Super Decisions software
to analyze the results of the research. To increase the reliability of the results of the questionnaire
analysis, the expert survey needs to be checked with consistency analysis. Those questionnaires that
meet the standards are valid, and for those that do not meet the standards, the experts shall make
further revisions. Finally, all valid expert questionnaire data are calculated by the geometric average
number as a whole ANP expert questionnaire data.

3.3. Target Respondents

The perspective of sustainable management strategy in the bicycle industry is extensive, and
there are different views from different angles. Therefore, in selecting target respondents, professional
competence of the experts, the familiarity and authority of the study of topics are the considerations
of the expert selection. The number of experts should preferably be five to 15 people because error
can be reduced to a minimum with a group of at least 10 people, and the reliability is the highest [44].
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This study requests 12 experts to participate in the expert survey and ANP questionnaire, with
10 questionnaires of effective recovery; the overall response rate was 83%. The background information
of the interviewees is shown in Table 2. Professional fields are bicycle industry management, bicycle
R&D, sustainable development, and corporate social responsibility. The target respondents adequately
covered the scope of this study and hold at least eight years of experience in teaching or in industry to
provide the most comprehensive and professional advice.

Table 2. Experts’ background information.

Z
e
3

Catalogue Detailed Catalogue A B C D E F G H I ]

Industry vV VvV VvV Vv
Category Academia v v Vv Vv
R&D Center v v

Ph.D. vV VvV VvV Vv
Master’s v vV v v v
Bachelor’s v

Educational
background

More than 15 years v oV v v
Years 10 to 15 years v v v v v
5to 10 years v

General Manager/Professor VoV v v
position Manager/Associate Professor \4 v
Assistant Manager / Assistant
Professor

BN | = Ul = O N

Bicycle Industry Management v v v Vv VvV Vv
Bicycle R&D v v Vv v Vv Vv Vv VvV
Sustainable development v v v
Corporate Social Responsibility \4 v v v v v

Profession

<
<
N U1 0 O

4. Research Results and Analysis

According to the research aim and literature review, the results of analysis are to be made using
the expert survey and the analytic network process. The analysis results are as follows.

4.1. The Analysis of the Expert Survey

This research is accomplished through a literature review examining how the bicycle industry is
introduced to sustainable operation; also considered is the draft of the expert questionnaire design.
According to the views and opinions of the industry experts, they amend and delete ambiguous
pieces and other unsuitable measure of the effectiveness of sustainable projects in the questionnaire.
Finally, four dimensions of the Balanced Scorecard, Financial, Customer, Internal Business Processes,
and Learning and Growth, are collated and analyzed. Additionally, the Sustainable Development
dimension is integrated as the fifth dimension. Along with 27 important projects, the five dimensions
are incorporated into the expert questionnaire design and survey, and the score is calculated by the
geometric mean (M value).

4.1.1. Selection of Key Elements of Sustainable Development

In this study, the result scores of 27 important projects under five dimensions are analyzed,
as shown in Table 3. CS and LR have the highest score (0.864), followed by innovation processes,
restructuring on employees’ expertise, and industrial safety and health (0.826); productivity, cost
management, customers’ continuation rate, and employees’ ability are in third place (0.792). The
quartile scores of the 27 major projects are regarded as the basis of retention or deletion for sustainable
management strategies. Six projects having a lower score than Q1 (Q1 = 0.706) were deleted after a
careful assessment. Therefore, by the collection of the expert questionnaire, 21 key projects are selected
in the study.
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Table 3. Analysis results of expert questionnaire.

Five Dimensions Key Projects M Value SequenceRemark
1-1 revenue growth (RG) 0.761 3 retain
1-2 productivity (PD) 0.792 1 retain
1 Fi ial 1-3 return on capital employed (RCE) 0.732 4 retain
- fnancia 1-4 cost management (CM) 0.792 1 retain
1-5 risk management (RM) 0.686 5 delete
1-6 investment strategy (IS) 0.663 6 delete
2-1 customer satisfaction (CS) 0.864 1 retain
2-2 customers continuation rate (CCR) 0.792 2 retain
2. Customer 2-3 market share (MS) 0.706 3 retain
2-4 customer profitability (CP) 0.645 5 delete
2-5 customer retention rate (CRR) 0.686 4 delete
3-1 innovation process (IP) 0.826 1 retain
3. Int | Busi 3-2 business processes (BP) 0.761 2 retain
- le)rna usImess 3-3 service (SV) 0.761 2 retain
rocesses 3-4 information system capabilities (ISC) 0.706 4 retain
3-5 products database management (PDM) 0.663 5 delete
4-1 employee satisfaction (ES) 0.761 3 retain
4-2 employee continuation rate (ECR) 0.732 4 retain
4. Learning and Growth 4-3 en}ployees ability (E,A) . 0.792 2 retain
4-4 restructuring on employees” expertise -
0.826 1 retain
(REE)

4-5 incentives and authorization (IA) 0.732 4 retain

4-6 supplier management capabilities
(SMC) 0.686 6 delete
5-1 environmental protection (EP) 0.710 4 retain
5. Sustainable 5-2 industrial safety and health (ISH) 0.826 2 retain
bevelo ment 5-3 labor rights (LR) 0.864 1 retain
P 5-4 protection of human rights (PHR) 0.761 3 retain
5-5 social care (SC) 0.710 4 retain

Q1 =0.706

4.1.2. The Correlation Analysis of Key Elements of Sustainable Development

Experts were invited to evaluate the relationship of mutual influence among various performance
indicators, which were scored according to the level of correlation, as shown in Table 4. Statistical
analyses was performed on the evaluation results of correlation of performance indicators. If the mean
was >3 and reached significant difference, there was a significant correlation between two performance
indicators. The key project-related outcomes are as shown in Appendix A. Each facet of the key
items is deemed as a relevant necessity in this study; for example, the key dimensions of Financial
perspective, 1-1, 1-2, and 1-4, serve as a key project as the pairwise comparison of essential items in
the ANP internal dependencies, which produce 21 comparison matrices. The external dependency
of key projects between dimensions is regarded as the expert selection results. For instance, in the
Financial performance, key item 1-1 is connected with 2-3, is associated with 3-1 and 3-2, is related to
4-1,4-3, and 4-5, and is associated with 5-3. Therefore, in the ANP analysis stage, the project must be
considered based on key 1-1 and should carry out pairwise comparison of key 3-1 and 3-2; 4-1, 4-3, and
4-5. As for 2-3 and 5-3, due to the dimension with only one key project associated with 1-1, there is no
need for comparison. According to the external dependency of performance indicators of dimensions,
63 pairs of comparison matrices were generated.

Based on the above considerations, the experts evaluated the correlation of internal and external
dependency of a total of 21 performance indicators in five major categories, and 84 pairs of comparison

10
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matrices were generated. These were used as the basis to develop the ANP evaluation model of
introduction of Balanced Scorecard of sustainable management into the bicycle industry.

Table 4. Questionnaire of mutual influence and relationship on key projects.

. Very
Very Irrelevant  Irrelevant Fair Relevant Relevant
1-1 revenue . . . . . 2-1 customer
o (1 point) o (2 points) © (3 points) o (4 points) o (5 points)

growth satisfaction

4.2. The Analysis of Analytic Network Process (ANP) Expert Questionnaires

Expert questionnaires are utilized to assess the key projects of the bicycle industry adaptation to
the sustainable management strategies, including 27 important projects under five dimensions, and
their relevance, to construct the ANP evaluation model. Statistics and analyses are performed by the
use of expert questionnaires and Super Decisions software. The results are as follows.

4.2.1. The Construction of the ANP Evaluation Model

The ANP evaluation model was established; the goal of decision-making is the bicycle industry’s
adaptation to sustainable management strategies. The five dimensions of the impact to achieve
the target are regarded as the main criteria in the ANP: Financial, Customer, Internal Business
Processes, Learning and Growth, and Sustainable Development. These five main criteria have
a relationship of interdependence and influence. Under each main criterion, 21 sub-criteria are
included; these are key projects that are selected through expert questionnaires, as shown in Figure 2.
Between each sub-criterion, the relationship of interdependence and influence are defined according
to expert opinions.

Goal Main criterion Sub-criterion

1. Financial performance
2. Customer satisfaction

1-1 Revenue growth
1-2 Productivity

1-3 Return on Capital Employed
1-4 Cost Management

2-1 Customer Satisfaction
2-2 Customers continuation rate
2-3 Market share

3-1 Innovation Process
3-2 Business processes
3-3 Service

3-4 Information system capabilities

3. Internal business
processes

C_—-%

4-1 Employee Satisfaction

4-2 Employee continuation rate
4-3 Employees’ ability

4-4 Restructuring on employees’
expertise

4. Learning and growth

&

5-1 Environmental Protection
5-2 Industrial Safety and Health
5-3 Labor rights

5-4 Protection of human rights

5-5 Social Care z

Figure 2. Mutual correlations of performance indicators of sustainable Balanced Scorecard.

so1301e1s JuaWLTeURW S[qRUIR)SNS A1) 0) S)depe Ansnpur o]04d01q

5. Sustainable
development
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4.2.2. Paired Comparison and Consistency Test

Based on the results of the ANP expert questionnaires, this study is examined for consistency with
the advice of every expert included. Valid questionnaires are calculated with the use of the geometric
mean to find the average. After the integration with the comparison matrix is obtained, the expert
overall consistency test then followed. This study used Super Decisions software to obtain the weight
and CI value of various matrices. The analysis results showed that the C.I. value of all the matrices
was <0.1, suggesting that there was a certain amount of consistency in paired comparisons obtained
after experts’ preference integration. The weights of various matrices were also highly reliable [36].

The eigenvectors obtained from various matrices were integrated to obtain the initial super-matrix
assessed from the introduction of the sustainable management model into the bicycle industry; the
unweighted super-matrix is shown in Appendix B. Because the unweighted super-matrix is composed
of many paired comparison matrices, it is random. In other words, the total eigenvector of each row is
not equal to 1. Therefore, it is necessary to adjust the unweighted super-matrix to conform to the basic
principle of randomization of ANP theory.

In terms of the adjustment method, this study aligned the matrix of relative weights of various
dimensions under the influence of various evaluation dimensions to obtain the complete cluster matrix,
as shown in Table 5. Then, the cluster matrix was multiplied by the unweighted super-matrix to
make the total of each row become 1 and form the weighted super-matrix, as shown in Appendix
C. According to ANP theory, the continuous squaring of the weighted super-matrix can obtain a
convergent extreme super-matrix, as shown in Table 6. At the same time, the weight of each indicator
will be close to a fixed value. The final results of priority of importance of performance indicators
obtained using the ANP and the analyses are summarized in the table.

Table 5. Cluster matrix.

Main Criteria FinancialCustomer Internal Business Learning and Sustainable
Processes Growth Development
Financial 0.151 0.161 0.193 0.135 0.187
Customer 0.265 0.248 0.251 0.251 0.176
Internal Business 565 976 0.240 0.270 0.166
Processes
Learning and 0207  0.19%4 0.199 0.197 0217
Growth
Sustainable 0110  0.121 0.117 0.147 0.255
Development

12
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Table 6. Weights analysis table of sub-criteria to sustainable business strategy.

Sequence under

Main Criteria Sub-Criteria Weights Each Main Over.a 1
Criterion Ranking
1-1 revenue growth 0.016 4 21
. . 1-2 productivity 0.039 2 11
Financial 1-3 return on capital employed 0.062 1 6
1-4 cost management 0.036 3 14
2-1 customer satisfaction 0.095 1 2
Customer 2-2 customers continuation rate 0.035 3 15
2-3 market share 0.074 2 4
3-1 innovation process 0.106 1 1
Internal Business ~ 3-2 business processes 0.080 2 3
Processes 3-3 service 0.063 3 5
3-4 1nfqrrpat10n system 0.036 4 13
capabilities
4-1 employee satisfaction 0.055 1 7
. 4-2 employee continuation rate 0.024 5 19
Learningand 4 5 o 10vees’ ability 0.040 3 10
Growth 4-4 restructuring on employees’
. 0.026 4 18
expertise
4-5 incentives and authorization 0.046 2 8
5-1 environmental protection 0.039 2 12
Sustainable 5-2 industrial safety and health 0.042 1 9
Development 5-3 labor rights 0.032 3 16
5-4 protection of human rights 0.021 5 20
5-5 social care 0.031 4 17

4.3. Analysis of the Relative Importance of Each Criterion Adapting to Sustainable Business Strategy

In addition, the key projects that further affect the bicycle industry adaptation to the sustainable
management strategies are prioritized; both the analysis of the various dimensions of the main criteria
and the overall analysis are clarified in detail.

4.3.1. Individual Analysis of Dimensions of the Main Criteria

As shown in Table 6, under the dimensions of the main criteria, the relative importance of
sub-criteria is described below.

(1) Under the “Financial” main criterion, 1-3 “Return on Capital Employed” features the highest
eigenvectors (0.062); 1-2 “productivity” followed (0.039). This shows that to improve financial
performance of sustainable development, promoting the use of return on capital employed and
productivity must be addressed.

(2) Under the “Customer” main criterion, 2-1 “Customer Satisfaction” features the highest
eigenvectors (0.095), 2-3 "market share" followed (0.075). This shows that to improve customer
satisfaction in sustainable management, sustainable concepts must meet customer requirements
to advance customer satisfaction and market share.

(3) Under the “Internal Business Processes” main criterion, 3-1 “innovation process” features
the highest eigenvectors (0.106), 3-2 “business processes” followed (0.080). This shows that
internal processes under sustainable management must focus on changing the process of
innovation and the nature of the enterprise, and then be implemented in the company's internal
operational processes.

(4) Under the “Learning and Growth” main criterion, 4-1 “employee satisfaction” features the highest
eigenvectors (0.055), 4-5 “incentives and authorization” followed (0.046). This shows that Learning

13
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and Growth of enterprises under sustainable management must address employee satisfaction
and emphasize employee incentives and sufficient authorization to improve the efficiency of
learning and growth of the organization.

(5) Under the “sustainable development” main criterion, 5-2 “industrial safety and health” features
the highest eigenvectors (0.042), followed by 5-1 “environmental protection” (0.039). The results
show that under a sustainable management strategy, it is necessary to attach importance to the
internal industrial safety and health of the company and to significantly reduce the use of various
hazardous substances and energies, as well as to make products that are approved by various
international green standard certifications, such as the IECQ QC 080000 hazardous substance
management system standard, or the EU CE Marking to achieve the objectives of environmental
protection and social care.

In summary, the application of ANP carries out an overall assessment to be more rational and
more suitable for the company to determine the results [32]. When faced with the pressure of the
international trend of sustainability, the Taiwanese bicycle industry has to adopt aggressive sustainable
strategies, set up objectives as countermeasures, and use ANP to understand the importance of
various indictors in various dimensions. In this way, the said information can be used as the basis for
determining the priorities under limited resources in the organization. In addition, it can also be used
to measure relative weights of company performance. Therefore, the bicycle industry can focus on the
direction of execution of sustainable management strategies and assess the performance of execution
of strategies to further improve strategy effectiveness.

4.3.2. Overall Analysis

From the overall analysis, most of the experts believe that the top five sub-criteria adapting to
sustainable business strategy are innovation process (0.106), Customer Satisfaction (0.095), business
processes (0.080), service (0.074), and market share (0.063), as shown in Table 6. The results show
that to effectively achieve the overall effectiveness of the adaptation to sustainable management
strategies, it is necessary to strengthen the application of the innovation process and the supply chain
relationships, and mutual trust must be established with long-term interaction and cooperation [28].
Additionally, providing products to meet customer satisfaction is critical. For example, with the same
products, there is now environmental consciousness in customers’ choices, and they tend to buy
products with eco-labels. Meanwhile, business processes within the enterprise must be implemented;
otherwise, the effectiveness of the adaptation of sustainable management strategies will be greatly
reduced [45]. Additionally, companies must plan sustainable services to meet customers’ requirements
for sustainable development, to increase market share, and to accomplish the goal of sustainable
business strategies and benefits.

What is more, there is the added new dimension of the sustainability Balanced Scorecard—sustainable
development, the five sub-criteria of which do not receive a higher rating from experts. They are:
industrial safety and health (0.042), environmental protection (0.039), labor rights (0.032), social care
(0.031), and protection of human rights (0.021). Nevertheless, they should be taken into account.
According to Thomas Saaty, even the smallest factors, as long as they will have an effect, need to be
included in the structure [38]. The results of this study show that most experts believe sustainable
development strategy must be adapted from the comprehensive nature of system processes of the
enterprise, rather than unilateral emphasis and promotion on individual indicators to achieve the
overall effect.

Based on the above, this study used the characteristics of ANP to determine the priority of weights
of each sub-criterion and reflect the current trend of sustainable issues of the bicycle industry in Taiwan.
This study clarifies that with the adaptation of sustainable business strategies, it is also important
to focus on the transformation of the company's internal systems. Under the premise of sustainable
business strategies, innovative approaches are taken to improve enterprise business processes and to
improve customer satisfaction and thus to achieve the goal of sustainable development [3,27].
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5. Conclusions and Recommendations

In accordance with the purposes of this study, research and analysis are conducted; the conclusions,

managerial implications, and suggestions are as follows.

5.1. Conclusions and Managerial Implications

)

@

®)

This study attempted to adjust and modify the traditional Balanced Scorecard framework and
used an expert questionnaire to confirm that the introduction of sustainable management strategy
into the bicycle industry should be from five major categories: Financial, Customer, Internal
Business Processes, Learning and Growth, and Sustainable Development. With selection via a
filtering mechanism, the five dimensions contain a total of 21 key projects. The results of the
questionnaire show that the evaluations of the experts are highly consistent. On the managerial
implications, these five dimensions can be regarded as the core of the bicycle industry’s adaptation
to sustainable management strategies, and according to the 21 key projects, the performance
indicators are set correspondingly to measure the effectiveness of the adaptation of sustainable
management strategies.

From prioritizing key projects of various dimensions in the bicycle industry adaptation to
sustainable management strategies, it is known that companies must focus on promoting the
return on capital employed and productivity to improve financial performance. By achieving
customer requirements for sustainable development, customer satisfaction and market share
can be enhanced. The company must also focus on changing the process of innovation and the
nature of enterprise, implemented in the company’s internal operational processes. Furthermore,
companies must pay attention to employee satisfaction and give emphasis to employee incentives
and sufficient authorization to improve the efficiency of learning and growth of the organization.
The company must start with industrial health and safety within and then broaden outward to
the relevant interested parties to achieve the purposes of environmental protection and social care.
In terms of managerial implications, the company can apply ANP to conduct the assessment on
various dimensions, to obtain results that are more rational and more in line with the company’s
features. By confirming the relative importance of the various indicators as the performance
measure in strategy implementation, the strategic direction of the company can be focused to
enhance the effectiveness of the company’s strategy execution.

From the overall analysis of the bicycle industry adaptation to sustainable management strategies,
the three key factors are innovation process, customer satisfaction, and business processes. The
Taiwanese bicycle industry has responded to global sustainable environmental consciousness,
as well as the highly competitive international business. To achieve the goal of sustainable
development, the enterprise itself must have the forces of innovation and of research and
development and be able to grow with trends and to create advantages. The company must
also effectively take hold of the changing needs of customers and improve customer satisfaction.
Moreover, when the industry adapts to the sustainable management strategies, the main point of
implementation is to change the nature of the corporate business processes. As to managerial
implications, if Taiwan’s bicycle industry wants to possess a competitive advantage on the global
stage, the results of this study should be heeded. Innovation process, customer satisfaction, and
business processes must be emphasized to conform to the trend of the times and the environment.
Innovative force must be restored in preparation for sustainable management strategies and to
enable the brand leading the industry to grow.

5.2. Limitations of the Study and Recommendations

This study analyzes the assessment model of the bicycle industry’s adaptation to sustainable

management strategies, giving the practical applications to industry as well as directions for future
research. The recommendations are as follows.
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(1) Practical application to industry

This study analyzes and assesses only those strategies for the sustainable management of the
bicycle industry; hence, the conclusions are not suitable to explain other industries. It is suggested
that decision-makers from the bicycle industry can benefit from the results of this research, which
are the Balanced Scorecard of sustainable management, the five facets, and a total of 21 performance
indicators. They must merge and implement these tools with the company's sustainable management
strategy. Additionally, performance evaluation is suggested to realize the current situation of the
company as a basis for subsequent improvement.

Furthermore, the sustainable management BSC ANP assessment process in this study can also
be referred to, to cope with external environmental factors and the company’s attributes, as well
as to reexamine and assess from a holistic perspective. By using ANP assessment to inspect the
importance of each performance indicator and analyze its connotations for management wishing to
create a concrete and feasible action plan, the implementation of performance indicators and the goal
of sustainable development can be achieved.

(2) Future research

This study is primarily related to the bicycle industry; therefore, the conclusions give priority to
the bicycle industry’s sustainable development. Future research could incorporate the customer views
into the bicycle industry to form the basis of strategic planning. In addition, the Balanced Scorecard
of sustainable management mainly takes the entire bicycle industry as the research object to provide
strategies of sustainable development. Follow-up studies could address individual bicycle businesses
as a case study. Based on the attributes of the company, sustainable business performance assessment
tools can be facilitated to design a more complete and detailed measure, and the performance of
sustainable development strategy can be introduced to businesses so that they can perform quantitative
analysis. In addition, in the current generation of shorter product life cycles, it is recommended to
conduct a one-year period of dynamic monitoring.

The Balanced Scorecard assessment process proposed in this study can be taken into account for
the assessment of future development in the bicycle industry, to manage the dynamics of the bicycle
industry and therefore determine a company’s business direction. Additionally, the bicycle industry
trends and the status performance of the company can be compared to understand a company's
advantages, disadvantages, and opportunities to better facilitate and make the most effective use of
limited resources.
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Abstract: Product service systems (PSS) have been researched in academia and implemented in
industry for more than a decade, and they bring plenty of benefits to various stakeholders, such
as: customers, PSS providers, the environment, as well as society. However, the adoption of PSS in
industry so far is limited compared to its potentials. One of the reasons leading to this limitation is
that PSS design is tricky. So far, there are several methods to design PSS, but each of them has certain
limitations. This paper proposes a co-creative framework, which is constructed using the concept of
user co-creation. This novel framework allows designers to design PSS effectively in terms of users’
perception of PSS value, design quality and evaluation. The authors also introduce a case study to
demonstrate and validate the proposed framework.

Keywords: product service system; PSS; PSS design; co-creation; PSS redesign; PSS business model

1. Introduction

1.1. Product Service System

Before the 2000s, consumers were familiar with the paradigm in which companies sell tangible
products to the market. For instance: Nokia provided mobile phones; Electrolux provided washing
machines; HP provided printers, efc. Nowadays, the demands of customers become more and more
diversified, and the business environment becomes more and more competitive. This leads to the fact
that companies are having a difficult time competing with the conventional business model of selling
purely tangible products [1,2]. There is a need for finding new ways to enhance competitiveness,
to attract new customers, as well as to keep existing ones. This need is fulfilled by incorporating
the concept of product service systems (PSS) [3-5]. These PSS are a form of servitization in which a
combination of a tangible product and an intangible service, called a “PSS offering” or simply “PSS”,
is provided to the customers [6].

There are several examples of PSS in reality. According to Goedkoop et al. [7], PSS is “a marketable
set of products and services capable of jointly fulfilling a user’s needs”. By this definition, the offering
of an iPhone and the Appstore from Apple Inc. can be considered as a PSS. In the same manner, a
car-sharing service, where the users check in and pick up a car at a station, use and return the car at
another station, check out and pay per use, is also a PSS. In the car-sharing example, users do not
buy the car; they buy the “mobility” or the use of the car. This new concept of buying is similar to a
“functional economy” [8], where customers are interested in “hiring products to get jobs done” [3,9,10].
Baines ef al. also introduced a well-known example of a PSS, which is the “document management
solution” [11]. In this example, the customer does not buy a photocopier. Instead, the customer only
buys its use. The company still owns the product and takes care of refilling, maintenance, replacing
parts, etc.

Sustainability 2016, 8, 434; d0i:10.3390/5u8050434 22 www.mdpi.com/journal/sustainability
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Since the very first work by Goedkoop et al. nearly two decades ago, PSS has gone a long way with
various research having been carried out by various researchers. The pioneering works also include the
ones by Mont [8] and Morelli [12]. So far, PSS is classified into several types. According to Tukker [13],
there are three types of PSS: product-oriented PSS, use-oriented PSS and result-oriented PSS.

1.2. Adoption of PSS in Industry

PSS brings benefits to various stakeholders, as studied in the literature [5,11]. For the customers,
PSS provides flexible services with a higher level of personalization, better and continuously-improved
quality and, finally, total satisfaction. For companies, thanks to the implementation of PSS, they gain
the loyalty of customers, as well as better control of product quality, continuous improvement, chances
for reducing costs, increasing knowledge and innovation. For society and the environment, PSS is
also beneficial in terms of reducing materials’ consumption through sharing their use, increasing the
responsibility of manufacturers, expanding the lifecycle of the products and creating more jobs in the
service sector.

PSS is now adopted more and more in industry. In order to promote the adoption of PSS, several
challenges need to be resolved. These challenges were mentioned in various works by Mont [8],
Baines et al. [11] and Beuren et al. [5]. The first challenge is that “ownerless consumption” is not
familiar to the vast majority of customers. They are familiar with the concept of paying and getting
“physical” items. Another challenge is for the manufacturers. They might have difficulties when
making decisions on pricing, managing risks and changing the organization due to a changing business
model. The major challenge for expanding PSS adoption is “PSS design”. This is not an easy task,
because PSS is a complicated system. In PSS, besides products and services, there are also other
elements, such as the delivery network, stakeholders, value proposition, etc.

In order to design PSS, several methods have been introduced. Vasantha et al. reviewed eight
well-known PSS design methods that have been implemented widely so far [6]. As will be analyzed
in Section 2, there is still a lack of an effective method to design PSS collaboratively and practically.
This lack somehow limits the expansion of PSS adoption in industry.

1.3. Motivation for This Work and Research Goal

This research is motivated by the following real-world scenario: Mulenserv is a company that
provides various engineering services to customers in the industrial market. One of Mulenserv’s
services is a PSS, which leases technical manuals and books together with supporting services
(lectures, application workshops, technical contests, etc.). Their target customers are engineering
individuals, as well as small technical companies. This is a niche market, and the PSS is highly
customized due to the diversified demands of various customers. After six months of the initial release,
the response of the market was limited: acceptance of potential customers, as well as satisfaction
of customers who purchased the PSS were lower than expected. The company needs to redesign to
improve the PSS, so that the acceptance rate and customer satisfaction can be improved and the sales
can be increased sustainably. In order to achieve this goal, they need an effective customer-centric
framework to improve the PSS design, i.e., redesign the new PSS starting from the existing one.
According to Vezzoli et al. [14], most of the successful cases of PSS applications are from the B2B
(business to business) sector, not B2C (business to consumer). Mulenserv is a typical B2C case, and a
design solution is needed to help its PSS survive when being launched.

Since customer acceptance and satisfaction with the PSS is of critical importance to its success and
this acceptance strongly depends on the perception of the users of the provided service [14], this paper
aims to develop a co-creative framework that allows companies to redesign a PSS in order to improve
the design of the PSS in terms of users’ perception of its value, design quality and evaluation and, thus,
leading to increasing customer acceptance and, therefore, increasing its success. In this work, we set
the scope of the framework in a B2C environment. We construct this framework by incorporating the
concept of user co-creation.
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The next parts of this paper are organized as follows: Section 2 reviews existing literature that
is related to the research topic. Section 3 analyzes solutions and proposes the framework. Section 4
introduces the case study, the experimental implementation, results and discussions. Section 5 draws
concluding remarks and suggests future work.

2. Literature Review

2.1. Existing Methods to Design and Redesign PSS

PSS providers need tools, techniques and methods to design and enhance their PSS to satisfy
their customers. There has been much research conducted to propose PSS design methodologies with
similar intentions and different ideas [15].

Several methods for designing PSS have been introduced so far [1,2,11]. Beside case-specific
methods, which were developed to design very specific PSSs [16,17], there are several generic methods
that can be used to design various cases of PSS. These methods were summarized by Vasantha et al. [6].
Although being well known and widely implemented, these methods have limitations. One of them
is the lack of user co-creation in the design processes [6]. These methods do not mention in detail
the importance of co-creation, and there are no clear definitions of the roles of customers in the PSS
design process.

More recently, Pezzotta et al. [18] proposed a framework to design and assess PSS from a service
engineering approach. This framework utilizes computer-aided modeling tool for service design.
It starts with functional analysis and the identification of customer needs, simulating and testing
various scenarios to find out the best solution. Although being well structured, this method has little
involvement in co-creation, and the case study provided in the work [18] is more like a B2B case.

Morelli [19] commented that design methods should identify who is involved in the design
process and their roles, as well as possible scenarios that could occur. The need for implementing
customer co-creation is also raised in the work of Beuren et al. [5]. Vezzoli et al. [14] implied that a
design method should include details of where and when to involve stakeholders (producer/provider,
customer, etc.) and to allow customers to customize a PSS according to their preferences.

Beside the lack of co-creation, existing PSS design methods provide little practical guidelines for
practitioners (i.e., companies) [2]. Incorporating incremental steps in a path or practice is necessary
for a design method [14]. There is a lack of illustrating cases that can demonstrate and give insights
into how PSS design methods work in various situations. This explains why existing methods are
not effective in terms of practical implementation. Furthermore, Qu et al. [15] suggested that more
quantitative works need to be conducted in the literature because these works are more objective
and persuasive.

In summary, existing design methodologies have not considerably included co-creation in the
design processes and are not effective enough to act as practical guidelines for practitioners. In this
sense, the involvement of each stakeholder in the design phases is not clarified in detail, and the
representation of PSS itself is complicated. There is a need for a new method that is co-creative with
user involvement in the design process, better defined roles and responsibilities of stakeholders and
a simpler PSS representation and that can provide practical guidelines. This method also need to
be evaluable.

2.2. Value Perception

In a service-oriented system, like a PSS, value perception is a critical issue to decide the buying
potential of customers, because the service part in PSS is intangible and its value is difficult to measure
and estimate [9,11,12]. In order to increase the value perception of PSS, the value of the PSS needs
to be visualized. One of the methods to visualize PSS value is communicating and demonstrating
PSS to the customers [20]. The importance of PSS value and value proposition has been mentioned
in several works [21-23]. In one of the PSS design methods reviewed by Vasantha et al. [6], the value
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proposition is considered as an important dimension that forms the PSS [24]. Value is claimed to be
the differentiating factor that enables the success of a PSS, and new methods are needed to understand
value perception in order to evaluate PSS performance [11].

There are also several notable works on PSS value visualization. The value proposition was
emphasized in the PSS design method proposed by Morelli [12]. Several tools that support value
visualization have been introduced, including the “PSS board” [9] and color-coded CAD models [25].
A framework to enhance value visualization and perception has also been proposed by Kowalkowski
and Kindstrom [20]. The above works focus on either value perception of the company (instead of the
customers) [9,12,25] or value perception particularly in industrial markets [20].

Vezzoli et al. [14] commented that because of the lack of understanding about PSS and the
deep perception of its value, customers are not eager to adopt PSS solutions. This is a barrier for
PSS application at the industrial scale. There is a need for new strategies and approaches to make
consumers accept this new model of consumption.

In order to increase users’ acceptance of PSS offerings, designers must find ways to increase users
perception of PSS value, and thus, the visualization of PSS becomes critical. In Section 3, the authors of
this work propose a method to represent and present PSS to enhance the communication of PSS value
to the users and enable user participation in co-creation.

’

2.3. Co-Creation in the Design Improvement and Evaluation of PSS

Steen et al. [26] identified three types of benefits of co-creation for the design project, the customers
and the PSS provider. They did this by reviewing the literature and observing three service design
projects. In that work, experimental results were not reported in terms of numerical data, and they
also implied that there was a need for conducting another experiment and performing a numerical
analysis to validate the effectiveness of user involvement in a service-oriented design project.

The design and development of PSS is a participatory process, and thus, co-creation has been
mentioned in the literature as one of the success enabling factors for PSS [6,11]. Co-creation refers
to the participation of customers or users in various phases of its lifecycle, such as ideation, design,
development and implementation (i.e., use), etc. The role of user participation is critical to the success
because of the importance of users in a PSS model. Users are among the most important stakeholders,
and because of the presence of the “service” part in which users only buy or hire things that help them
to get jobs done [3,9], users’ voices deserve a deep consideration. As pointed out by Vansantha et al., to
improve PSS design, co-creation is employed limitedly in existing PSS design methods [6].

PSS evaluation is an essential issue that has been mentioned by various researchers [9,27-30].
Especially, evaluation at the development stage can help companies to reduce the risks of PSS launching.
Existing PSS design methods do not consider co-creation deep enough [6,11].

There are several works that dealt briefly with the evaluation issue in PSS design.
A “lifecycle simulation” model was proposed by Komoto and Tomiyama [30] and was demonstrated
with a maintenance service. The evaluation of PSS was also considered in the tool developed
by Lim et al. [9]. Another approach to PSS evaluation through prototyping was proposed [28].
These works [9,28,30] focused on the evaluation of PSS mostly for companies, not for customers.

Customers can be used as a source of innovation by involving them in the PSS design
process [1,11,31]. A PSS design process in which the participation of customers is used for evaluation
was proposed by Shih ef al. [27]. In other work, an algorithm for PSS evaluation was proposed by
Yoon et al. [28]. However, still, in these works [27,28], customers are not the main drive for making a
difference in the effectiveness of the evaluation result.

We aim to develop a novel co-creative framework that uses the co-creation of customers (i.e., users),
has detailed defined roles, responsibilities and activities of stakeholders throughout the design process
and includes a simple and clear PSS representation. This proposed framework is used to enhance the
value perception, evaluation and design quality of PSS. It starts with the existing PSS or initial PSS
conceptual idea and produces an improved PSS design as the outcome. The PSS that is developed
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using the proposed framework can be better accepted by customers. This leads to the success of PSS
and encourage the application of PSS in industry.

3. Methodology

Figure 1 shows the research procedure of this paper. This explains how we construct this
research. The authors analyze solutions to implement user co-creation and PSS representation. Based on
those analyses and the sequence of co-creative design activities, the authors propose the framework.
This framework is explained in detail and implemented in a case study as an experiment. The results
were collected, analyzed and validated to evaluate the framework.

3.1. Implementation of the Co-Creation Concept

The co-creation of customers/users in the PSS design process can be enabled by the participation
of users in various design activities. Previous research pointed out that allowing users to participate
in the design process might make significant changes [32]. Users can participate in proposing ideas,
suggesting design corrections or even generating new concepts.

As pointed out in a previous work [33], to make user participation become easy and effective, the
co-creation tasks need to be clarified and simplified. In order to achieve this, we carefully train the
participants about each task in which they are involved. We also use simplified PSS representation so
that the users can contribute their innovation properly and systematically.

[ Analysis of solutions

.

[ Framework proposal

.

‘ Experiment

.

{ Result analysis

.

( Framework evaluation

Figure 1. The research procedure.

3.2. Simplified PSS Representation

In order to simplify co-creation activity and maximize effective participation, we break down PSS
into basic elements so that the representation of PSS can be in the simplest form. When being shown to
the participants, the PSS will be represented as a combination of the following elements:

e  Product: The tangible part of a PSS, for instance an iPhone.
e  Service: The intangible part of PSS, for instance the Appstore
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e Process: Serial and parallel activities happen inside a PSS. This describes the process of how a PSS
is served to the customer.

e  Parameters: The metrics of product and service features. For example: how long is the service
time; how much is the charge per mile for a car sharing service, etc.

e Network: The infrastructure of PSS showing the interactions of products, services, users, etc.
For example, to deliver technical support services to PC (personal computer) buyers, the company
may use email, telephone, on-site, etc.

e  Stakeholders: Companies, customers, suppliers, etc.

e Value proposition: Model that explains how PSS provides value to a customer, a company and
other stakeholders.

A PSS can be represented in a simple form using a set of the above elements. Each representation
is called a “PSS configuration” or “PSS design” in this work. The purpose of this simplification is to
briefly represent a PSS as a combination of various “specifications”, and thus, it allows users to suggest
PSS designs easily by filling in the form with their favorite inputs for those specifications. We would
like to note that this is for the convenience of user participation, and this simplification is used only
within this work.

3.3. The Proposed Framework

Based on the analysis of solutions and the PSS design process, we propose a framework to enhance
the value perception, evaluation and design quality of PSS. The proposed framework is shown in
Figure 2.

hiiie

Evaluation

@

PREPARATION
sraRT
N Jory,
@ In-house activity o, ii' Open collaboration
(company staff) T New PSS (users, customers)

Figure 2. The proposed framework.

The proposed framework can be generally described as follows: The company wants to improve
their current PSS by redesigning it with user co-creation. To do that, they first invite a group of users
(Group 1) to participate. In order to make these users understand the PSS, the company represents
the PSS in a simple form, and then, they prototype the PSS so that the users can actually see and
experience the PSS. After that, these users co-create by suggesting various PSS options that they think
might meet their needs. The company collects inputs from users, analyzes those inputs and produces
new possible PSS designs. After new PSS designs are produced, the company invites another group of
users (Group 2) to participate in prototyping and evaluating the newly-created designs. The designs
will be evaluated by scoring along various criteria, and the one that gains the highest score will be
selected as the winning design. The company will try to improve this design, if possible, and finally,
they have a new PSS that is improved compare to the previous version. The detailed explanation of
the proposed framework, its phases and corresponding methods can be found in Table 1.
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Table 1. Working mechanism of the proposed framework.

Step

Tasks

Method

Implementation of Method

Preparation phase

Start
Description: The company has a
PSS to be redesigned or a PSS idea

0 to design further. N/A N/7A

Purpose: This step is the kickoff of

the process.

Representation

Description: The company breaks ~ Method: Simplified PSS

down a complex PSS into basic presentation (Section 3.2) A PSS is represented as a

elements and prepares to Purpose: This method is used combination of elements,
1 communicate to users so that they  to make users understand the  and the representation is

can understand.

Purpose: This step is the
preparation for prototyping and
user co-creation in the next phase.

PSS well, so that they can
contribute their ideas
effectively (Section 3.1).

summarized in a table
(see Table 2 below).

Creation phase

Prototype #1

Description: The company
demonstrates the prototype to a
group of users. The users see and
experience how the PSS works.
This prototype can be presented in
the form of a working prototype,
such as: participatory prototyping
or in the form of a storyboard, a
simulation or any media-based

Method: Storyboard and
participatory game

Purpose: The storyboard
explains briefly the PSS
structure and mechanism, as

The PSS is introduced to the
users firstly in the form of a
storyboard, which explains
what is included and how
the PSS is provided (process,

2 illustration, depending on the well as elemen}iﬁlan}cll parameters, efc.). After that,
type and characteristics of the PSS. P ara'nr'leters, while the I the users are invited to
Purpose: This step makes users p ﬁrtICIpatorytgame a§tua };h participate in the
(user Group 1) clearly understand ;Sg‘:]; user? © eg(perller}ce ¢ participatory simulation of
what the PSS is like and how it emserves by playmg the PSS by playing roles.
might be provided. By roles in the PSS process.
understanding this, they can
experience the PSS to some extent,
and this allows them to contribute
ideas more properly.
Co-creation
Description: The users participate
actively to propose their own “PSS  Method: User Users are asked to fill in a
configurations” and customize the  submission forms form with their desired
PSS design according to their own  Purpose: These are forms that ~ parameters for the PSS. They
preferences. This can be done by are created especially for are also asked to give
3 inviting users, hosting collecting user inputs. The comments and suggestions
participatory games or pre-defined forms helps to for the existing PSS, which
crowdsourcing. simplify the task for user was previously
Purpose: This step allows users to submission and, thus, ensure demonstrated in the
contribute their ideas by directly effective contribution. “Prototype #1” step.
inputting their
desired parameters.
Analysis
Description: The company
analyzes user-generated PSS o Designers collect user input
configurations and identifies the Zs\faetti};ilijc.asllige sis options and parameters,
“favorite” configurations. Purpose: This n}fne thod allows cluster them into segments
4 Purpose: This step summarizes pose: of closely equivalent values,

user inputs and analyzes how
various alternatives of PSS options
are favored by users. From this
analysis, new PSS concepts

might emerge.

designers to collect and
classify options to
find “patterns”.

count frequencies and figure
out the “favorite”
configurations.
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Table 1. Cont.

Step

Tasks

Method

Implementation of Method

Creation phase

Generation

Description: Based on the “favorite
configurations” above, the
company builds new PSS

Method: Concept generation
Purpose: This method helps to
generate various concepts or

Designers combine various
options and generate several

5 concepts, i.e., . o alternatives that can be
aser d . alternatives by combining idered
generated concepts”. various favorite options considered as
Purpose: This step makes new PSS and parameters P user-generated concepts.
concepts from users’ favorite P ’
options and parameters.
Prototype #2 .
Description: The company Aiitt}llgf astto(irybi:;;i and The PSS is introduced to the
demonstrates the prototypes of IP;ur osI:' Theys%mr board users firstly in the form of a
newly-generated concepts to a ex lljain;s briefl t}}ie PSS storyboard that explains
group of users so that they can P y . what is included and how
structure and mechanism, as . .
evaluate them. the PSS is provided (process,
6 well as the elements and

Purpose: This step ensures that the
users (user Group 2) understand
the PSS thoroughly as, well as
experience the PSS themselves, so
that they can give a precise and
proper evaluation.

parameters, while the
participatory game actually
allows users to experience the
PSS themselves by playing
roles in the PSS process.

parameters, efc.). After that,
the users are invited to
participate in the
participatory simulation of
the PSS by playing roles.

Finalization phase

Evaluation

Description: The evaluation criteria
are explained to the users, and the
users score to evaluate various
concepts. Based on the evaluation
results, the company can select the

Method: Multi-criteria scoring
Purpose: This method allows
users to evaluate the PSS along
various criteria, and thus, a

A list of criteria is proposed
(Table 5) and a scoring scale
of 1 to 5 is used to score PSS
concepts. Scores are

7 I‘g’;?;ul;g "E"zhié S::pbfsfl)ecc(:?:gt Compr?hensive gvaluation can  collected and} calculated, and
evaluation of users (user Group 2) be ?lch1eved to give deeper the results will be usgd to )
for the newly-designed PSS, as maghts and a ) compare concepts to identify
well as the existing PSS, so that Pprecise comparison. the best one.
the performances of alternatives
can be compared quantitatively.

Improvement

Description: The company can

improve the winning concept by

selecting strong aspects of other Designers try to find strong
concepts and implementing these aspects of low scored

8 aspects in the winning conceptto  Method: Manual improvement  concepts and try to
achieve an “improved concept”. implement those aspects in
Purpose: This step helps designers the winning concept.
to exploit the best aspects of each
concept to ensure that there is no
waste of innovation.

End
The company achieves a new PSS
9 design that is improved compared N/A N/A

to the initial idea or the
previous design.

Section 4 introduces a case study that is used to explain how the proposed framework can be
used and validated.
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4. Case Study and Validation of the Framework

4.1. Introduction to the Case

In Section 1, we mentioned Mulenserv and its PSS briefly. Mulenserv has a PSS called
“N-Handbook”, which is a book plus additional services for individuals and enterprises to learn
new product development (NPD) at a professional level. The N-Handbook is a complex PSS offering,
as shown in Table 2.

Table 2. Elements of the N-Handbook.

Element Content

e  Aprinted book
Product o Optional additions: USB/DVD for lecture video storage,
wooden box for keeping the book and accessories

e Lecture videos (YouTube channel)
e Offline lectures
. Additional documentation (tutorials, case studies, exercises,

Service etc., on closed discussion boards)
e  Questions and Answers (QnAs)
. Offline seminars, examination and certification, project

guidance, consulting

e Online/offline announcement
e Customer consulting
e Customer purchase + delivery

Process e  Customers use
e  Provide services
e  Feedback and prepare for next version
e Forms of support
e Number of offline lectures
e Length of each offline lecture
e Availability of online lectures
e Length of project practice

Parameters e Availability of examination and certification

e Recommendation for job seeking

e Annual update frequency

e Number of offline seminars/best practices
e Renewal fee for new release

e Price of the package

e  Existing web systems of Mulenserv, social network, email, efc.,
Network for delivering services
e Offline network for delivering products (shops, post offices)

e The company (designers, staff)

e  Users
Stakeholders e Suppliers (print shops, network providers)
. Others

N e  Bringing long-term benefits with flexible costs
Value proposition o Users make the most of the N-Handbook

4.2. Experimental Implementation of the Proposed Framework

In order to demonstrate, as well as to validate the proposed framework, we conduct an experiment
with user participation. In this experiment, a group of users is asked to comment, suggest, give
feedback to the existing design of the N-Handbook and to further ideate their own configuration of
the N-Handbook. Details are as follows:
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Step 0: Start

The company starts with the existing design of the N-Handbook, which is currently offered to
customers. This design is denoted as Dy.

Step 1: Representation

The PSS is represented using a simplified representation.

In this experiment, assuming that the process, network, stakeholders and value proposition
elements are fixed, the existing N-Handbook can be described as in Table 3.

Table 3. Details of the existing N-Handbook.

Element Content

Product . A printed book: black and white

e Lecture videos: YouTube channel

e Offline lectures: Yes

. Additional documentation (tutorials, case studies, exercises,
Service etc., on closed discussion boards): Yes

e  QnAs: Yes

e Offline seminars: Yes

e Online/offline announcement
e  Customer consulting
e Customer purchase + delivery

Process e  Customers use
e  Provide services
e  Feedback and prepare for next version
e Forms of support (FOS): No
e Number of offline lectures (NOL): 12
e Length of each offline lecture (LEL): 2 h
. Availability of online lectures (AOL): Yes
e Length of project practice (LPP): not available (N/A)
Parameters e Availability of examination and certification (AEE): No

e Recommendation for job seeking (R]S): No

e Annual update frequency (AUF): 1 per year

e Number of offline seminars/best practices (NOS): 1 per year
e  Renewal fee for new release (RFR): 50% discount (DC)

e Price of the package (POP): 210 USD

e  Existing web systems of Mulenserv, social network, email, efc.,
Network for delivering services
e Offline network for delivering products (shops, post offices)

e The company (designers, staff)

e Users
Stakeholders . Suppliers (print shops, network providers)
. Others
Value e Bringing long-term benefits with flexible costs
proposition e Users make the most of the N-Handbook

Step 2: Prototype

The company communicates about the printed books and shows media about the additional
services and explains the process, network, value proposition, parameters, efc., of the N-Handbook
in detail to a group of 21 participants (Group 1). These participants are selected from the database of
individuals who showed interest in the N-Handbook, including the persons who asked for information
and the persons who actually purchased. This is to ensure that the selected participants are enthusiastic
enough about the future PSS and that we can keep them in the loop of participation.
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Step 3: Co-creation

The participants are asked to give comments and suggestions for improving the existing design.
The participants are also asked to propose their own preferences for the N-Handbook offering,
including product, service and parameters. This is done by direct input to a pre-defined form.

Step 4: Analysis

The feedback (comments, suggestions) from the participants are collected and applied to improve
the design of the existing N-Handbook.

The proposed preferences of the participants are collected and analyzed to find “favorite patterns”
or the favorite PSS configurations. This is done manually by the designers by counting each and every
proposed preference and making detailed statistics.

Step 5: Generation

The designers generate “new PSS designs” in this step. The design that is the result of implementing
participants” comments and suggestions is called Dox. There are three “favorite patterns” from
participants” proposed preferences, and thus, the designers produce three more “new PSS designs”,
which are called Dy, D, and Dj. The details of Dgx, D1, D, and D3 can be found in Table 4 below.

Table 4. Comparison of various new N-Handbook designs.

Content of N-Handbook Designs

Element
Dox Dy D, D3
Black and
white printed C . . .
book olor printed book Black and white printed
Product Color printed book Wooden b Wooden box book
codenbox DVD DVD
USB
DVD
YouTube channel AOg(l;ir:ieOl:;lture Offline lecture YouTube channel
Offline lecture documentation Additional Offline lecture
Service Additional documentation documentation Additional documentation
QnAs
QnAs Offline QnAs QnAs
Offline seminars . Offline seminars Offline seminars
seminars
. Online/ offline announcement
e Customer consulting
e Customer purchase + delivery
Process e Customers use
e Provide services
e Feedback and prepare for next version
FOS: Multi ) e
FOS: No FOS: Facebook  NOL: 12 oyl o
NOL: 12 NOL: 4 LEL:2h LEL: 2 h
LEL:2h LEL:2h AOL: No AOL' No
AOL: Yes AOL: Yes LPP: 3 months LPP- '2 months
LPP: 3 months LPP:3months  AEE: Yes AEE" Yes
Parameters AEE: Yes AEE: Yes RJS: Yes RJS: lYes
RJS: Yes RJS: Yes AUEF: 3 per year AU‘F* 3 per year
AUF: 2 per year AUF: 1 per year NOS: 3 per year NOS-' Zper year
NOS: 2 per year NOS: 4 per year  RFR: 70% DC RFR"SO“P;O D)é
RFR: 70% DC RFR: 70% DC POP: 230 USD POP: 190 USD
POP: 210 USD POP: 200 USD (*): Facebook, Boards, . .
R B (*): Boards, email
email, Mobile apps
. Existing web systems of Mulenserv, social network, email, efc., for delivering services
Network e Offline network for delivering products (shops, post offices)
e The company (designers, staff)
e Users
Stakeholders e Suppliers (print shops, network providers)
. Others

» e Bringing long term benefits with flexible costs
Value proposition 4 Users make the most of the N-Handbook
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Step 6: Prototype

The company demonstrates the prototypes of the PSS concepts to a new group of 65 participants
(Group 2) who are selected from the database of individuals who showed interest in the N-Handbook,
including the persons who asked for information and the persons who actually purchased.

Step 7: Evaluation

After explaining the four designs (i.e., Dgx, D1, D, and D3) thoroughly, the participants are asked
to score each design along various criteria on a one to five scale. The scoring criteria are retrieved from
the survey result from both groups of users before their participation. These are the most agreeable
criteria to be used to evaluate the designed PSS among the participants. Details of the scoring criteria
are provided below (Table 5).

Table 5. Scoring criteria.

Criteria Description

Ease of access ~ How easily can the users access, use and leverage the package?
Applicability Is this package applicable to the users’ job?
Affordability Is the price of the offering affordable (considering its content)?
Desirability Do the users want to buy the package?
Necessity Is this package necessary for the users’ job?
Acceptance If the users are offered this package, would they accept the offering?

Various designs are scored along the above criteria, and the results are recorded for further
analysis. The analyzed results are shown in Section 4.3.

Step 8: Improvement

After scoring, the best design is identified, and the designers would try to improve it by trying to
implement the strong aspects of other designs into it.

Step 9: End

The company achieves an improved PSS design with higher quality, user acceptance
and satisfaction.

4.3. Experimental Results

After collecting the scores from participants, we calculate the mean values of scores for all
65 participants, as shown in Table 6.

Table 6. Mean values of scores for various designs along various criteria.

Mean Value of Scores for Various Designs

Criteria
Dox D, D, D3

Ease of access 3.21 3.80 3.98 3.72
Applicability 3.18 3.74 3.90 3.97
Affordability 2.74 3.20 2.87 3.75
Desirability 2.70 3.13 3.38 3.44
Necessity 3.28 3.72 3.85 3.75
Acceptance 3.02 3.54 3.98 3.66

Figure 3 shows the data in Table 6 graphically.
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Figure 3. Visualized data showing the scores of various designs along various criteria.

Figure 3 shows that, for all criteria, designs that were suggested by users (i.e., D, D; and
D3) perform better than the design that was developed solely by Mulenserv’s designers (i.e., Dgx,
represented by the line with square points), especially in terms of “ease of access”, “applicability”
and “acceptance”. This shows the outperformance of user-suggested designs, and thus, it shows the

benefits of user co-creation and the use of the proposed framework.

4.4. Result Analysis and Validation

In order to validate the significance of experimental results to draw conclusions on the advantage
of the proposed framework, the authors perform a f-test on the collected data of Dpx and Dj.
The dataset for this ¢-test is collected from scoring results by all participants. This means that we use
the result of the experiment performed at Mulenserv in the case study for this validation. The analysis
results, which are rounded, are shown in Table 7.

Table 7. t-test analysis results.

Value Ease of Access  Applicability Affordability Desirability Necessity Acceptance
Pearson correlation coefficients 0.257 0.317 0.403 0.391 0.390 0.0314
t-statistic 4387 5.068 0.798 4128 3.879 5.030

P (T < t) one-tailed 2191 x 107> 1.833x 10~° 0.214 5399 x 107> 1.250 x 10~%  2.111 x 10~°

P (T < t) two-tailed 4382 x107°  3.667 x 107°¢ 0.428 1.080 x 107% 2,501 x 10°% 4221 x 10~¢

The reason why we choose D, to compare to Doy is that D, performs the highest among the three
user-suggested designs in terms of “acceptance”, which is the most important criteria for a PSS.

Table 7 shows that, for almost all criteria, the differences between D, and Dy are large enough
to confirm the significance of the collected data because of the t-test result, P (T < t) < 0.05 for both
one-tailed and two-tailed tests. There is only one exception for “affordability”. For this criterion, the
t-test result cannot ensure the real difference between D, and Dgx. Another t-test result shows that, in
terms of “affordability”, D3, which was also suggested by the users, significantly outperforms Dyx.
In order to improve D, to become even better, Mulenserv can consider applying D3’s pricing strategy
to enhance D;,’s “affordability”.

Eventually, we can say that the experimental data are significant, the results are validated and
the user-suggested designs perform better than the design that was solely developed by Mulenserv’s
team. This confirms the advantage of the proposed framework.

The key to successful implementation of this framework is user co-creation throughout the process.
Users understand what they need the most and would be ready to accept offerings that are tailored to
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their needs. Two other important factors are the simplification of PSS configurations using elements
and the demonstration of PSS prototypes so that the users can experience and understand the PSS
before co-creation. The proposed framework is structured regarding all of those factors.

There are several issues when adopting the design process of conventional NPD (new product
development) to the PSS context. In NPD, the company designs and develops products according to the
requirements that were retrieved from customer needs and the results of competitive benchmarking.
In some cases, the communication of customer needs to the design team is not done properly, and that
leads to ineffective products. When being applied to PSS design, where user emotion, behavior and
preferences are highly significant, conventional NPD processes may not work properly. These cases of
designing PSS need a new approach, such as our proposed framework. On the other hand, if the design
requires technical skills, such as engineering, drafting, manufacturing, etc., the co-creation task may
become difficult for users to participate in, and the model may not be applied effectively. In summary,
the proposed framework can effectively deal with the designing of user-sensitive components, such as
consumer PSS in a B2C environment (not industrial PSS in a B2B environment).

After proposing the framework and conducting the experiment, we gained more insights and
experience of how users are actually involved in a co-creative design process. To gain the expected
result for implementation, several guidelines can be found below:

e  Prepare the scenario of implementing the framework in the case, and communicate necessary
activities during the process to all design team members.

e  Prototypes of PSS are very important. The prototypes help users to fully understand how the
PSS works, allowing them to experience it so that they can generate and evaluate the PSS in a
correct way.

e Representing of the PSS is also important. PSS representation needs to be simple, but thorough
enough to cover all possible PSS elements and parameters. This allows users to co-create effectively
in terms of quantity and quality.

e Selection of the right participants is essential. Since the participation to co-create in this process is
time consuming and requires plenty of effort, only users who are enthusiastic enough can ensure
effective participation.

4.5. Managerial Implications

As shown by the validation of the experimental data, proper implementation of the proposed
framework can lead to better performance of the PSS. This suggests that the concept of co-creation and
user involvement can be implemented to bring innovation and breakthroughs to PSS development.
The proposed framework can also be used to estimate the response of potential users (buyers) to the
“to be launched” PSS. Companies can customize the proposed framework for their specific PSS design
projects while keeping the basic principles: the right users; simple representation; thorough prototypes;
easy input forms; and comprehensive evaluation.

In the case study of this paper, we use an on-site participatory design for invited users. Other
methods of involving users can also be used, such as crowdsourcing. In this case, we can use a website
where we upload a call for participation, demonstrations of the PSS, guidelines for each and every step,
etc. This is another option for PSS projects. As suggested in the “Tasks” column of each step (Table 1),
companies can choose various tools to perform tasks in the process of the proposed framework.

5. Conclusions

In this work, the authors propose a co-creative framework for redesigning a PSS. For the first
time, a framework for user co-creation in PSS design has been proposed, detailed and evaluated with
experimental implementation.

Our work provides a practical guideline for developers in designing and redesigning PSS.
It enhances the value perception, evaluation and design quality of PSS. The experimental
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implementation with the case study and the analysis of the experimental results shows that the
proposed framework is valid.

The proposed framework can effectively deal with the designing of user-sensitive components,
such as consumer PSS in a B2C environment. In cases that requires a high level of technical skills and
knowledge or cases with complicated service processes, such as industrial PSS (in a B2B environment),
this framework might not work effectively.

Whether PSS can lead to achieving sustainability depends on how the technical design and the
business model are developed to address sustainable development criteria. One limitation of this work
is that, due to its focus, there is a lack of such consideration. Therefore, this work cannot claim the
possibility of achieving sustainability through PSS. In our following work, where the focus is more
appropriate, we would consider this issue as a separate research topic.

Furthermore, for future work, in order to prove the advantages of the proposed framework, a
comparison between its implementation results and those of other existing methods will be carried
out. Furthermore, an architecture of a computer program (or a mobile application) that employs this
framework as the backbone can be developed. This program can assist design teams to design PSS
collaboratively within their own team and with innovative customers.
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Abstract: The paper presents the results of theoretical discussions and research findings in the field
of designing sustainable business models that support the creation of value at various stages of the
business life cycle. The paper presents selected findings of extensive research into the business models
of Polish companies listed on the Warsaw Stock Exchange. Companies which are at various stages of
development should build and adapt their business models in order to maintain the ability to create
value for stakeholders. Characteristics of business models at the early stages of development are
different than at mature stages. The paper highlights the differences in business models in the context
of the life cycle of companies and sustainability criteria. The paper presents research findings which
show that the company’s development can be seen from the point of view of the business model.
Research on business models concentrated on identifying the key attributes and the configuration
of the business models appropriate for the early stage of development as well as the maturity stage.
It was found that the business models of companies at an early stage of the development of companies
listed on the Warsaw Stock Exchange are oriented primarily to how the company shapes, delivers,
and captures value from the market in order to generate profits for shareholders and increase the
value of the company, while the business models of mature companies include the intentions of
management used to balance objectives with respect to different groups of stakeholders, and to
carefully formulate and implement business objectives with particular attention paid to preserving
the sustainability of the business. The assessment of business models from the point of view of the life
cycle proves that managers change their approach to configuring business models over time; at some
point, they include management intentions aimed at a broader range of goals than merely generating
profits. At the early stage, it is important to adapt the business model to the ability to create value
for shareholders by actively searching for the optimal configuration of the business model. Here a
component approach to making rapid changes in the structure of the business model is essential.
The business model of mature companies is based on assumptions ensuring the long-term viability of
the business and is holistic in nature. When the company moves from the stage of early development
to the maturity stage, business models change in such a way that the assumptions of the Triple Bottom
Line concept become increasingly important, as expressed in the joint implementation of Corporate
Social Responsibility and Value-Based Management assumptions. At the early stage of development,
the business model strengthens the need to create value for shareholders and is not as dependent on
strong partnerships with a large number of stakeholders. At the maturity stage, it is important to
balance the objectives of all stakeholders and to build long-term relationships with them. As regards
relationships with the environment, business models at these two stages are different. The paper
presents research on the business models of companies at their early stage of development as well as
mature companies, taking into consideration the assumptions of the Sustainable Business Model.

Keywords: business model; company value; capital market; balance; a sustainable business model; life
cycle of a business model; early stage of company development; maturity stage of company development
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1. Introduction

Conducting business in the conditions of the economic crisis has given rise to a new perspective
on the decision-making processes taking place in companies. Companies' ability to manage business
continuity, including their abilities related to strategic revival or restructuring, is acquiring special
significance which should contribute to ensuring the continued creation of company value. This is
important in that the management mechanisms of the capital market are significantly influenced by
changes in the macro-environment occurring at the same time, forces of sectoral determinants and
internal decision-making processes in companies. One of the key strategic factors affecting these
processes is to have the appropriate competencies related to company life cycle management using
efficient business models. These models, which define and take advantage of the company’s potential
to compete, shape the image of the company in the market and are a source of competitive advantage
which the company has and renews cyclically. It should be noted that, as [1] (p. 174) writes, a business
model concept is based on economic sciences and paradigms related to conducting business. This insight
allows a researcher to expand the scope of research into issues related to the active conduct of modern
business. The authors hypothesize that the achievement of success by a company and its ability to
build company value over a long period of time depends on having an efficient business model in
each period of business activity using sustainability criteria. This model should be appropriate for the
present market conditions and should allow the company to adjust to ever-changing needs by managing
its configuration in such a way that the interfaces between its components provide a platform for the
dynamic development and growth of the company at each stage of its operation.

The purpose of the paper is to present the research findings and discussions in the field of
designing business models that contribute to the creation of value at various stages of the business life
cycle, and indicates that a business model at the maturity stage of development has the characteristics
of sustainability. The paper presents selected theoretical aspects and the findings of extensive research
into the business models of companies listed on the Warsaw Stock Exchange, as published in works by
M. Jabtoniski [2] and A. Jabtoniski [3]. The studies described in these publications have been selectively
chosen for the purpose of this paper, as well as combined and interpreted in such a way as to cover
all the stages of a company’s life cycle. The same applies to studies and analyses and how they
take into account the business models of both companies at the early stage of development and
mature companies. Based on the data, the paper presents reflections on and analyses of business
models in the life cycle in the context of business model development which fulfills the objectives
of the sustainability concept. The managers of companies at the early stage of development focus
their attention on designing, delivering scalability and dynamically adjusting the business model
used. Conversely, in mature companies they significantly expand the understanding of the business
model, adding management intentions to its attributes, based on balancing the interests of different
groups of stakeholders and the coherent and coordinated use of assumptions of the Value-Based
Management and Corporate Social Responsibility concepts, leading to the creation of the Sustainable
Business Model. Business models examined by means of the criterion of the life cycle change due
to the growing needs of stakeholders over time. As these needs and expectations are the greatest in
the case of mature companies, it is therefore justifiable to create a category of a business model based
on sustainability. The methodological objectives of the paper are based on the theory of a systems
approach by L. von Bertalanffy [4], K.E. Boulding [5], R.L. Ackoff [6] and the approach of Resource
Based View, Rumelt [7], E. T. Penrose [8], ]. Barney [9-11], R. Amit, P., M. A. Peteraf [12], B. Wernerfelt
1984 [13], M. ]. Dollinger [14], C. K. Prahalad and G. Hamel [15] (p. 81). The systems approach and
resource-based view are suitable for the assessment of business models and company management in
terms of the life cycle, as they take into account the pooling of resources in a relatively firm and unified
whole. The business model is a system consisting of the fitting configuration of resources appropriate
for a given situation.

This paper is structured as follows. After discussing the sustainability concept as a new way
of understanding business sustainability (Section 2), business models are discussed in terms of the
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life cycle (Section 3). The literature on issues related to the life cycle and its reference to the concept
of business models has been reviewed. Section 4 deals with the design of business models at the
early stage of development, while Section 5 presents the design of business models at the maturity
stage of development. These approaches to designing business models are slightly different as are the
assumptions on which they are based. The research methodology is presented in Section 6, as well
as the scope of research, research subjects, and hypotheses for both companies at the early stage
of development and mature companies. The research findings are presented in Sections 7 and 8.
The discussion is presented in Section 9. The conclusion in Section 10 summarizes the core findings of
the paper and the core results of the analysis.

2. A Sustainable Business Model as a New Way of Ensuring Business Sustainability

The core premise underlying the concept of sustainability is related to the philosophy of the
Triple Bottom Line [16] which increases the chances of survival in various conditions. Business model
sustainability is now one of the key determinants of doing business. T. Dyllick and K. Muff define
the evolution of sustainability according to three levels of Business Sustainability, the development of
which is presented in Figure 1.

BUSINESS SUSTAINABILITY Concerns Value Created Organizational
TYPOLOGY perspective
(What)? (What for)? (How)?
Business-as-usual
Economic concern Shareholder value Inside-out
Business Sustainability 1.0:
Refined Shareholder Value ee-dimensiona Shareholder value Inside-out
.
Business Sustainability 2.0: Three-dimensional
Triple Bottom Line concerns ple botto Inside-out
Business Sustainability 3.0: Starting with Creating value for the
True Business Sustainability sustainability common good 0 d
challenges
The key shifts involved 1% shift: 2" shift: 3" shift: changing the
broadening the expanding the value perspective
business concem created

Figure 1. Business Sustainability: Typology with key characteristics and changes [17].

Figure 1 shows the evolution of the business sustainability concept, assuming that the formula
of “Business Sustainability 3.0” is currently being developed, where the idea is action based on value
creation by supplying goods and the organization’s openness to the external environment. Different
models, approaches and concepts presented in the literature make the concept of sustainability
ambiguous and difficult to interpret. On the one hand, it mentions ensuring business sustainability,
and on the other hand, a multidimensional look at the organization considering the interests of various
groups of stakeholders. W. Stubbs and C. Cocklin express the view that, in relation to sustainable
enterprise, the company should aim to generate income. Profits are used to pursue sustainable goals,
as well as the mission and vision based on achieving social and economic objectives and financial
performance [18].

S. Schaltegger and R. Burritt highlight the ambiguous impact of social and environmental attitudes
on a company’s financial performance, giving examples in which such attitudes have no effect on the
economic success of the company [19].

40



Sustainability 2016, 8, 430

T. Dyllick and K. Hockerts present a model based on the concept of corporate sustainability
(balancing and integrating the company’s activities) mapped in the form of a triangle. In the three
corners of the triangle the focus is, respectively, on the business case, natural case and societal case [20].
W. McDonough and M. Braungart present the model of corporate sustainability in the form of a fractal
triangle with ecology-ecology, equity-equity and economy-economy in its corners [21].

F. Boons and F. Liideke-Freund focus on linking the sustainability concept with innovation.
In their opinion, the sustained success of an organization depends on innovation. Rules determining
the functioning of a sustainable business model should be based on creating technological innovation
that can create new markets after being commercialized [22].

The relationship between the concept of CSR (Corporate Social Responsibility) and financial
management is highlighted by Archie B. Carroll and Kareem M. Shabana, who believe that
generally, based on the review of practical business examples, CSR has a positive effect on company
performance [23].

S. Schaltegger and R. Burritt show that applying the principles of corporate social responsibility
and sustainability management uses the same assumptions, based on the integration of social, economic
and environmental aspects [24].

Frank Boons, Carlos Montalvo, Jaco Quist, Marcus Wagner believe that sustainable business
models should be supported by government agencies through appropriate policies. Companies
and government should work together to create innovations implemented in sustainable business
models [25].

A business case for sustainability according to S. Schaltegger, F. Liideke-Freund and E.G. Hansen
is the interpretation which indicates that the key aspect differentiating classic business solutions
between cases based on sustainability is a primary objective and incorporating smart solutions based
on environmental and social factors affecting the economic success of the company into the business
model [26]. ].G. York defines three conditions that guide the investors when they invest in sustainable
business, namely the required increase in ROIC (Return on Invested Capital), the minimum value of the
WACC (Weighted Average Cost of Capital) and an increase in the availability of capital. This approach
is cost-effective and usable for startups [27].

S. Schaltegger, E. Hansen, and F. Liideke-Freund define a business model for sustainability as
one which helps in describing, analyzing, managing, and communicating (i) a company’s sustainable
value proposition to its customers, and all other stakeholders; (ii) how it creates and delivers this
value; (iii) and how it captures economic value while maintaining or regenerating natural, social, and
economic capital beyond its organizational boundaries [28].

Nikolay Dentchev, Rupert Baumgartner, Hans Dieleman, Lara Johannsdottir, Jan Jonker,
Timo Nyberg, Romana Rauter, Michele Rosano, Yulia Snihur, Xingfu Tang, and Bart van Hoof solicit
inputs on the variety of organizational settings which support the implementation of sustainable
business models.

- Do organizational and legal structures matter for the development of sustainable business models?
If so, how does that help or hinder utilization of the new models?

—  What are the drivers for profit-dominated organizations to engage in implementing sustainable
business models?

- How does intrapreneurship impact the implementation of sustainable business models
in multinationals?

—  What is the role of the service sector in implementing sustainable business models, in addition to
manufacturing or other types of industries?

—  Are there conflicts of co-existence among multinational companies which are using sustainable
and conventional business models?

—  What are the dynamics of sustainable business model implementation in non-profit organizations
and government-controlled organizations [29]?
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N.M.P. Bocken, S.W. Short, P. Rana, and S. Evans believe that business model innovations for
sustainability stand out from other concepts due to the fact that innovations based on reducing the
adverse effects on the environment make it possible to effectively capture value from the market and
increase the economic value of the company. At the same time, the product offer also changes [30].

Each approach indicates how interdisciplinary a sustainable business model concept is and how
many interpretations it has. It is interesting to examine a sustainable business model from the point of
view of the life cycle.

3. The Life Cycle of Business Models

The relevant literature proposes various definitions of business models. This concept is interpreted
from different points of view. For example, according to R. Amit and C. Zott, “A business model
describes the structure of transaction governance designed in such a way that value is created and all
business opportunities are taken advantage of” [31] (p. 511).

The definition by R. Casadesus-Masanell and J.E. Ricart is based on identifying business logic in
the context of creating value for stakeholders [32] (p. 196).

As far as preserving the continuity of the business in the long term is concerned, the definition
of the business model was presented by B. Demil and X. Lecocq, who say that “a business model
defines how the organization operates to ensure its stability” [33] (p. 231). An interesting definition
has been presented by B. Mahadevan, who says that a business model is the unique configuration
of three streams, namely a stream associated with customer service and cooperation with partners,
a revenue stream, and a logistical stream [34] (p. 59).

D.J. Teece bases his definition on converting payments into profits [1] (p. 173).

An approach to business models based on the concept of innovation is presented by
H. Chesbrough, who claims, based on joint works with R. Rosenbloom, that it is crucial for a business
model to rely on assumptions resulting from presenting a value proposition, identifying market
segments, designing the structure of the value chain, looking at the means of generating revenue,
evaluating the cost structure, as well as describing the company’s position in the value network.
All this must be supported by an adequate competitive strategy [35] (p. 355).

E. Fielt highlights the description of business operation logic in terms of capturing value from the
market [36] (pp. 91-92).

There are many definitions and approaches to business models and there is still no consensus
on a universal definition. They are examined in terms of the essence of their definition, the use
and the configuration of components. The proposed definition of the business model concept is
interdisciplinary in its nature. They prove the broad extent to which the definitions of business models
are examined in relation to many areas and perspectives. Some authors focus their attention on the
strategic character of delivering value to a customer, others on the results such as profit, and still others
on social aspects. The definitions presented emphasize other factors that distinguish them from one
another. Undoubtedly, however, all of them focus on the logic of doing business, and thus on the
assumptions on which the company has based its business. The distinct characteristics of various
approaches to the issue discussed result from showing other features which can ensure the company’s
success. Life cycle is an important issue in terms of examining business models.

The issue of a company’s life cycle is generally widely recognized in the literature. Authors who
have contributed to the development of this issue include Chandler (1962) [37], Patton (1959) [38],
Levitt (1965) [39], Cox (1967) [40], Churchill and Lewis (1983), Greiner (1972) [41,42], Hofer (1975) [43],
Scott and Bruce (1987) [44], Quinn and Cameron (1983) [45], and Parnell and Carraher (2003) [46].
According to Levitt (1965) and Cox (1967), different strategies are adopted at different stages of the
product life cycle. Thietart and Vivas (1984) [47] argue that strategies depend not only on the stage of
the life cycle, but are affected by the company’s strategic logic. In addition, the success of the strategy
seems to be dependent on the sector and characteristics of the external environment.
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In terms of the examination of the life cycle of companies in the context of the organization, from
the point of view of business models, a cognitive gap can be observed in this area. To date, the issue
of the life cycle of companies in terms of business model attributes and increasing the value of the
company has not been widely discussed. The business model as an ontological being may also be
examined from the point of view of the life cycle.

The authors highlight the research gap in existing studies, e.g., on strategic factors and
interrelations, and derive their research questions. There is a significant research gap in management
sciences in the scope of business models in the context of the life cycle, particularly in relation to the
companies listed on the stock exchange applying the principles of sustainability.

As regards research into the life cycle of business models, D.R.A. Schallmo and L. Brecht show the
relationship between the length of the life cycle and the application of corporate social responsibility
principles, which, in a sense, is linked with the concept of sustainability. The authors suggest that the
application of corporate social responsibility principles contributes to business model sustainability.
These principles lengthen the life cycle of the business model [48].

Further research was done by M. de Reuver, H. Bouwman and I. MacInnes, who examined
which types of external factors are most important from the point of view of the business model life
cycle. They argue that, on the basis of 45 case studies from various sectors of the economy, the most
important drivers of business model dynamics are technological factors. This is particularly important
in the case of startups, where technological attributes should be supported by market needs, while for
large companies this relationship is less important. External factors must be taken into account when
designing the business model in various stages of development but also when modifying it [49].

As far as the business model at an early stage of development is concerned, some characteristics
can be observed. A business model at an early stage of its development is shaped in the context of
applying the effective configuration of components that constitute it, and which are conducive to the
creation of value. A business model should be supported by the attributes related to the quality of
the management team. This is particularly important as regards the quality of the management of
companies at an early stage of their development. B. M. Martins Rodriguez [50] (p. 129) identifies a
need to separate two key areas, namely the business model and the characteristics related to the top
management team. A startup can succeed only if managers have high competencies and operational
capabilities in terms of creating value.

A business model goes through the distinct stages of the idea, development and commercialization.
Its shape is different from what it will be in the future, when, in order to maintain continuity of business,
a company will need to use different methods and management concepts appropriate to the level
of organizational development. The companies that are at an early stage of development and their
business models should be geared to survival. However, the planning horizon in these companies is
shorter due to a number of uncertainties. Young companies focus mainly on finding a viable, scalable
and effective business model, which will allow the company to capture market value. Changes in such
models as regards the company’s configuration can happen very quickly—companies modify their
business models throughout the life cycle. Survival is a goal for both young and mature companies, at
which point stakeholders will play a greater role, expecting the distribution of the value produced.
The final form of the business model will be based on balancing various areas of activity in the form
of constructive comparison, which may be referred to as a sustainable business model. The concept
of sustainability is understood as durability; sustainability is a relatively new concept not yet fully
explored. W. M. Grudzewski, LK. Hejduk, A. Sankowska, and M. Wantuchowicz define sustainability
as the company’s ability to continuously learn, adapt and develop, revitalize, reconstruct and reorient
to maintain a lasting and distinctive position in the market by offering buyers above-average value
today and in the future (consistent with the paradigm of innovative growth) through organic variation
constituting business models, and arising from the creation of new opportunities, objectives and
responses to them, while balancing the interests of different groups [51] (p. 27). C. Kidd believes that
the concept of sustainability derives from a broader look at this issue, in relation to balancing the
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influence of various political, social and scientific groups in time [52]. This means that there is a close
correlation between the stability of the business and sustainable stakeholder relationship management.
G. Svenson, G. Wood, and M. Callaghan also argue that a fundamental aspect of sustainability occurs
when company expectations and ideas of the market and society affect the prevailing opinions of what
can and cannot be done in sustainable business practice. In turn, stakeholders and their expectations
help to answer this question [53] (p. 338). Relationships with stakeholders determine the shape and
nature of the principles of sustainability in business. An interesting sustainable business model based
on an original SMART concept (sustainability modeling and reporting system) has been developed by
M. Daud Ahmed and D. Sundaram [54] (pp. 611-624). In this model, they defined the sustainability
roadmap (sustainable business transformation roadmap) in which the key elements consist of design,
transformation, monitoring and control, discovery, science and strategy. M. Yunus, B. Moingeon, and
L. Lehmann-Ortega define the concept of a social business model, which can also be a sustainable
business model, and have developed the foundations of building a social business model consisting
of two areas also common to innovative models and areas specific to social models. They show
similarities with conventional and innovative business models which include:

- the challenges of conventional knowledge and basic assumptions,
-  the discovery of complementary business partners,
- undertakings in improving process experiments.

As regards the specific assumptions relevant to social business models, they show features such as:

—  Encouraging social orientation in terms of profit for shareholders,
—  Clear, specific objectives for profit for society.

The approaches presented show the essence of the sustainability concept and direct its attention
to the continuous ability of the company to remain in the market when the condition of this goal is to
have an effective business model at every stage of the life cycle. It should be largely oriented to social
objectives without losing the features of a company focused on generating profit. The time taken from
the stage of business model development to the achievement of a state characterized by features of a
sustainable business model will depend on the particular character of the company, the sector which it
operates in, and market volatility. Based on observations of the phenomena occurring in the economy,
it can be said that this time grows ever shorter. The ability to understand the cycle designed in such a
way allows managers to quickly detect weaknesses in the business model and adjust its configuration
to ensure the constant ability to create value, at the beginning mostly only for shareholders, and later
also for other stakeholders by adapting it to the expected value. It is possible that, at the initial stage of
company development, a business model that has the features of a sustainable business model is built.
However, it rarely happens in a free market economy. In its initial stage of development, the company
focuses primarily on investing and multiplying profits for further expansion and development. At a
later stage of development, the company can share what was gained in previous years. Figure 2 shows
the change in the business model in the life cycle of the company. A business model at an early stage
of development will be characterized by features other than a business model in its maturity stage of
development. To ensure their usefulness and verify their effectiveness, different management methods
and techniques will be used.
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Figure 2. Change in the business model in the company life cycle [55].

Analyzing the approaches to and definitions of business models described in the literature,
the authors adopt the approach by Ch. Zott and R. Amit in their reflections on further research.
Their proposal is based on the fact that a business model is a package of specific actions performed
in order to meet the needs of the market, in particular involving partnerships centered on the focal
company and its partners [56]. The proposed approach requires a focus on how the business is
conducted, on how value is created for all business participants and on identifying partners that can
assist in performing actions important from the point of view of the business model. It is a holistic
approach [57]. After analyzing the literature, the definition of a sustainable business model in the
life cycle has been presented. A business model evolves during the life cycle of the company. In the
authors’ opinion, a sustainable business model in the life cycle is a business model that is capable of
evolution throughout the life cycle, assuming an incremental increase in the value of the company
when the principles of Corporate Social Responsibility and Value-Based Management are adhered to.

4. The Design of Business Models at the Early Stage of Development

Companies are increasingly competing not only on products and/or services, their quality or
price, but on business models as well. A company with a profitable business model achieves higher
market capitalization, is attractive to investors and stakeholders, and consequently has more market
opportunities. Company value depends on the attractiveness of its business model and the skills
to introduce dynamic changes therein, resulting from the needs of the environment. The proposed
approach to the design of strategies and business models aimed at creating value is related to the
configuration of the business model. This means a set of business model components that shape
its whole, characterizing the essence of this model. The word “configuration” is used as business
models can be altered by modifying their components, and even in some cases totally reconfigured.
In this approach, the ontological essence is not so much the business model as this configuration.
Dynamics of a business model means its ability to change, which leads to a higher company value
than before the change, by using a different configuration of business model components. Issues
pertaining to the level of technology, processes and strategies should be included in a measuring
system used to monitor the process of creating value. Designing business models requires the ability

45



Sustainability 2016, 8, 430

to respond to any signals forecasting changes in the external and internal environment of the company;
managers not taking them into consideration in the decision-making process can lead to economic
losses. The business model constantly reacts to corporate strategy. The concept of strategy geometry
developed by R.W. Keidal fulfills these expectations, making a clear distinction between elements of
the complexity of formulating strategies in the context of the factors that influence them [58] (p. 6).
Changing the business model can be natural (resulting from the company’s flexibility in adapting to
changes in its environment—a company changes when the business environment changes) or forced.
Forced changes are often restructuring in their nature [59] (p. 36). This approach to management
processes requires the implementation of a results-oriented organizational culture. Therefore, in the
process of modifying business models quickly, it is essential to implement the concept of Strategic
Performance Management. The assumptions of the concept have been presented by A. de Waal, who
says that this is a process that requires company managers to regularly verify the mission, strategy and
goals. As a result, these goals are measurable using key success factors and performance indicators to
maintain the determined direction of the company’s operations [60] (p. 19).

A dynamic aspect of business models exposes processes and value chains, but it also significantly
affects the shape of organizational structures. The proposed approach should serve to quickly move
from one model to another using a different business model configuration. One of the assumptions is
considering business models from the perspective of seeking an effective configuration of the company
strategic structure to identify such components of the business model that are crucial in the process of
the creation of company value. Treating the concepts of business models, especially in the area of their
configuration, jointly with the concept of value creation appears to be an important subject today, but
one which is not fully recognized as yet, especially in the area of companies classified as innovative.

5. Design of Business Models at the Maturity Stage of Development

The dynamically changing global economy in the era of the intensive development of globalization
creates new needs, both in theoretical management models as well as in practical discussions related
to the perception of business. This is particularly important in the current economic and moral crisis,
the effects of which are visible in most developed countries. It is important to find and/or use the
existing management paradigms, the examination and codification of which will provide a platform
for the development and growth of companies. By observing and analyzing business trends and the
behavior of companies for the past few years, it can be concluded that many business orientations
and concepts, whose roots and method of evaluation are often radically different, lead to similar
business results. This has happened to the concepts of Value-Based Management, Corporate Social
Responsibility, Shareholders, Stakeholders as well as Sustainable Business, and was significantly
influenced by the globalized nature of world economies, which resulted in the creation of values on
the basis of which corporate business models were built. The strategic behavior of companies and
their intercultural exchange led to the creation of new sources and platforms for building competitive
advantage, and consequently a stable source for building long-term value. The principles of sustainable
development are increasingly appreciated, including in the United States. Transferred to the micro
level in terms of the competitiveness of the company, its strategy and by following the principles of
corporate social responsibility amid the global economic crisis, they resulted in the creation of a new
management concept, namely Sustainability. This can be regarded as Sustainable Development aiming
to simultaneously adhere to the principles of ethics, ecology and economy, and may also be understood
as the ability of the company to manage quickly and flexibly, focusing on objectives and enabling
the implementation of the company mission and vision, taking into account the establishment of
competitive advantage on the market. This can be achieved by creating new products and/or services
and implementing modern management methods and concepts, the source of which is scientific
research and solutions to business practices. Sustainable business is business conducted when concepts
of value-based management and corporate social responsibility are used in a systemic way, providing
value for company stakeholders.
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Sustainable business at all levels of management, which includes all of the factors and functions
therein, ensures business continuity as well as the power to create value in the long term, and
enables a sustainable dividend payout to shareholders and the generation of a social dividend to
other stakeholders of the company. The combination of these factors and functions will result in the
search for the most optimal business solutions. This can be done through the mutual, constructive
comparison of resources and factors influencing the ability to increase company value. Therefore, the
most important factor is to find such a balance that will ensure business continuity in the market, while
achieving business results which guarantee the long-term value of the company. The balance ensuring
the implementation of the sustainable business concept may result from building a sustainable business
model connected with the principles of VBM (Value Based Management), CSR and the concepts of
Stakeholders, Shareholders and Sustainable Business. This may lead to the continuity of the business
in the volatile conditions of the market environment.

Therefore, considering the theoretical and practical dimensions of the above issues, it is important
to answer the question, which as yet has not been fully answered in the literature: Which strategic
factors and their interrelations in the adopted business models have the greatest impact on the
long-term building of a socially responsible company? What should the design of such a business
model be?

A premise which says that the subject is important, difficult and requires extended research and
scientific discussions is that companies want to build long-term value, to operate successfully in the
market, to ensure the continuity of the business, to renew (reconstruct, adapt) their business models,
and finally to win. However, they are constantly looking for the optimal ways and mechanisms
allowing them to do it effectively and efficiently. At the same time, signals from the market, economic
impulses, the economic crisis, chaos in the market, public disappointment with the place and role of
companies in the economy, and examples of business collapses all hinder the selection of the most
appropriate way to manage companies.

Moving away from certain management concepts, changes in values, the occurrence of the rapid
flow of not only capital but also information and knowledge and access thereto, changes in perceiving
the nature of the business, and its place in the global ecosystem also resulted in a new dimension in
using the strength of management sciences in global business.

According to the authors, new dimensions of business are responsible management, sustainable
management, socially acceptable management and efficient and effective management. Such an effect
can be obtained by applying sustainability principles in a socially responsible manner.

A socially responsible company is a company whose business model, in increasing its value, is
built on the basis of strategic factors associated with corporate social responsibility and the principles
of value-based management, while determining wise organizational behavior in the company, and
wise market behavior towards company stakeholders, which are based on the principles of integrity,
ethics and professionalism.

Strategic factors related to corporate social responsibility and value-based management are
the factors associated with the functioning and behavior of the organization towards the external
and internal environment, where an appropriate combination leads to sustainable value in terms of
long-term operation on the market.

As a consequence of this approach, a holistic sustainable business model is created, reduced
in its nature, becoming a platform for creating long-term, sustainable value for a socially
responsible company.

A company that is responsible, to a limited extent, is a company that applies the principles
of corporate social responsibility only sometimes, when it is clearly profitable. It adheres to these
principles not on a voluntary basis, according to the organizational culture of the company, but in a
forced way.

A socially irresponsible company is a company that—in its business activities—does not obey the
principles of corporate social responsibility by, inter alia, failing to abide by applicable legal and other
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conditions, by organizational behaviors indicating discrimination, bullying, intimidation, and other
pathological behavior towards staff and other company stakeholders (including suppliers, co-operators
and others) and by treating the company and company personnel only as a tool for making profit.
In view of the above discussions, it can be assumed that the main components of a sustainable business
model built in the subject-object system are strategic factors related to:

1. A combined implementation of the concepts of corporate social responsibility and
value-based management.

2. Balancing the potential of the company.

3. Combining the stakeholder concept and the shareholder concept, which are also strongly related
to the concepts of corporate social responsibility (stakeholders) and value-based management
(shareholders).

4. A sustainable dividend policy.

A holistic model of sustainable business creating company value in the long term can be built on
the basis of the following driving forces that give it the proper dynamics.

Strength of conscious application of corporate social responsibility principles.

Strength of economic sustainability of the company.

Strength of conscious application of corporate governance principles.

Strength of stakeholder value and the dynamics of their migration processes.

Strength of the consensual relationship: company’s board, shareholders, stakeholders.

Strength of implementing a sustainable strategy based on the principles of a balanced scorecard.
Strength of balancing intellectual capital of the company.

Strength of balancing fixed assets of the company.

0 X NG LD

Strength of balancing internal processes of the company.

—
o

Strength of the management style based on the logic of conscious decision-making [3] (p. 249).

6. Methodology of Research

As a research instrument, one basic method has been used, i.e., analysis of the literature concerning
the life cycle of business models from startup to mature company. The authors present the problem of
creating the framework of business models in their life cycle. The level of sustainability depends on the
stage of company development. For this purpose, the authors have used literature research, a sustained
approach to shaping the attributes of business models, the features of companies at an early stage of
development and mature companies, as well as the principles for building a sustainable business model
at different stages of company development. The authors have adopted an interpretative approach
as the methodology of scientific research, based on the literature and a systematic retrospective
assessment of the business models of companies in the course of conducting their own business activity
and during their consulting practice. As regards the companies at the early stage of development,
the issue of which business model components are responsible for increasing shareholder value
to the greatest extent is also important. They should, therefore, be a driver of adjusting business
models, and changes aimed at building company value should focus on them. The scope of the
issue presented in the paper represents an attempt to link the findings of the research in the context
of the business life cycle criterion, namely at an early stage of company development, and at the
maturity stage. Therefore, if we add the two scopes of research, quantitative research was conducted
on a sample of 220 companies listed on the Polish Stock Exchange in Warsaw (48 New Connect
companies, 44 Index WIG20, WIG40, WIGdiv, Respect Index, New Connect Lead companies and
128 companies taking part in the "Environmentally Friendly Company" national ecology competition).
Qualitative research was conducted on a sample of 384 companies from the New Connect market and
10 selected companies taking part in the “Environmentally Friendly Company” national competition.
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The research concentrated on the issue of shaping the business models of companies operating on
the New Connect alternative trading system, organized by the Warsaw Stock Exchange, aiming to
increase their value; its objective was to design the so-called sustainable business model of mature
companies that build value over the long term and that operate on the Stock Exchange, in the following
indexes: WIG20, WIG40, WIGdiv, Respect Index, New Connect Lead and companies participating
in the "Environmentally Friendly Company" national ecology competition. To study companies at
the early stage of development, the component approach by S.M. Shafer, H.I, Smith, I.C. Lander [61]
(p- 202) and work by M. Jabtonski [62] (p. 39—-47) were applied to shape the configuration of the
business model. As far as the assumptions of the Value-Based Management concept are concerned,
works by A. Rappaport [63] and T. Copelland, T. Koller and J. Murrin [64] were used. To study the
business models of mature companies, the approach of combining VBM and CSR concepts promoted
by J.D. Martin, J.W. Petty, ].S. Wallace [65] and work by A. Jabtoriski [66] were used. The combination
of these assumptions resulted in a coherent approach to examining business models from the point of
view of the life cycle criterion. Business models change over time due to the influence of internal and
external factors. In the relevant literature, the issue of business model changeability during the life
cycle of the company has been studied broadly. Also, no extensive analyses have been conducted on
transforming business models from the idea of building a business model configuration conducive to
the creation of value, achieving scalability of the business model to obtaining the strategic balance of a
holistic nature in relation to different areas.

The comparative table below shows the characteristics of a business model at the early stage of
development and a sustainable business model. (see Table 1).

Table 1. Characteristics of a business model at an early stage of development and a sustainable
business model.

Description of the Characteristic
of a Business Model at an Early
Stage of Development

Description of the Characteristic

Business Model Characteristic of a Sustainable Business Model

Focus on shareholders and

Recipients of a business model

Focus primarily on shareholders

other stakeholders
Business perspective Short-term Long-term
The stage of the application of
management methods Initial Advanced
and concepts
Business model dynamics Very high Stable
Organizational culture Changing significantly Stable
Innovation Very big Stable
Access to capital Difficult Relatively easy
Possibility of bankruptcy High Low

The study process and its scope are presented in Figure 3.

The life cycle of a business model is graphically depicted. During initiation and growth, business
models of the companies at an early stage of development, listed on the New Connect alternative
Warsaw Stock Exchange market, were examined. The maturity stage was examined as regards the
companies with a strong market position in WIG20, WIG40, WIGdiv, and the Respect Index indexes.
For both research areas, i.e., the early and mature stages of development, research hypotheses were
formulated regarding the impact of various factors on building company value through developing
business models. Research findings for both stages of company activity are presented below in
Sections 7 and 8.
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Figure 3. The structure and scope of the study.

7. The Findings of the Research on Business Models at an Early Stage of Development

Reviewing the trends in the Polish economy, the authors concluded that the most appropriate
place where people use the idea of the business model is the Warsaw Stock Exchange. The New
Connect alternative trading market is significant in the process of designing business models that
create value in the initial stages of company development. The market has been operating in Poland
since 30 August 2007, and commenced operations in a relatively difficult and deteriorating external
environment. Despite the adverse conditions, the growth rate of IPOs (Initial Public Offerings) and the
financing of their development was very high, through the market of both private and public offers
prior to entry onto the New Connect market and thereafter [67] (p. 5). For the first few years of its
operation, the market has produced satisfactory results. The measures of this are that of more than
400 companies listed on New Connect, about 20 companies have moved to the main market since the
index was created; issuers in the alternative market have the choice of nearly 100 authorized advisers;
the capitalization of all companies listed on New Connect is PLN 9.024 billion; investors may earn
as much as 1875% on debut; the record drop in the share value of New Connect-listed companies
to date is 99%; and there are three segments of issuers, namely ASO-NCLEAD, the best companies,
NC HLR, companies with low liquidity, and NC SHLR, high-risk companies [68] (p. 37). Analyzing
the data, it is possible to surmise that New Connect creates research conditions which facilitate a
better understanding of the configuration of business models of Polish companies conducive to value
creation. An examination of the business models of companies listed on New Connect in the context of
the company value criterion is interesting, as such comprehensive studies have not been conducted to
date. No recommendations on the development of these business models have been formulated, either.

It can be assumed that the configuration of business models determines their efficiency, and that
skillful and rational management multiplies the wealth of investors. Managers of companies listed on
New Connect should be aware of the strength of their business models on the path to the creation of
value. They should also know the factors determining their design, modification and adjustment aimed
at continually multiplying value for shareholders and the company, and should understand the rules
affecting the ability to effectively manage business models. A business model is a kind of system which
is composed of many elements, a proper configuration of which should facilitate the achievement of
the ultimate goal, which is an increase in company value. The originally set goal has been expanded
and new objectives have emerged during preliminary research, namely identifying the methods and
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tools used by the company in terms of monitoring the value creation process, the degree to which the
company is results-oriented and the objective of building systems of value-based management.

The main purpose of the research was to assess the development of business models of Polish
companies conducive to the creation of their value. In order to verify this relationship, it was necessary
to formulate the following partial hypotheses:

The research sample was companies listed on New Connect at the time of conducting the
research (desk research: 384 companies on New Connect), quantitative research (a research sample
of 48 companies on New Connect) and qualitative research (12 companies selected from among
the 384 companies listed on New Connect on 24 May 2012 which met the criteria of representative
companies). Two case studies were developed. Research was conducted from November 2011 to May
2012, and research triangulation was applied. In terms of desk research, 384 companies listed on New
Connect were studied. The research model adopted ensured the diversity of the research sample in
terms of geography and the type of business. Furthermore, it ensured diversity among the business
models used. Analysis was conducted based on public documents:

—  the information document from the debut on New Connect,
—  financial statements,
—  financial analyses carried out by brokerage houses, investment houses and banks.

The analysis included an assessment of changes in the quotations of companies on the market.
The companies were evaluated on the day of their debut, after 52 weeks of the floating date (if time of
operation on the market was less than 52 weeks, its total operating time on New Connect was taken
into account), and on the day the research was conducted. Within the framework of the quantitative
research, the sample was selected in such a way that the objectives could be achieved. The companies
surveyed were capital companies, mainly small- or medium-sized. Analyzing the territorial scope of
activities of the surveyed companies, it should be noted that half of them operate on the international
market, 37.5% operate on a national scale, while 12.5% only operate regionally. None of the companies
operate only locally, which indicates the high potential and innovative character of their product
offer. Therefore, the products and services they offer find both a national and international audience.
As part of the qualitative analysis of business models, companies that achieved a positive return at
the end of 2011 were selected (their rate of return at the end of the period was positive); moreover,
the degree to which they fulfilled forecasts specified in the information document was not less than
90%. This criterion was adopted in order to select, out of all companies listed on New Connect, those
companies that were the best in terms of the scope of value creation for investors and, at the same time,
which demonstrated their effectiveness compared to their forecasts. A representative sample obtained
in this way was used to prepare business models that were favorable to value creation. At the end of
2011, 338 companies in total were listed on the New Connect alternative market. During the period
from 1 January 2011 to 31 December 2011, only 64 entities achieved a positive return at the end of the
period. These companies accounted for only 18.9% of all listed companies. An additional criterion
used in the analysis was the price-to-earnings (P/E) ratio and the price-to-book value (P/BV) ratio.
The criterion for accepting companies for the research project was the requirement of positive values
for both ratios. This additional criterion was fulfilled by 36 companies, accounting for 10.6% of all
listed companies at the end of 2011. In particular, the assessment of indicators of the degree to which
the net profit assumed in financial forecasts had been achieved was adopted. The indicators were
compared with the annual updated rates of return. It was also assumed that the company should have
been listed on New Connect for not less than six months—which means that its debut on New Connect
was before 1 June 2011. In the original version of the concept of qualitative research on business
models, it was assumed that the company should have been listed not less than 12 months prior (i.e.,
its debut was before 1 January 2011). However, after preparing a sample meeting the proposed criteria,
it turned out that only 14 companies fulfilled the criteria. It was agreed that this number was too small
to conduct research reliably. Therefore, a decision was taken to accept companies with a shorter period
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of operation on New Connect. Presence on New Connect, which is characterized by very dynamic
changes, for a period of six months, and maintaining investor confidence during this time (expressed
in a positive rate of return), can provide a platform for formulating reliable conclusions in terms of
the business model configuration, conducive to the process of company value creation. Out of all the
companies listed on New Connect, 32 companies (accounting for 9.5% of all the listed companies at
the end of 2011) fulfilled all the criteria to be accepted for analysis.

When the percentage share of these companies on New Connect at the end of 2011 was compared
to the percentage share of companies examined in the NC Index (NewConnect Index), the total share
of 32 companies in the NC Index was obtained, which amounted to 16.9%. The value of the percentage
share in the NC Index was almost twice the percentage share in total. This means that the capitalization
of New Connect companies meeting the criteria was above average. A total of 12 companies were
selected for the qualitative analysis of business models, which accounts for 3.1% of all the companies
listed on New Connect at the end of 2011. In order to assess the accuracy of the research sampling, the
percentage share of those companies on the New Connect market at the end of 2011 was compared to
the percentage share of the NC Index companies. In this way, the quantitative share was compared
with the capitalization of companies. The total share of these 12 companies in the NC Index was
6.05%, and the value of the percentage share in the NC Index was almost twice the percentage share
of the total. This means that the capitalization of New Connect companies meeting the criteria was
above average. Being aware of the limitations resulting from the number of companies approved, they
were accepted in terms of conducting the research. All 12 companies selected for qualitative research
met the criterion of the degree of at least 90% net profit achieved when compared to that assumed in
the financial forecasts (the level of 90% was established based on accepting 10% divergence from the
expected result). Two examples were selected for the case study analysis: in the first one, an increase
in company value was observed and the business model was not changed, and in the second, financial
forecasts were not fulfilled and the business model had to be modified (strong pressure from investors
and the Warsaw Stock Exchange Board), which resulted in the company changing its configuration
and a significant increase in the share price.

There is no doubt that the business model of a company at an early stage of development is
characterized by attributes other than a mature business model. Every company goes through different
stages of development, which may change due to the specific nature of the business models. The stages
may be as follows: conception, development, commercialization, consolidation, and maturity. At the
initial stage of company operation are conception, development and commercialization. A business
model should be designed in such a way that, at the expected stage of achievements, a unique
combination of resources focuses on the value chain. It is also favorable to take an appropriate position
in the value network in order to capture value. Moving from one priority to another in order to
create value characterizes the dynamics of the business model. Managers’ knowledge of the business
model structure and ability to adapt it skillfully develops the ability to create value [2] (pp. 411-412).
The configuration of the business model at the initial stage of company development is based on the
basic attributes and is supported with management methods and techniques focused on the concept of
project management. The simplicity of the business model should be its strength as, when combined
with a unique configuration of attributes, it can lead to a company gaining competitive advantage,
which can thus create value for shareholders. The research and analysis conducted allowed us to
prove the main hypothesis: Company value is created by shaping the configuration of the business
model components. All the hypotheses presented in Figure 3 are true. Figure 4 shows the results of
research on shaping the business models conducive to the creation of value for companies in the early
stages of development (companies listed on New Connect). The numerical values indicate the strength
of the correlation between different components and value creation (or destruction). The proposed
configuration of the business model components shown in Figure 3 is the result of extensive literature
research related to identifying individual components constituting the structure for describing a business
model. The final number of components is a result of the reduction of the components that, based
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on preliminary research, were not considered by respondents to have an impact on the creation of
company value. The research findings indicate the components of the business model configuration that
are of significance to the process of value creation for shareholders. The most important components
include: customer relationships, value proposals for customers and brands, configuration of unique
resources, quality of supplier products, and configuration of the value chain. These components of the
business model configuration of companies at an early stage of development should be thoroughly
evaluated and strengthened in order to increase the value of these companies. The stronger the correlation
between the creation of value and the business model component, the bigger the effect on the increasing
value. In addition, product and business model innovation increases the chances of creating value for
shareholders. Companies whose business models are characterized by higher rates of innovation have a
higher price-to-earnings ratio (P/E) and price-to-book value ratio (P/BV). The price-to-book value ratio
shows the attractiveness of the business model used, meaning that the company has a business model
with the potential for value creation. Companies that build dynamic measurement systems based on
the defined key business model components control the company better in order to increase its value.
Defined business model components determine the design of the indicators for monitoring company
value. Companies that are characterized by the ability to obtain their net income forecasts achieve
increased levels of P/E and P/BV as well as higher annual rates of return.
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Figure 4. Relationship between a business model and the creation of value (in terms of value for
investors)—correlation results [2].

In order to rate the relationship between a business model (described by means of business model
innovation and product innovation) and the value of a P/E ratio and to rate the shape and strength
between these characteristics, a statistical correlation was calculated.

Figure 4 shows the correlation results. In order to determine whether there is a correlation
between a business model and a P/E ratio and, if so, how strong it is, Pearson’s correlation coefficient
(an unloaded estimate of the correlation coefficient ry) has been applied; the coefficient measuring the
level of a linear relationship between the variables is Ixy = 0.86 for the variables tested.

The figure of 0.86 indicates that the correlation between a business model and a P/E ratio is
strong. In addition, the significance of the correlation was determined by calculating the value of
the function t for a correlation coefficient. The number of experimental points equals the number of
companies listed on New Connect; it is 24.05.2012 and 7 = 384. We accept the hypothesis H,, that there
is a correlation between a business model and a P/E ratio, and the alternative hypothesis Hj, that
there is no correlation between these characteristics. The value of the t-statistic, which has a Student’s
t distribution is t = 1.9. The level of significance is & = 0.05 (standard for the population). We calculate a
probability of p = 0.07. Since p > &, we accept the null hypothesis, and we reject the possible alternative
hypothesis—there is a correlation between the studied characteristics. (see Table 2).
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Table 2. Relationship between a business model and the creation of value (in terms of value for investors) [2].

Statistical Value Business Model/Value Creation
Pearson’s r 0.86
Coefficient of determination R2 0.7789
n 384

Figure 4 shows the data from the 384 companies listed on New Connect with a price-to-earnings
ratio and the ranking of the attractiveness of business models in terms of an innovation criterion.
It turns out that many companies have a high P/E ratio at a high ranking of the attractiveness of their
business model, while conversely, a low ranking in terms of the attractiveness of a business model
occurs in the case of many companies with a low or even negative P/E ratio. Therefore, it can be
concluded that a price/earnings ratio is a good measure of business model attractiveness and can, in
the long term, be used as an indicator thereof.

The result indicates that if we assume that a business model is effective when the degree of
financial targets for the future in relation to the pursued strategy is at least 90%, a strong correlation,
obtained as a result of research, between the extent to which the forecast net profit is achieved and an
updated annual rate of return proves the relationship between a business model and an increase in
value. It is possible to select such business models that enable the implementation of both forecasts
and the achievement of positive returns.

To rate the relationship between business model components and an increase in company value
(rated based on the answers chosen by managers in the survey), values of the mode, the median, and
the arithmetic mean were determined for the factors studied. (see Table 3)

Table 3. Impact of business model components on an increase in value [2].

The Most Significant Business Model Component Mode Median Arithmetic ~ Standard

Mean Deviation
the customer 5 5 4.2771 1.0215
value proposition for the customer 5 4 4.1023 0.9586
competitive strategy 5 4 4.0448 0.9753
position in the value network 4 4 4.0089 0.9981
logic of generating income 5 4 3.9213 1.0269
organization of internal suppliers and their key capabilities 4 4 3.5474 1.4077

All business model components were then analyzed in terms of the influence of individual
components from the subsystem on the business model (see Table 4). The following factors were rated:

- the customer,

- value proposition for the customer,

- logic of generating income,

—  organization of internal suppliers and their key capabilities,
—  competitive strategy,

—  position in the value network.

The value of the t-statistic, which has a Student’s t distribution, is t = 2.01. The level of significance
is « = 0.05 (standard for this population). We calculate the probability of p = 0.06. Since p > « we
accept the null hypothesis, and reject the alternative hypothesis—there is the correlation between the
studied criteria.
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Table 4. Impact of business model components on the creation of value [2].

Component Statistical Pearson Coefficients of Relationship
Significance « Determination R?

Customer 0.05 0.81 0.77 Very strong

Value proposition for the customer 0.05 0.84 0.66 Very strong
Logic of generating income 0.05 0.74 0.64 Strong
Organization of internal suppliers 0.05 0.69 0.71 Strong
Type of strategy pursued 0.05 0.72 0.71 Strong
Position in the value network 0.05 0.73 0.79 Strong

Configuration of the value chain 0.05 0.82 0.56 Very strong

The test for the significance of the correlation coefficient proves the relationship between the
studied criteria. The correlation is significant and strong, as indicated by the low probability coefficient.
Correlations are statistically significant (at the level of p < 0.1).

The most important stakeholders are located by their impact on the value of the company and

their importance for achieving long-term value.

By analogy, it is possible to adjust business models to market leaders (business model
benchmarking). (see Figure 5).
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Figure 5. The generalized shape of a business model using the statistical correlation between

components which ensure the creation of value for shareholders [2] (p. 337).
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By making dynamic changes in the configuration of the business model, it is possible to adjust it
to develop the ability to create value. The results have been analyzed based on this assumption.

Research and analysis conducted on business models of companies at an early stage of development
in the context of activity on the capital market have allowed us to draw the following conclusions:

(1) Referring to the review of the relevant literature on business models and value-based
management, a theoretical configuration of business models was developed. The results indicate
that a business model should be a unique form of resources focused on the value chain. It is
also favorable to take an appropriate position in the value network in order to capture value.
Moving from one priority to another in order to create value characterizes the dynamics of the
business model. Managers’ knowledge of the business model structure and its skillful adaptation
develops the ability to create value.

(2) Based on the research, the importance of the impact of individual components of the business
model on company value was determined. The results allowed us to build a business model
structure that indicates what the optimal configuration of the efficient and effective business
model should be like. The main components were identified, which include the value proposition
for the customer, the customer himself and the configuration of the value chain. The key
subsystems of these components were also specified, which indicate what configuration, from
among those proposed in the theoretical model, works best for managers, in the context of the
criterion of company value. These include: in the area of the customer, relationships; in the value
proposition for the customer, brand and innovation; in the area of revenue generation logic, the
configuration of unique resources; in the area of organization of internal suppliers, the quality
of provided services. The model presents the link between the components and their impact
on the configuration of the business model conducive to the creation of value. The structure of
a business model which is favorable to the creation of value should be consistent and should
include the above-mentioned priorities. It depends highly on the configuration of the value chain.

(8) The analysis of the correlation of the degree to which the financial forecasts of net profit described
in the annual information documents are fulfilled with the updated rates of return of companies
listed on New Connect showed a high correlation coefficient at 0.79. If we assume that the
efficiency of the business model is verified by the fulfillment of forecasts, the hypothesis that
there is a relationship between the business model and the value increase can be proved. Business
model configuration management aims to improve its effectiveness, including the fulfillment
of expected forecasts, favors the creation of value and is verified with the values of return rates.
Fulfilling forecasts, or failing to do so, significantly affects return rates.

(4) In order to assess the factors affecting the rate of company value growth, 23 factors were
determined, of which the factors that are most important to New Connect companies include:

(a)  relationships with customers,
(b)  afull understanding of customer needs,
(c)  the ability to create unique value for the customer which is not offered by competitors.

(5) Having analyzed a designed portfolio of business model innovation and product innovation,
it was concluded that as many as 63% of all companies listed on New Connect are characterized
neither by an innovative business model nor by innovative products, which significantly affects
the performance of these companies and, at the same time, their market value.

(6) Companies which were characterized by both innovative business models and innovative
products, recognized as models of this market, accounted for only 10% of the New Connect index.
If one looks at this phenomenon positively, in the future one in 10 companies on New Connect
may, through capital gained on New Connect, build the elite class of companies changing the
rules of the game in the sectors in which they operate.

(7) Comparing two extreme sets (the first characterized by an innovative business model and
innovative products—only 10% of the companies surveyed; the second, characterized by an

56



Sustainability 2016, 8, 430

unimaginative business model and products—63% of companies), the result is not promising.
It is necessary to verify either the potential of the business model component configuration of
these companies, or specify stricter criteria for floating on the New Connect market, which should
include elements of innovation.

(8) During further research on the issue of whether there is a relationship between the business
model and company value, it was concluded that there is a very strong correlation between the
business model evaluated according to the criteria of innovation and the price/earnings ratio, at
a figure of 0.86. The correlation between the degree to which financial forecasts of net profit are
fulfilled and the average updated annual rate of return is strong and stands at 0.79. The results
obtained give a strong message to theoreticians and practitioners of management that investment
in innovation and diligent work towards fulfilling financial forecasts translate into the strong
creation of value.

(9) There is strong pressure from investors and the board of the Warsaw Stock Exchange to ensure that
the forecasts published by the companies are reliable, as this significantly affects the modification
of business models used by these companies.

The results presented show that the principles of sustainability as regards the companies at an
early stage of development and with respect to incorporating them into the genotype of business
models of companies at an early stage of development are used inconsistently and only selectively.
The situation is different for mature companies where sustainability is regarded as a value driver.

8. Research Findings on Business Models at the Mature Stage of Development

In conducting research on sustainable business models, the main hypothesis and 11 auxiliary
hypotheses were proposed. The main hypothesis is that: the joint realization of the concepts of
corporate social responsibility and value-based management affects the balance of the company’s
potential and how (and whether) the needs of different groups of stakeholders are fulfilled, which, as a
result, translates into an increase in the long-term value of the company.

In the research conducted, in order to prove the proposed hypotheses, the principles of
triangulation were used. The methodological triangulation applied covered three types of research:
quantitative research, qualitative research and research based on the expert method.

The main objective of the research was to create a holistic sustainable business model contributing
to building the long-term value of a socially responsible company. The scope of the research
covered companies currently listed on the Warsaw Stock Exchange, on the following stock indexes:
WIG20, WIG40, WIGdiv, Respect Index, New Connect Lead and companies participating in the
“Environmentally Friendly Company” competition; 128 companies that adhered to the principles of
corporate social responsibility with a strong theme of environmental responsibility participated in the
first stage of the research, on the analysis of the results of the “Environmentally Friendly Company”
ecology competition. In the second phase, survey questionnaires were sent to 100 companies listed on
the Polish Stock Market Respect Index, WIG20, WIG40, WIGdiv and NewConnect Lead. In the first
part, the companies completed a self-assessment questionnaire and underwent a competition audit,
while in the second part, research surveys (questionnaires) were sent to the companies that voluntarily
self-assessed by completing the questionnaires. The return rate was 44%, which is a satisfactory result.
The research sample was selected so that it would fulfill the objectives included in the subject of
the paper. The selection of the Respect Index companies, which included companies operating in
accordance with best practices in information governance, corporate governance, investor relationships,
CSR policy, environmental management, personnel policy, and management systems, aimed to receive
answers from companies which consciously follow the principles of corporate social responsibility.
The Respect Index companies satisfy the strict requirements of corporate social responsibility, pursue
corporate responsibility strategies, or follow an orderly plan of action in terms of company social
responsibility /sustainable development. This strategy is created based on business objectives, taking
into account the key risks (specific and industry) and results from the need to examine the needs and

2
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expectations of significant stakeholder groups. It is pursued on the basis of the schedule adopted
and performance measures (results, benefits). The Respect Index is an index of socially responsible
companies in Central and Eastern Europe, which includes companies from the main market of the
Warsaw Stock Exchange in its portfolio and is one of the indicators that builds their credibility in
the eyes of investors. A key element of the business model of the Respect Index companies is an
increase in their value, taking into account the principles of corporate social responsibility and the
needs of stakeholders.

Questionnaires were also sent to the largest listed companies, that is WSE WIG20 and WIG40
companies, in order to examine these companies in terms of the application of corporate social
responsibility and value-based management principles. To fully supplement the sample so that it
met the criteria related to all hypotheses assumed, a survey questionnaire was also sent to WIGdiv
companies, which is the revenue index (dividends and subscription rights taken into account). WIGdiv
comprises the largest companies with high liquidity, which regularly pay dividends to shareholders.
The index also includes certain WIG20 companies. The selection of companies in the index was
determined by the specific character of these companies, namely that their business model is based on
generating profit and regularly paying dividends to shareholders, and focuses on observing the rules
of so-called sustainable dividends, which are consistent with the principles of sustainable business.
Due to the fact that there is an important correlation between the adopted company business model
and its stock index, companies of this index are also included in the research sample.

On the other hand, engagement in corporate social responsibility was also important in the selection
of companies. Research was also conducted on 128 companies participating in the Environmentally
Friendly Company ecology competition, which promoted the principles of environmental responsibility
and sustainable development by creating effective strategies built on ecological criteria.

The research was extended further with the qualitative analysis of 10 companies whose profiles
matched the companies from the area of quantitative research, i.e., Respect Index, WIG20, WIG40,
WIGdiv and New Connect Lead companies. Ten joint-stock companies were selected, all of which
implement corporate social responsibility principles in order to increase competitive advantage and
build long-term value. At the same time, these companies, in addition to fulfilling the criteria of
ecological responsibility, met the fuller and broader criteria of corporate social responsibility.

The selection of the research sample was as follows:

To achieve the main objective of the study related to the achievement of the expected and assumed
state, which is developing a holistic model of sustainable business contributing to building long-term
value of a socially responsible company, surveys as well as expert studies were conducted using an
evaluation questionnaire and analytical studies of existing documents related to the Respect Index stock
exchange. A research criterion for choosing research companies was developed, and the analysis was
conducted in terms of both subjective and objective criteria. As regards the subjective criterion, all forms
of business activity in Polish legislation were analyzed: sole traders, partnerships, general partnerships,
other partnerships, corporations (limited liability companies, joint stock companies). As far as an
objective criterion is concerned, after reviewing the literature and business practices, evaluation criteria
were defined that aim to properly select the profiles of the companies surveyed. These criteria include:
company valuation (a company is subjected to valuation), the pattern of management “best practices”
(it may be considered that the adopted management mechanisms, and the degree to which modern
management methods and concepts are used, exceed standards in the Polish economy), a minimum
market presence of 10 years (the maturity stage in business—in the author’s opinion, a minimum
10-year presence in the market indicates that the company wants to continue its business activity,
develop, gain competitive advantage, ensure business continuity and build the long-term value of
the company), the principles of corporate governance are fulfilled (a company wants to operate in
accordance with the standards of corporate governance, wants to conduct direct and indirect dialogue
with shareholders through their representatives in the supervisory board of the company, wants to
seek the most effective forms of communication, dialogue and relationships to achieve satisfactory
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performance), social responsibility is observed (a company which fulfills the principles of corporate
social responsibility and includes them in the principles of doing business, wants to balance the
interests of major groups of stakeholders and wishes to observe the law, follow core values, care for
the environment, and generate profits for shareholders by building an organizational culture that
helps achieve this goal), functions in various sectors of the economy and services (companies operate
in different sectors, therefore the picture of the study will have a cross-sectoral dimension and the
solutions developed during the study and the design of a business model have a chance to be applied
in various sectors of the economy and services). (see Tables 5 and 6)

Table 5. Legal form of the winners of the three previous editions of the “Environmentally Friendly
Company” (FBS) competition from 2006-2008 [3].

Legal Form—FB$

Legal Form FBS 2006 FBS 2007 FBS 2008 2006-2008
Joint-stock company 7 16 17 40
Limited Liability Company 22 28 25 75
General Partnership 2 1 1 4
Other 4 3 2 9
Total 35 48 45 128

Table 6. Type of business activity of the winners of the three previous editions of the “Environmentally
Friendly Company” (FBS) competition from 2006, 2007 and 2008 [3].

Type of Activity—FBS

Type of Activity FBS 2006 FBS 2007 FBS 2008 2006-2008
Production 11 13 12 36
Services 14 22 21 57
Trade 1 1 2 4
Production and services 5 5 6 16
Production and trade 1 2 1 4
Production, services, trade 1 3 2 6
Trade and services 2 2 1 5
Total 35 48 45 128

8.1. The Company’s Business Model Based on Fulfilling the Assumptions of the Concept of Corporate
Social Responsibility

Companies’ application of the assumptions of the concept of corporate social responsibility has its
own internal reference because it is based on ethical principles within the organization, that on the one
hand affect decision-making systems, and on the other hand the external environment of the company,
shaping its social dimension and image in the market. The conscious application of CSR assumptions
was the first area studied of the activity of companies that agreed to take part in research. (see Table 7)

Table 7. Impact of organizational cultures based on social responsibility and value-based
management—statistical values [3].

Statistical Value Value
Pearson 0.6599

Coefficient of determination R2 0.4355
n 44.00

Figure 6 shows the correlation results. In order to determine whether the assumed correlation
between organizational cultures based on CSR and VBM exists and whether it is strong, Pearson’s
coefficient was applied to the values (unloaded estimate of the correlation coefficient ryy); it is
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a coefficient determining the level of a linear relationship between the variables. The calculated
coefficient is ryy = 0.66.
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Figure 6. A graph showing the impact of organizational cultures based on social responsibility and
value-based management [3].

It can be inferred from the calculation that the relationship is strong, but its significance is
determined by the results of the t-test for the correlation coefficient. The number of experimental
points is 1 = 44. We accept the null hypothesis H,, that there is a correlation between CSR criteria and
VBM, and the alternative hypothesis Hj, that there is no correlation between the criteria.

The value of the t-statistic, which has a Student’s ¢ distribution is ¢ = 2.3. The level of significance
is o = 0.05 (standard for this population). We calculate the probability of p = 0.06. Since p > «, we accept
the null hypothesis, and therefore we reject the possible alternative hypothesis—there is a correlation
between the studied factors.

The test for the significance of the correlation coefficient proved the relationship between
organizational culture criteria based on social responsibility and value-based management.
The correlation is significant and strong, as indicated by the low coefficient of probability. Correlations
were statistically significant (p < 0.1).

Subsequently, a statistical relationship between corporate social responsibility and balancing the
potential of the company was calculated, as well as between value-based management factors and
balancing its potential. In order to determine whether a correlation exists and, if so, the strength
thereof, Pearson’s coefficient was applied to the values (unloaded estimate of the correlation coefficient
Ixy); it is a coefficient determining the level of a linear relationship between the variables. The results
of the calculations are presented in the table below (Table 8).

Table 8. Impact of organizational cultures based on social responsibility and value-based management
on balancing the potential of the company [3].

Statistical Value CSR/Sustainability VBM/Sustainability
Pearson 0.409 0.508
Coefficients of determination R? 0.17 0.26
n 44.00 44.00

For the correlation between the factors of social responsibility and balancing the potential of the
company, the statistical value f is adopted, which has a Student’s t distribution t = 2.01. The level of
significance is a = 0.05 (standard for this population). We calculate the probability of p = 0.054. Since
p > «, we accept the null hypothesis, and we reject the possible alternative hypothesis—there is a
correlation between the studied factors.

For the correlation between the factors of value-based management and balancing the potential of
the company, the statistical value t is adopted, which has a Student’s t distribution ¢ = 2.01. The level
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of significance is & = 0.05 (standard for this population). We calculate the probability of p = 0.054.
Since p > &, we accept the null hypothesis, and we reject the possible alternative hypothesis—there is a
correlation between the studied factors.

It can be inferred that there is no basis to reject the research hypothesis H3 which says that the
joint use of the concepts of corporate social responsibility (CSR) and value-based management (VBM)
balances the potentials of the company.

Research clearly shows that most of the companies have an organizational culture based on
organizational behavior deeply embedded in the joint implementation of the principles of corporate
social responsibility and value-based management. The companies surveyed want to apply the
principles of sustainable development and growth aimed at long-term functioning and continuous
profit generation, limiting the possibility of uncontrolled risks and building a positive relationship with
the environment. The value of the company depends on the skill of balancing its potentials (balancing
a company’s internal factors).

The most important elements of an organizational equilibrium concept are associated with the
driving forces behind a sustainable business model and can be synthetically presented in the following
relationships with sustainability related to:

e  material balance (expressed as the strength of the economic sustainability of the company) and
social balance (expressed as the strength of the conscious application of the principles of corporate
social responsibility);

e internal balance, related to the strength of balancing the company’s internal processes, and
external balance, expressed as the strength of stakeholders.

As well as sustainability instruments related to:

e  Strategy expressed as the strength of implementing a sustainable strategy based on the principles
of a balanced scorecard.

e Procedures related to the strength of the management style based on the logic of conscious
decision-making.

o Culture expressed as the strength of the conscious application of the principles of corporate governance.

e  Structure expressed as the strength of a consensual relationship between company management,
shareholders, stakeholders.

In order to test the strength of the relationships, the correlation between sustainability
and sustainability instruments was analyzed. Balance has a material and social, internal and
external dimension. Organizational balance (material, social) is based on the mutual adaptation of
intraorganizational relationships and the relationship between the organization and the environment in a
manner that satisfies the criteria of balance. It is associated with the strength of the conscious application
of the principles of corporate social responsibility and the strength of economic sustainability.

Social imbalance is expressed primarily in the reduction of activities for the organization and the
delegitimization of the organization and its activities in the environment; companies then reduce their
commitment to social responsibility.

Material imbalance is expressed as reducing the economic efficiency of operations and reducing
material resources provided by the organization environment. Thus, the strength of economic
sustainability, related to value-based management (VBM), becomes an element requiring improvement.

Imbalance provides both a stimulus for change and innovation, transferring the imbalance to other
areas, as well as for actions to regain balance and to re-define the company’s criteria. The company has
a number of sustainability instruments. The research examined sustainability instruments such
as developing a strategy, procedures, programs, budgets, formal business structures, operating
rules, procedures and systems, and organizational cultures, which aim to ensure organizational
performance—this is expressed as the strength of the management style based on the logic of
conscious decision-making.
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The strength of the relationship between sustainability and sustainability instruments is related to
the harmony between the four basic areas of balance—material, social, external and internal—where
conflicts and contradictions may occur between balance requirements.

In order to determine whether there is a correlation between sustainability and sustainability
instruments and, if so, whether it is strong, Pearson’s coefficient (an unloaded estimate of the correlation
coefficient ryy) was applied to the values; it is a coefficient determining the level of a linear relationship
between the variables. The calculated coefficient is ryy = 0.659 (Table 9).

Table 9. Impact of organizational cultures based on social responsibility and value-based
management—statistical values [3].

Statistical Value Value
Pearson 0.659

Coefficient of determination R2 0.511
n 44.00

Based on the calculation, it can be inferred that the relationship is strong, but its significance
is determined by the results of a correlation coefficient t-test. The number of experimental points is
n = 44. We accept the null hypothesis H,, that there is a correlation between CSR and VBM criteria,
and the alternative hypothesis Hj, that there is no correlation between the criteria.

The value of the t-statistic, which has Student’s t distribution, is t = 1.95. The level of significance
is & = 0.05 (standard for this population). We calculate the probability of p = 0.06. Since p > «, we accept
the null hypothesis and we reject the possible alternative hypothesis—there is a correlation between
the studied factors.

The test for the significance of the correlation coefficient proved the relationship between
sustainability and sustainability instruments. This correlation is significant and strong, as indicated by
the low probability coefficient. Correlations are statistically significant (p < 0.1).

Due to the fact that the selection of factors for the individual balance and sustainability
components depends entirely on the market situational context, managers choose the most valuable
current factors out of the package of corporate social responsibility and value-based management
factors, which guarantee that the forecasted results are achieved in a defined time interval. This is in
fact the creation of a sustainable business model that can be applied in various sectors of the economy.
From this perspective, we talk about a cross-sectoral holistic sustainable business model. (see Table 10).

Trust has the greatest impact on value and sales growth in the company, and the least impact
on investment in the company’s working capital, as well as on investment in the company’s fixed
capital—the average weight of this factor is 4.3 (on a scale of 1 to 5). Corporate image and brand
awareness have the greatest impact on the company’s competitive advantage, and the least impact on
investment in working capital, as well as on the company’s fixed capital—the average weight of this
factor is 3.9 (on a scale of 1 to 5). Competency—the average weight of this factor is 3.9 (on a scale of 1 to
5)—has the greatest impact on sales growth in the company and the company’s competitive advantage,
and the least impact on investment in the company’s working and fixed capital. The principles of
corporate governance have the greatest impact on the company’s competitive advantage, and the
least impact on two factors: investment in the company’s working capital and investment in fixed
capital—the average weight of this factor is 4.4 (on a scale of 1 to 5). Customer relationships have the
greatest impact on sales growth and the company’s competitive advantage. This factor has the least
impact on investment in working capital and fixed capital—the average weight of this factor is 4.6
(on a scale of 1 to 5). The network of stakeholders has the greatest impact on sales growth and the
company’s competitive advantage. It has the least impact on operating profit margins, investment
in working capital and fixed capital—the average weight of this factor is 4.6 (on a scale of 1 to 5).
Company resources have the greatest impact on investment in working capital and investment in fixed
capital, and the least impact on the company’s value—the average weight of this factor is 4.3 (on a
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scale of 1 to 5). Social capital has the greatest impact on value and sales growth in the company, as well
as the company’s competitive advantage, while it has the least impact on investment in the company’s
fixed capital—the average weight of this factor is 3.4 (on a scale of 1 to 5). Customer relationships
and the network of stakeholders are factors with the greatest impact in most areas. Expressed values,
environmental products/services, and social capital are the least significant factors.

Table 10. Strength of the impact of factors [3].

Mean Score

Has the Has the Has the
Has the Greatest Greatest Hasl:ea(c;trz:test Hashttll\ea(c;tr:ltesl Greatest
Greatest Impact on Impact on the pact 0 pact o Impact on the Mean
. Investment in the Investment in the )
Impacton  Sales Growth Company’s B P Company’s Score
. . Company’s Company’s Fixed o
Value in the Operating Working Capital Capital Competitive
Company Profit & ~ap P Advantage
Trust 4.7 4.7 4.2 3.8 3.8 4.4 43
Corporate image
and brand 41 42 3.8 3.6 3.6 43 39
awareness
Competency 4.0 41 3.8 3.6 3.6 41 3.9
Principles of
corporate 4.6 45 4.3 4.0 4.0 4.7 44
governance
Customer 48 50 46 41 41 5.0 46
relationships
Network of
stakeholders 4.6 4.8 4.5 45 4.5 4.8 4.6
Company assets 4.1 4.3 43 45 4.5 42 43
Social capital 3.7 3.7 34 3.0 29 37 34

8.2. Research on the Fulfillment of the Needs of Different Groups of Stakeholders

In order to determine whether there is a correlation between balancing the needs of stakeholders
and their migration processes and whether it is strong, Pearson’s coefficient (an unloaded estimate of
the correlation coefficient rxy) was applied to these values; it is a coefficient determining the level of a
linear relationship between the variables. The calculated coefficient is rxy = 0.719. (see Table 11)

Table 11. Impact of organizational cultures based on social responsibility value-based
management—statistical values [3].

Statistical Value Value
Pearson 0.719

Coefficient of determination R? 0.511
n 44.00

On the basis of the calculation it can be inferred that the achieved relationship is strong, but the
significance of the correlation is determined by the results of a t-test for the correlation coefficient.
The number of experimental points is 1 = 44. We accept the null hypothesis Ho, that there is a correlation
between the criteria, and the alternative hypothesis Hj, that there is no correlation between the criteria.

The rating of the impact of the various stakeholder groups gathered around the organization
on the value of the company is presented in Table 12. The results clearly indicate that the group
of stakeholders that have the greatest impact (average above 4.51) on the value of the company are
shareholders, followed by customers.
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8.3. The Application of a Sustainable Dividend Policy

In order to ensure the company’s liquidity and profitability today and in the future, companies
pay a profit in the form of dividends, which are also sustainable: the allocation of one-third of the
dividends to increase the company’s equity in order to increase business credibility, also by increasing
its debt-raising capacity; the allocation of one-third of the dividends for investments in tangible and
intangible capital; and the allocation of one-third of the dividends for consumption by the company
shareholders, who are the primary donors of cash for the development and growth of the organization
and expect satisfactory return on capital employed in the reference period they establish.

It results in significant value added, arising from the application of the principles of social
responsibility, and includes a financial dividend to shareholders paid in a sustainable manner and a
social dividend, the beneficiaries of which are all company stakeholders.

A sustainable business model has been presented based on proving the hypotheses, as shown in
Figure 5.

All the hypotheses are true. Quantitative research has been combined with qualitative research,
which was supplemented with expert analysis. Methodological triangulation has been applied, i.e.,
the use of many methods to examine a single issue. Raw data from empirical research has been used
by means of a survey questionnaire as well as secondary data from analyzing the stock exchange
and documents drawn up by companies related to applying the principles of corporate governance.
The result of the research is a sustainable business model built on the basis of seven driving forces
with marked correlations between its elements, between which the interactions occur. A holistic
sustainable business model (Figure 5) shows the key statistical links that have particularly important
implications for building the long-term value of the company. The correlations between variables
(empirical research findings using questionnaires) that are considered important have been shown.
The model is the result of empirical research with respect to the selected variables. The variables
form the shape of relationships between determinants describing an eclectic sustainable business
model. Not all variables correlate with other variables—only those that are important for building the
long-term value of the company have been shown.

On the basis of the above design of a sustainable business model, its new definition has been
developed using the proven hypotheses. The numbers in the figure indicate the statistical relationships
between the different components of the proposed sustainable business model for mature companies.
Where there are no numerical values, the relationship has not been studied and only the cause and
effect relationships have been shown as it is necessary to show them for the applied holistic approach.
A sustainable business model building the long-term value of a socially responsible company is the
model built by the joint use of the corporate social responsibility and value-based management concepts
which ensures that the needs of shareholders and other stakeholder groups are fulfilled through a
skillful balancing of the company’s potential towards generating value allocated in a sustainable way,
enabling the continuity of company management.

A sustainable business model is a hybrid model, i.e., a model built in the subject-object system.
Components of this model include entities centered on the company, forming relationships, influencing
the company value drivers and strategic factors connected with the theory of corporate social
responsibility, value-based management, the theory of stakeholders and the theory of shareholders
functioning in the mutual relationship based on the principles of sustainability. (see Figure 7).

This model is a holistic model of reduced nature, which could be applied in different sectors of
the economy, treated as a subsystem of the entire ecosystem. This means that this model and its design
are included in the middle-range theory. While determining the strategic options of the companies
surveyed, enabling the design of an effective sustainable business model, boundary conditions which
were defined in the course of constructing a 3S (Synergy, Symbiosis, Symmetry) triangle and DSB
(Durability, Sustainability, Balance) triangle must be specified.
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Figure 7. A holistic sustainable business model by A. Jabtoriski [3] (p. 401).

The following are the definitions of the various elements of the triangle:

Synergy—the joint use of corporate social responsibility and value-based management concepts,
strengthening the company’s financial and competitive strength, aimed at building its
long-term value.

Symbiosis—the co-existence of stakeholders gathered around the company, which excludes the
uncontrolled loss of the value of certain stakeholders for the benefit of other stakeholders.
Symmetry—the mutual, systematic development of the individual components of the company’s
potential, while maintaining the ability to move towards higher value inherent in the market and
its stakeholder.

Durability—the relationship between the strength of a consensual relationship between company
management, shareholders, and stakeholders, and the strength of the conscious application of
the principles of corporate governance.

Balance—the relationship between the strength of the economic sustainability of the company,
and the strength of balancing the intellectual capital of the company.

Sustainability—the relationship between the strength of the conscious application of the principles
of corporate social responsibility, and the strength of stakeholder value and the dynamics of their
migration processes.
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Below are presented key recommendation:

As there is no clear definition and understanding of the concept of sustainability, the authors have
developed their own definition of sustainability based on durability, sustainability and balance.
Analyzing the behavior of companies based on research, making observations and reviewing
the relevant literature, the authors have constructed a 3S triangle based on synergy, symbiosis
and symmetry.

In the DSB triangle, a balance point has been defined, located at the intersection of three triangle
diagonals, understood as a place where the definition of sustainability in business developed by
the authors is fully utilized.

In the 3S triangle, a balance point has been defined, located at the intersection of three triangle
diagonals, understood as a place where the principles of synergy, symbiosis and symmetry are
fully used to build the long-term value of the company by means of the concept of sustainability.
Overlaying two triangles on each other along with the results of the statistical analyses resulting
from the research allowed the authors to determine the strategic options of the companies
surveyed, which enabled the efficient design of a sustainable business model.

From among the strategic options of the company presented, they choose the option which is
the best, in their opinion, from the point of view of resources, business life cycle, and market
relationships. (see Figure 8)

Synergy
r=0.659

Symbiosis

r=0.719

Durability

r=0.622 Sustainability

r=0.54

Symmetry Balance
r=0.628 r=0.711

Figure 8. The imbalance gap between the 3S triangle and DSB triangle parameters by A. Jabtoniski [3],
(p- 393).

When the triangles overlap and are analyzed, a new triangle, which the authors call a SS

(sustainability strength) triangle, is formed. In the SS triangle, the position of two points deviated
from the balance point—red for the deviation from balance in the 3S triangle and green in the DSB
triangle—is essential to determine the appropriate strategic options for the company. Table 2 shows
the possible strategic options for the position of these points in the SS triangle. (see Table 13)
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Table 13. Possible strategic options for the positions of points of deviation from balance by A. Jabtoniski [3]

(p. 391-392).
Deviation Deviation in
No. in the 3S the DSB Description of the System
Triangle Triangle

A relationship between corporate social responsibility and value-based
management in terms of balancing the company’s potential (the joint use of
the concepts of corporate social responsibility and value-based management

1 A—Synergy  A—Durability reinforcing the financial and competitive strength of the company aiming to

build its long-term value), strengthened by applying the principles of
durability, that is the relationship between the strength of a consensual
relationship of a company’s board, shareholders, and stakeholders, and the
strength of the conscious application of corporate governance principles.

A—Synergy = B—Sustainability

A relationship between corporate social responsibility and value-based
management in terms of balancing the company’s potential (the joint use of
the concepts of corporate social responsibility and value-based management
reinforcing the financial and competitive strength of the company aiming to
build its long-term value), strengthened by applying the principles of
sustainability, that is the relationship between the strength of the company’s
economic sustainability and the strength of balancing the company’s
intellectual capital.

A—Synergy C—Balance

A relationship between corporate social responsibility and value-based
management in terms of balancing its potential (the joint use of the concepts
of corporate social responsibility and value-based management reinforcing
the financial and competitive strength of the company aimed to build its
long-term value), strengthened by applying the principles of balance, that is
the relationship between the strength of the conscious application of
corporate social responsibility principles and the strength of the stakeholders”
value and the dynamics of their migration processes.

B—Symbiosis A—Durability

Strength of stakeholders’ value and dynamics of their migration processes
(co-existence of stakeholders centered around the company, which excludes
uncontrolled loss of value of some stakeholders for the benefit of other
stakeholders), strengthened by applying the principles of durability, that is
the relationship between the strength of the consensual relationship: the
company’s board, shareholders, and stakeholders, and the strength of the
conscious application of corporate governance principles.

B—Symbiosis B—Sustainability

Strength of stakeholders’ value and dynamics of their migration processes
(co-existence of stakeholders centered around the company, which excludes
uncontrolled loss of value of some stakeholders for the benefit of other
stakeholders), strengthened by applying the principles of sustainability,
that is the relationship between the strength of the company’s economic
sustainability and the strength of balancing the intellectual capital of

the company.

B—Symbiosis ~ C—Balance

Strength of stakeholders’ value and dynamics of their migration processes
(co-existence of stakeholders centered around the company, which excludes
uncontrolled loss of value of some stakeholders for the benefit of other
stakeholders), strengthened by applying the principles of balance, that is the
relationship between the strength of the conscious application of corporate
social responsibility principles and the strength of the stakeholders’ value
and the dynamics of their migration processes.

C—Symmetry A—Durability

Balance between the inside of the company and its environment (regular
development of individual components of the company’s potential, while
maintaining the possibility of shifting the company in a move towards higher
value inherent in the market and its stakeholders), strengthened by applying
the principles of durability, that is the relationship between the strength of a
consensual relationship: the company’s board, shareholders, and
stakeholders, and the strength of the conscious application of corporate
governance principles.
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Table 13. Cont.

Deviation Deviation in
No. in the 3S the DSB Description of the System
Triangle Triangle

Balance between the inside of the company and its environment (regular
development of individual components of the company’s potential, while
maintaining the possibility of shifting the company in a move towards higher

8 C—Symmetry B—Sustainability value inherent in the market and its stakeholders), strengthened by applying
the principles of sustainability, that is the relationship between the strength
of the company’s economic sustainability and the strength of balancing the
company’s intellectual capital.

Balance between the inside of the company and its environment (regular
development of individual components of the company’s potential, while
maintaining the possibility of shifting the company in a move towards higher
value inherent in the market and its stakeholders), strengthened by applying
the principles of balance, that is the relationship between the strength of the
conscious application of corporate social responsibility principles, and the
strength of stakeholders’ value and the dynamics of their

migration processes.

9 C—Symmetry ~C—Balance

The research and analysis on sustainable business models of companies in terms of activity on the
capital market resulted in the following conclusions:

Companies should choose one of nine strategic options, the most appropriate to their current
business context, depending on, inter alia, resources available, their relationships with stakeholders
and their structure, the life cycle of the company, their location in the sector, and competitive, economic
and intellectual strength:

—  The A-A strategic option is most appropriate for joint-stock companies that operate in the
securities market. The joint implementation of corporate social responsibility and value-based
management concepts, including compliance with the rules of corporate governance and the
skillful interaction of key actors creating business, results in satisfying the requirements of
the capital market as regards fulfilling the needs of shareholders and ensuring the company’s
business security.

—  The A-B strategic option is most appropriate for creative businesses operating, for example, in
high technology sectors. These companies create value in a responsible way through the dynamic
development of intellectual capital, possessing financial capital at the same time.

—  The A-C strategic option is most appropriate for companies that operate in sectors where
stakeholders strongly influence the market and products or services have an economic and
social dimension (e.g., energy, public utility, water and sewage, or service sectors based on
creating value for retail customers). Combining the principles of corporate social responsibility
and value-based management with the strength of stakeholders can create new instruments for
building competitive advantage while exchanging values and creating various kinds of values.

—  The B-A strategic option is the most appropriate for joint-stock companies operating in the
securities market whose products and services have an economic and social dimension, and the
creation of value proposition through products and services requires strong cooperation, alliances
or presence in the network structures. Symbiosis between all significant stakeholders and mutual
reinforcement of their value while applying the principles of corporate governance can ensure
the stability of the business, strengthen its brand value, its reputation and the positive image of
the company on the market.

—  The B-B strategic option is the most appropriate for companies that offer products and/or services
rich in knowledge, the reception of which has a strong social dimension. Combining stakeholders’
value with the company’s economic and intellectual dimension can be a highly effective resource
in achieving dynamic financial performance, taking into account the experience curve.
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—  The B-C strategic option is most appropriate for business and social enterprises which strongly
influence society and its behavior. This is the most extensive model, as it applies not only to capital
companies (operating in the capital market and outside), but also to non-profit and not-for-profit
organizations. Orienting the strategy to fulfilling the needs of stakeholders is associated with
the concept of social entrepreneurship, where value has not only a financial dimension (financial
dividend), but also a social one (social dividend).

—  The C-A strategic option is most appropriate for companies operating in relatively stable sectors
of the economy, where the market growth rate is not high. By using creative comparison, the
company may try to match its internal potential to relevant market expectations, following the
principles of economic sustainability. Companies applying an evolutionary model in management
can develop in a sustainable way and maintain their ability to effectively and efficiently manage
business and social risk.

—  The C-B strategic option is most appropriate for stable companies that create products and/or
services rich in knowledge, based on the mechanisms of incremental innovation. They modify the
products and/or services they offer, based on the continuous study of customer needs, market
observations, flexibility and changes in the area—the inside of a company—the market.

—  The C-C strategic option is most appropriate for companies operating in a stable market with
the clearly defined, changing needs of customers and other stakeholders in a sustainable way.
Stakeholders appreciate the stable state of the company operating in a stable market and seek to
join the course of mutual value exchange. As a result, the value of the company increases, as well
as the value of its stakeholders.

The above strategic options show the trends in the creation of sustainable business models for
companies at the maturity stage of development.

9. Discussion

The assumptions of sustainability are achievable through the entire life cycle of the
company—from the stage of incubation to maturity. Discussion of the results in terms of contribution
to sustainability in the life cycle requires defining at least two extreme stages, the early stage of
company development and the maturity stage. At each stage, the assumptions of the base business
model will be different. In each case, survival in different conditions, which is a prerequisite for
long-term value creation for different groups of stakeholders, should be a key stimulator of business
activity. The configuration design and its monitoring of the survival strategy of business models
at an early stage of development and business models operating in the market for a long time is
the underlying assumption of creating value in the long term. The business model must change
due to the changeable internal and external environment based on the capabilities inherent in its
potential. Skillfully making changes to the business model during its life cycle enables it to survive.
Therefore, survival is determined by the ability to modify the business model throughout the life cycle
of the company, applying the solution appropriate for the situation in the sphere of business models.
We believe that the concept of sustainability, which is based on configuring the business model in
terms of its variability in the context of the company’s life cycle, is subject to interpretation. Both
young and mature companies want, first of all, to be able to survive to create maximum value for
stakeholders in good times. The pillars of survival will be generally the same, even though they will
be different at each stage. Whether a model is sustainable depends on the ability to reconfigure the
business models at different stages of development. A sustainable business model, by the criterion
of the company’s life cycle, is understood as the development of a model configuration such that it
will allow the company to survive on the market under all circumstances. Such logic implies that, at
various stages of the company’s life cycle, managers are able to configure their business models with
business model components adequate for meeting the needs of the market. The resulting business
model canvas will continue to evolve by changing the components that have been fully exploited

70



Sustainability 2016, 8, 430

and replacing them with those that will be able to further create company value and achieve high
performance. As a result, the company still has an efficient business model. That efficiency translates
into achieving appropriate rates of return from the business model. The accepted methodology of
business model development will then be realized.

As aresult, further research and work on application should be a contribution to creating other
solutions in this respect. It is also interesting to examine this issue from the point of view of the
network economy. In this way, a new approach to business models has been presented, which should
contribute to the development of the sustainability issue from the point of view of the company’s
life cycle.

10. Conclusions

The functioning of companies in the Polish capital market in times of crisis determines new
mechanisms not only of competing, but mainly of developing rules of conducting business. Companies
which are at various stages of development and at different stages of functioning in their sector must
design business models that can provide a platform for stability of the defined and used components,
constituting an efficient business model. In order to be able to do it, they should make strategic
decisions relevant to the life cycle they are in. Only such a design of the business model and strategy
that is consistent with a given stage of company development may ensure an acceptable level of growth
and development of the company, providing the basis for managing and maintaining its continuity
over a long period of time, using sustainability principles. The assessment of business models can take
into account the following factors:

—  developed in other stages of the company life cycle

- requiring other methods and management concepts appropriate to the level of company maturity,
supporting the process of value creation

- if the company is a participant in the capital market it may be listed in other indices (a company
at the initial stage of its development in the New Connect Index, for example, and a mature
company in the Respect Index)

- an emphasis on the creation of value in the short and long term

- anemphasis on the creation of value mainly for shareholders and/or the concept of value creation
for the company through a dialogue with stakeholders as the conditions of implementing the
principles of sustainability

Research included both companies at an early stage of development and mature companies.
The data of companies listed on the Stock Exchange in Warsaw in the indices relevant to their specific
character were used. Using the theoretical assumptions related to the concept of the component
approach to building the business model configuration of companies at an early stage of development
and stakeholder theory and the joint use of the CSR and VBM concepts for mature companies, two
models have been developed relating to two extreme stages of development, the stage of shaping the
business model for the objective of developing the company’s ability to create value for shareholders
and the stage of ensuring the long-term value of the company in the case of mature companies. In this
way, individual attributes and their combinations for business models that are at two extreme stages of
development have been identified. The first group of the surveyed companies was IPO companies,
while the second was companies that had been listed on the Stock Exchange for a long time and that
are governed by the principles of corporate governance. Thus, their business models are different.
As shown in this paper, managers in start-ups focus their attention on designing, delivering scalability
and dynamically adjusting the used business model, while in the case of mature companies they
expand the understanding of the business model, adding management intentions to its attributes
based on balancing the interests of different groups of stakeholders and a coherent and coordinated
use of assumptions of the concepts of value-based management and corporate social responsibility,
resulting in the creation of a sustainable business model. Business models examined using the criterion
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of the life cycle change due to the growing needs of stakeholders over time. As these needs and
expectations are the greatest in the case of mature companies, the creation of a category of a business
model concentrated on sustainability is therefore justified. In the case of companies at an early
stage of development, it is also important to take into account which business model components
are responsible for increasing shareholder value to the greatest extent. They should therefore be a
driver of adjusting business models, and changes aiming to build company value should focus on
them. Directions for further research may include the further development of the concept of business
models of the early and mature stages of company development; mechanisms for creating, delivering
and capturing value at various stages of the life cycle of the company; shaping networked business
models in the life cycle; and the methods of achieving business model scalability at various stages of
company development.
Prospects for further scientific research may include:

(1) The further development of the concept of a business model in the life cycle from the point of
view of its sustainability.

(2) Building sustainable business models based on the network paradigm.

(3) Making changes in the configuration of business models on different levels of development.

(4) Studying the scalability of sustainable business models in hybrid organizations.

(5) Searching the impact of cooperative behaviors in building business models.

Several issues limiting research and analysis have been selected. The subject of studying business
models in their life cycle is relatively new and not fully developed. Therefore, there are not many
comparable studies that may provide a reference point for the research findings. There are a small
number of scientific studies on business models examined in terms of the life cycle, which also makes
it difficult to explore this issue. The limitations can also include problems resulting from the research
sampling. The authors intend to develop the research issue and conduct further research on the subject
for different groups of companies, not only capital market participants.
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Abstract: The paper substantiates the importance of the optimal directionality choice of sales
activity as one of the main lines of enterprise activity, the functioning of which should be complete,
synchronous and complementary. Diversification is one of the powerful instruments to ensure the
steady development of the sales activity of an enterprise. Three models of sales activity diversification
of an enterprise are developed. The first model is based on unveiling the potential of sales channels
and allows us to show the peculiarities of their use. The second model of the optimal quantitative
distribution of production between sales channels is based on profit maximization. This approach
not only takes into account the evaluation of the prescribed parameters of sales channels, but also
provides the high profitability of each assortment item and of the whole enterprise. The third model
of the optimal distribution of production between sales channels accounts for the experience of
collaboration between the enterprise and sales channels during the past period and ensures the
minimal risk and appropriate profitability for each sales channel. The proposed models are tested
and compared to actual data of the enterprise; the advantages and peculiarities of each model
are discussed.

Keywords: sales activity; diversification; optimal production distribution; sales channels; profitability;
business risk

1. Introduction

Market fluctuations are noticeably observed in modern conditions of uncertainty, disbalance and
disproportions between the expected and actual state of the market. A reaction of enterprises on these
processes is manifested by the adaptation to such conditions, an active search for new instruments
and methods, which allow a company to ensure steady development, to confine the competitive
positions and to reduce exogenous and endogenous risks appearing during the economic activity of
market entities. One of such instruments providing the steady development of an enterprise consists of
diversification, which is directed toward expanding the domain of company operation. Diversification
of sales activity is a process of extended use of innovative tools, mechanisms, methods and models
for achieving marketing goals and determining optimal sales channels and the optimal distribution
of products in each sales channel. Diversification provides an instrument for varying the enterprise
operation and constructive optimal decision-making to improve enterprise conditions.

Today, more and more companies choose multichannel distribution systems; the use of such
systems has increased greatly in recent years [1]. It was emphasized in [2] that the increasing complexity
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of the competitive environment requires new approaches to stating company strategy and tactics.
Enterprises diversify their sales activities to vary the use of distribution channels and to reduce
a risk of profit deficiency caused by exploiting only a few sales channels or by cooperation with
undisciplined intermedjiaries.

In this paper, we present three models of sales activity diversification of a company. Section 2
includes a review of existing approaches to the selection of sales channels, the conceptual discussion
and presentation of models. The potential of sales channels and the peculiarities of their use are
discussed in Section 3. The second approach to the optimal quantitative distribution of production
between distribution channels based on profit maximization is considered in Section 4. The third model
of the optimal distribution of production between distribution channels based on risk minimization is
described in Section 5. The proposed models are tested and compared to actual data of the company;
a comparison of predicted income is presented in Section 6. The advantages and peculiarities of each
model are discussed in Section 7. Conclusions are reported in Section 8.

2. Theoretical Framework

The problem of the optimal selection of sales channels has attracted considerable interest of
many researchers. Coughlan et al. [3] discussed the structure, function, framework, development,
maintenance and management of distribution channels to attain significant competitive advantages.
Developing relationships between sales channels and control mechanisms in such channels was
reviewed in [4,5]. Nevin [5] emphasized that to be effective in designing channels, marketing managers
need to understand the alternative mechanisms for controlling the individual channel members.
Different kinds of consumers and their behavior on a market to provide the effective selling distribution
were analyzed in [6,7]. Various aspects of sales channels choice by consumers have also been studied
in [8-10]. Sutton and Klein [11] considered the optimization of marketing instruments to drive
profitable sales channels of an enterprise. They underlined the need of optimizing the performance of
each marketing channel (which channels perform better than others?) and of identifying risks and
critical success factors to hit performance targets. Ingene and Parry [12] analyzed channel performance,
channel strategy and mathematical models of sales channels. Evaluating channel choice, Magrath
and Hardy [13] considered three groups of criteria: efficiency (cost, capacity), effectiveness (coverage,
control, competence) and adaptability (flexibility, vitality). Criteria characterizing producers, markets,
purchasing peculiarities, goods, intermediaries, customers, behavior of sales channels participants,
etc., were examined in [14-18]. Kotler [19] described economical, control and adaptive criteria of
channels’ evaluation. Criteria for selecting and evaluating intermediaries in indirect sales channels
were discussed in [19-21]. Rolnicki [22] provides a comprehensive list of channel member selection
criteria, including reputation, business and managerial stability, financial strength, type of market
coverage, sales competency, etc. Various aspects of the sustainability of distribution channels were
discussed by Dent [23]. Different profit-maximization models for distribution channels were proposed
in [24]. Several examples of using the linear programming methods in management were presented
by Anderson et al. [25]. A game-theoretical approach to modeling distribution channels was used
in [26,27].

At the present time, the problem of selecting the best sales channels and arranging the movement
of goods in them is still investigated incompletely, especially taking into account the specificity of
Ukrainian economic relations. This determines the need of system research ensuring the steady
development of sales activity of enterprises based on diversification principles. Choosing optimal
sales channels, enterprises have to deal with a set of questions and problems. To solve these problems,
the authors have proposed three approaches to the diversification of sales activity of a company.
The presented complex of criteria has been formulated by the authors based on the large amount
of literature on this topic, taking into account the practice of sales activity in Ukraine and previous
authors’ investigations. Three models considered in the paper present a new solution of a problem
of sales channels’ selection using the present-day mathematical technique. The mathematical tools
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are known in the literature, but the authors have implemented and adapted these models to existing
conditions of enterprise functioning and development taking into account special features of proposed
qualitative and quantitative characteristic criteria for comparing direct and indirect sales channels.

The choice of a model depends on the production type, the product life cycle stage, the
goals of an enterprise (maximal profit or minimal risk) and other parameters. The model of
determining the sales channel potential assumes comparing the sales channels based on qualitative and
quantitative characteristic criteria, which reflect the peculiarities of cooperation between a company
and intermediaries or take into account the sales results of individual direct sales channels. The second
model of the optimal quantitative distribution of production between sales channels is based on profit
maximization. This approach not only takes into account the evaluation of the prescribed parameters
of sales channels, but also provides the high profitability of each assortment item and of the whole
enterprise. The third model of the optimal distribution of production between sales channels accounts
for the experience of collaboration between the enterprise and sales channels during the past period
and ensures the minimal risk and appropriate profitability for each sales channel.

3. The Model of Determining the Sales Channel Potential

Based on the research mentioned above, the practice of economic entities and our own study [16],
the qualitative-quantitative criteria were elaborated for evaluating and comparing the direct and
indirect sales channels. The importance of elaborating such criteria was also emphasized by Magrath
and Hardy [13]: “Products or services must be graded, assembled, bundled, converted, augmented,
promoted, displayed, sold, warranted, repaired, transported, and so on. Any channel of distribution
can be compared in terms of its inherent ability to fulfill such functions”.

As an example, Svitovyr, LLC (Lviv, Ukraine), was considered. The characteristic criteria of
comparing direct sales channels are presented in Table 1. We also give recommendations for their
calculation. The obtained criteria will be used to compare the direct channels” potentials using the
improved radar method (see Figure 1a).

Recommendations for the calculation of the qualitative and quantitative characteristic criteria for
direct channels:

(1) The channel having the largest total production turnover gets 10 points; the points of other
channels are calculated proportionally to the leading channel.
(2) The channel having the largest increase of sales volume gets 10 points; the points of other channels

are calculated proportionally to the leading channel.

The sum of strengths and opportunities positions . : .
3) The sum of weaknesses and threats positions .The direct channel having the maximum value of

the ratio gets 10 points; the points of other channels are calculated proportionally to the
leading channel.

(4) Independent experts interview top-management representatives of direct sales channels forming
the expert opinion according to a 10-point grading scale.

(5) The direct channel having the lowest markup rate gets 10 points. Points for other channels are
calculated subtracting 0.5 points for every additional 5% of markup rate.

(6) The direct channel having the shortest period of goods delivery from the producer to a consumer
gets 10 points. Points for other channels are calculated subtracting 0.5 points for every
additional day.

(7) A secret shopper evaluates sales personnel according to the 10-point grading scale.
S Total population of settlements, where production is presented
®) Population of Ukraine .

(9) Theleading direct channel gets 10 points; the points of other channels are calculated proportionally
to the leading channel.

(10) The number of months in use
The number of months of company existence *
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The qualitative and quantitative characteristic criteria of comparing indirect sales channels of

Svitovyr, LLC (Lviv, Ukraine), are presented in Table 2. We briefly characterize these criteria and give
recommendations for their calculation. It should be emphasized that the number of qualitative and
quantitative characteristic criteria for indirect distribution channels should be substantially larger
than that for direct channels, as the manufacturer has less possibilities of control and influence on the
intermediary behavior. The obtained criteria will be used to compare the indirect channels’ potentials
using the improved radar method (see Figure 1b).

312 2
10— 31 3

30 1 a4
29 5
8
28 % 6
06
of 3 7 0,4 7
26 0,2 8
25 9
24 10
8% 4 23 11
22 12
21 13
20 14
7 5
19" 4 56 15
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=}
() (b)

Figure 1. Graphical interpretation of the evaluation of direct (a) and indirect (b) sales channels for

Svitovyr using the improved radar method (data from 2014). Nomenclature for Figure la: .,

N

internet sales; , specialized hypermarket; E,

distribution network.

, exhibition sales; nomenclature for Figure 1b:

Recommendations for the calculation of qualitative and quantitative characteristic criteria for

indirect channels:

(O]

()

(©)
4)
©®)
(6)
@)
®)
)

(10)

The intermediary having the largest year turnover of the producer production gets 10 points; the
points of other indirect sales channels are calculated proportionally to the leading channel.
Data from the last two years are compared. The intermediary having the largest sales increase
gets 10 points; the points of other indirect sales channels are calculated proportionally to the
leading channel.

The intermediary having the least credit debt gets 10 points. For each additional 1000 UAH,
0.5 points are subtracted.

The direct channel having the maximum value of the ratio gets 10 points; the points of other
indirect sales channels are calculated proportionally to the leading channel.

The intermediary having the largest increase in sales gets 10 points; the points of other sales
channels are calculated proportionally to the leading channel.

The intermediary having no debts during the last year gets 10 point. 0.5 points are subtracted for
each debt month.

Independent experts give the number of points according to a 10-point grading scale.
Total population of settlements, where production is presented
Population of Ukraine .

The indirect sales channel having the lowest markup rate gets 10 points. Points for other channels
are calculated subtracting 0.5 points for every additional 5% of markup rate.

The intermediary having the lowest discount gets 10 points; 0.5 point are subtracted for each
additional percentage.
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(11) Independent experts interview top-management representatives of an indirect sales channel
forming the expert opinion according to a 10-point grading scale.

(12) Independent experts give the number of points according to a 10-point grading scale.

(13) The intermediary having the lowest freight charges gets 10 points; 0.5 point are subtracted for
each additional 1000 UAH.

(14) The intermediary with the largest year turnover gets 10 points; the points of other indirect sales
channels are calculated proportionally to the leading channel.

(15) A secret shopper evaluates sales personnel according to a 10-point grading scale.

(16) The intermediary having the largest frequency of promotions gets 10 points; the points of other
sales channels are calculated proportionally to the leading channel.

(17) The intermediary having the least increase in sales of the analogical production of competitors gets
10 points. The points of other channels are calculated subtracting 0.5 points for each additional
5% increase.

(18) The duration of intermediary activity is compared; the leading indirect channel gets 10 points;
the points of other indirect sales channels are calculated proportionally to the leading channel.

(19) The part of producer’s costs in joint promotions is compared to that of the intermediary. The
channel in which the part of producer’s costs is the lowest gets 10 points; the points of other
indirect sales channels are calculated proportionally to the leading channel.

(20) The intermediary having the shortest period of product delivery from the producer to a consumer
gets 10 points. Points of other channels are calculated subtracting 0.5 points for each
additional day.

(21) TEE‘:X?;;Z}?S? e rmﬁifiifﬁ;’fy . The indirect channel having the largest ratio gets 10 points; the
points of other indirect sales channels are calculated proportionally to the leading channel.

(22) The Marketing Department and Sales Department give the number of points according to
a 10-point scale.
(23) Independent experts give the number of points according to a 10-point grading scale.

(24) Independent experts give the number of points according to a 10-point grading scale.

(25) The number of months in use
The number of months of company existence *

(26) The dates of the last investment in fixed assets are compared. The indirect channel with the last
investment gets 10 points. The points of other channels are calculated by subtracting one point
for each year earlier than the leading channel.

(27) The use of ecological modes of transport and the use of rendering plant facilities are estimated.
The indirect channel having at least one of the abovementioned items gets 10 points.

(28) The indirect sales channel having no returns gets 10 points. The points for other channels are
calculated subtracting one point for each return.

(29) Independent experts give the number of points according to a 10-point grading scale.
(30) The number of nonstandard situations solved positively
The number of nonstandard situations .

(31) The dates of the last purchase are compared. The indirect channel with the latest purchase gets
10 points. The points of other channels are calculated subtracting 0.5 points for each month earlier
than the leading channel.

(32) Volumes of the last purchase are compared. The indirect channel with the largest purchase
volume gets 10 points; the points of other indirect sales channels are calculated proportionally to
the leading channel.
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On the basis of the described criteria, the direct and indirect channels’ potentials will be compared.
The existing radar method [28,29], which does not account for the criterion weights, involves building
a circle with a radius equal to 10 conventional units. Next, a graphical cyclogram is constructed at
the radial axis at which the criteria values are marked. These marks are connected creating a polygon
(the number of axes is equal to the number of criteria). The proposed improved radar method [16]
consists of building a circle with a radius equal to the maximum value of all of the criteria, sorting
the criteria into groups according to the weight decrease and according to points adjusted by the
weight coefficient. It should be mentioned that the recommended values of criteria weights reflect
their significance and are set based on the experience of enterprise activity. At the radial axis of the
graphical cyclogram, the criteria values corrected by their weights are marked. The area S} of the
obtained polygon is determined as follows:
(3F) (@1 % v1 % @ X ya 82 X Yy X 03 X Y3+ 3 X Y3 X 84 X V4 + ot

Fy—1 X Y1 X Ay X Yy + Gy XYy X a1 X yq) X 0.5

5
Spfsm 1)

where 7 is the number of criteria, ; is the value of the i-th characteristic criterion and y; denotes the
weight coefficient of the i-th criterion.
Comparison of sales channels is carried out using the generalized characteristic index Y;* which is
calculated as: gt
p

=g

@

In this equation, S* is the area of a circle with a radius equal to the maximal value of all of the
weighted criteria ( = max (a; * y;)). The greater is the value of Y}¥, the more profitable is the sales
channel (see Figure 1).

Based on graphical evaluation of the direct and indirect sales channels of Svitovyr, using
the improved radar method, the correspondence between the actual and reference values of the
characteristics of sales channels are presented in Table 3.

The analysis of the obtained results for Svitovyr allows us to conclude that exhibition sales has
the largest potential among the direct sales channels, as its level of correspondence between the actual
and reference values of the characteristics is equal to 0.125. According to this model, specialized
hypermarket has the largest potential among the indirect sales channels, as its level of correspondence
between the actual and reference values of the characteristics is equal to 0.067.

The recommended percentage of production distribution between the direct sales channels
calculated on the basis of generalized characteristic indices is the following: 55% for exhibition
sales and 45% for internet sales; whereas the recommended percentage of production distribution
between the indirect sales channels is the following: 67% for specialized hypermarket and 33% for
distribution network.

Actual values of income per unit and actual sales volumes of three-phase and single-phase
transformers for direct and indirect distribution channels of Svitovyr, LLC (Lviv, Ukraine), are
presented in Table 4.

The recommended sales volumes for the three-phase and single-phase transformers obtained on
the basis of the considered model are shown in Table 5.
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Table 5. The recommended sales volumes of direct and indirect sales channels of Svitovyr in 2014
following from the model of determining the sales channels’ potential.

Production Sales Channels  Exhibition Internet  Specialized Distribution
Items Sales Volumes Sales Sales Hypermarket Network

Three-phase Recommended arlmual sales 2167 1773 3404 1686
transformer volume, Qljr j=14
Single-phase Recommended arlmual sales 1836 1502 2132 1050
transformer volume, sz, j=14

The actual annual income of Svitovyr from sales of two types of transformers is 2,196,843 UAH;
after redistribution of production between sales channels, it will be 2,313,626 UAH, i.e., it will be larger
by 116,783 UAH or by 5.32%. The advantage of such a redistribution for the three-phase transformer
will be also discussed in Section 6. It should be mentioned that the model of determining the sales
channels’ potential does not assume the redistribution of the product from direct channels to indirect
and vice versa. The models discussed below allow such a redistribution.

4. The Model of the Optimal Distribution of Production between Sales Channels Based on
Profit Maximization

The model of determining the sales channel potential described in the previous section can be
used for further investigation of sales activity diversification of an enterprise. The results obtained for
the generalized characteristic indices will be used to formulate the constraints in the linear optimization
problem discussed in this section. The objective function of the optimal distribution of production
between sales channels should guarantee the maximal profit:

m n m n (100 —vi)
Z Z Gi]' = Z Z [P,-j X 00 2 (Si + Wij + U,'/' + A,'/' + C,-j)] X Q,-]- — max 3)
i=1j=1 i=1j=1

where:

G;jj is the profit for the i-th assortment item using the j-th sales channel;

P;;  is the price of the production unit for the i-th assortment item with the use of the j-th sales channel;

vy; denotes the discount for the intermediary when the j-th sales channel is used, %;

S; is the prime cost of the i-th assortment item;

Wi; are the costs of warranty repair and guarantee maintenance of the production unit guarantee for
the i-th assortment item when the j-th sales channel is used;

Uj; stands for expected logistics costs per i-th output unit with the use of the j-th sales channel;

Ajj are the administrative costs for the i-th assortment item when the j-th sales channel is used;

Cij denotes the stimulation costs of intermediary for the i-th assortment item in the j-th sales channel;

Qjj is the production volume of the i-th assortment item when the j-th sales channel is used;

m  is the number of assortment items;

n  is the number of sales channels.

Now, we formulate a system of constraints of the linear optimization problem:

(1). In the proposed optimization model, the planned output volume of every assortment item
is equal to or less than the initial output one Wl-beg as its increase leads to the corresponding cost
increase. Hence:

n
N Qi < W, i=T,m @)
j=1

84



Sustainability 2016, 8, 393

(2). Expert interview of sales channels managers of Svitovyr has shown that the channels will
continue the collaboration with this enterprise under conservation of at least 25% of actual sales
volume. Such a constraint is written as:

Ql] O25><Ul] ,i=1m;j=1n (5)

where Ufjeg is the actual sales of the i-th assortment item in the j-th sales channel.

(3). To take into account the potential of each direct and indirect sales channel, we use the results
of their evaluation obtained in Section 2 by the improved radar method, which allows us to calculate
the profitability of each channel. Mathematically, this constraint has the following form:

«
ZQz]—)\]ZZQq/]_l Z Aj=1 (6)
i=1j=1 j=
Y dir
k .
}\j=0(7j./]=1/0C 7)
Z Y;“;”

j=1

where A; is the ratio of the generalized characteristic index Ylj‘di’ of the direct sales channel (see
Equations (2) and (7)); o is the number of direct channels.
Similarly, for indirect sales channels, we have:

ZQU_“]Z Z Qijy j = x+1,m, Z =1 ®)

i=1j=a+1 j=o+l
Y*{ndir
Hj=7 j=ax+1n )
Z Y*md!r
j=ot1

where y; is the ratio of the generalized characteristic index Y4,
(4). The standard constraint of the optimization problems of such a type is the requirement of the
non-negativity of sales volumes:
Qij>0 (10)

Actual data necessary for formulating and solving the corresponding optimization problem for
direct and indirect sales channels of Svitovyr can be found in Table 4. Based on these data, the objective
function is stated as:

164.35 x Q11 + 140.20 x Q1p + 153.90 x Q13 + 115.78 x Q14 + 161.13 x Qpq

11
15246 % Qp + 166.71 x Qo3 + 10142 x Qpq — max (an
The constraints are the following:
Qu + Q2 + Qi3 + Qua < 9050, (12a)
Qa1 + Q22 + Qa3 + Q24 < 6520, (12b)
Q11+ Q21 = 045 x (Q11 + Q12 + Q21 + Q), (12¢)
Q1+ Q23 =033 % (Q3+ Q14+ Q3+ Q4), (12d)
Qu1 =473, (12e)
Q12 =513, (12f)
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Q13 = 455, (12g)
Q14 = 823, (12h)
Qo > 420, (12i)
Qo > 415, (125)
Q3 > 351, (12k)
Qoy = 445. (121

The solution of the optimization problem Equations (11) and (12) ensuring profit maximization
was obtained using the simplex method realized by the computer program [30]. The solution results
are presented in Table 6.

Table 6. The values of optimal sales volumes of direct and indirect sales channels of Svitovyr obtained
in the profit maximization model.

Production Sales Channels  Exhibition Internet  Specialized Distribution
Items Parameters Sales Sales Hypermarket Network

Three-phase Optimal an:}ulal sa?es volume, 5487 1916 455 1192
transformer Q]jr] =14

inele- imal 1 sal 1
Single-phase ~ Optimal annual sales volume, 420 5304 351 445

transformer Q;‘j, j=14

The actual annual income of Svitovyr from two analyzed types of transformers is 2,196,843 UAH;
after optimization, it will be 2,358,439 UAH. The proposed redistribution of production between the
sales channels allows the enterprise to raise the annual income by 161,596 UAH, i.e., by 7.35%.

5. The Model of the Optimal Distribution of Production between Sales Channels Based on
Risk Minimization

The model considered in the previous section takes into account only the last annual income, but it
is worthwhile to account for annual incomes for several previous years, as the experience of preceding
years may be essential for decision-making. Every enterprise tends to maximize its income, but there
appears the admissible risk that the company owner is ready to incur. According to [31,32], risk is
incorporated into different types of decision models, and there are different types of risk management
strategies: risk sharing, risk pooling and risk diversification. Some enterprises are of the opinion that
it is better to restrict slightly their income to a certain level, but to minimize their risks (“safety first”
objectives [31,32]).

In this section, we investigate the diversification of marketing activity from the viewpoint of
minimal risk and formulate the new model of the optimal distribution of product between the sales
channels based on risk minimization. Steady development of an enterprise is also possible under
the use of such a strategy. The solution of the formulated problem can be obtained by adapting
Markowitz’s portfolio theory [33,34] to risk estimation under conditions of using the specified sales
channels. This approach allows us not only to compare the sales channels from the viewpoint of their
profitability, but also to investigate their risk level.

To illuminate the proposed approach, we present the information of Svitovyr about the
profitability of three-phase transformer (Table 7) and single-phase transformer (Table 8) in direct
(exhibition sales, internet sales) and indirect (specialized hypermarket, distribution network) sales
channels during 2010-2014.

The use of Markowitz’s portfolio theory for the investigation of the optimal integration of
sales channels based on risk minimization is motivated by its origin approach to the mathematical
formulation of the relation between profitability and risk.
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Table 7. The values of profit per production unit (UAH) for the three-phase transformer in the sales
channels of Svitovyr.

Sales Channels  Exhibition Internet  Specialized Distribution
Years Sales Sales Hypermarket Network

2010 107.90 100.20 102.00 101.70
2011 134.02 102.70 130.90 114.81
2012 165.72 128.16 145.45 154.47
2013 172.13 135.50 147.98 145.80
2014 164.35 140.20 153.90 115.78

The mean profit value per

production unit during 2010-2014 14882 121.35 136.05 12651

Table 8. The values of profit per production unit (UAH) for the single-phase transformer in the sales
channels of Svitovyr.

Sales Channels  Exhibition Internet  Specialized Distribution
Years Sales Sales Hypermarket Network

2010 117.50 126.20 127.75 109.00
2011 124.44 162.97 154.22 105.78
2012 132.15 170.16 178.40 129.65
2013 175.27 172.35 187.45 133.80
2014 161.13 152.46 166.71 101.42

The mean profit value per

production unit during 2010-2014 142.10 15683 16291 11593

The general stages of implementation of the optimal production distribution between sales
channels based on risk minimization are the following;:

(1) Gathering data about profitability Pi(k> of the selected assortment item in the i-th sales channel
within the span of some period.

(2) Determining the mean value of profitability ; of every sales channel.

(3) Calculating the covariance between profitability of sales channels:

1 & , ,
cov(P;, Pj) = mz (Pfk) - r,')(Pj(H —r),i=Ln,j=1n, (13)
k=1

where N is the number of periods (years).

(4) Arranging a symmetric covariance matrix of the profitability of sales channels:

A A . Ag
Alcov) — Ay Ap .. Ay (14)
Anl AnZ Ann

where A j; = cov(P;, P;).
(5) Finding the inverse matrix A(cov)™1.
(6) Calculating the mean squared deviation based on the percentage relation between the sales

channels. The essence of the considered model of the optimal production distribution between the
sales channels consists of risk minimization. If x; denotes the part of the production distributed
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using the i-th sales channel, then the mean squared deviation, which reflects the risk level of the
sales channel, is written as:
o =X-Acov) "X, (15)

where X is the vector with components x;; X” is the transpose of the vector X; A(cov) ™! denotes the
matrix inverse to the covariance matrix.
The problem formulation, including the objective function and constraints according to the
Markowitz model [35]:
o =X-A(cov)"t-XT — min,

n
2 %=1 (16)
P

x;=20,i=1,n.

(7)  Solving the optimization problem (finding the optimal production distribution between sales
channels that ensures minimal risk).

We will illustrate the described approach by the study of the profitability of sales channels for
Svitovyr. The necessary input data for the formulation of the optimization problem are presented in
Table 9 for the three-phase transformer.

Table 9. Covariance of profitability of sales channels for Svitovyr (sales of the three-phase transformer).

Exhibition  Internet  Specialized Distribution
Sales Channels Sales Sales Hypermarket Network
Covariance
Exhibition Sales 740.9 469.8 545.9 486.0
Internet Sales 469.8 349.3 346.4 251.0
Distribution Network 545.9 346.4 433.8 301.6
Specialized Hypermarket 486.0 251.0 301.6 505.4
The covariance matrix takes the form:
740.9 469.8 5459 486.0
469.8 3493 3464 251.0
A = 17
(V) =1 5450 3464 4338 3016 (17)
486.0 251.0 301.6 505.4
The inverse matrix is calculated as:
3362 —14.05 -23.01 -11.62
_ 1 —14.05 7.25 8.54
A T . 18
(V)" =305 | 2301 854 1697 7.6 (18)
~11.62 481 776 436
The objective function of the optimization problems is written as:
33.62 —14.05 -—-23.01 -11.62 X1
—-14.05 7.25 8.54 4.81 X .
o= % X X | v ssa 1697 776 xn | (19)
—-11.62 481 7.76 4.36 X4
or:
o= 33.62x% —28.10x1xp — 46.02x1x3 — 23.24x1x4 + 7.25x§+ 20)

+17.08x2x3 + 9.62x0x4 + 16.97x2 + 15.52x3x4 + 4.36x3 — min.
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The constraints are the following:
X1 +x0+x3+x4=1 (21)

x120,x%2=20,x3=20 x>0 (22)

The convexity property of a quadratic form ensures that any local minimum must be a global
minimum. A quadratic optimization problem is convex if and only if the inverse covariance matrix
in the objective function is positively defined, i.e., its eigenvalues are positive. In our case, the
characteristic polynomial of the inverse covariance matrix:

A — 622003 +171.320% — 73.18A +3.63 = 0 (23)
has the following roots:
A = 0.05707 > 0, Ay = 0.45535 > 0, A3 = 2.35422 > 0, A4 = 59.33336 > 0. (24)

Hence, the objective function is positively defined.
The problem is solved using the Lagrange multipliers: to find the minimum of the function:

L = 33.62x3 — 28.10x1x, — 46.02x1 x5 — 23.24x7 x4 + 7.2523 + 17.08xpx3+

25
+9.62x7x4 + 16.97x§ +15.52x3x4 + 4.36xﬁ —A(x1 +x2 +x3+x4 —1) > min. @5
The conditions of existence of an extremum read:
SL — 67.24x) — 28.10x; — 46.02x3 — 23.24x, —A = 0,
% = —28.10x1 + 14.50x, + 17.08x3 + 9.62x4 — A =0, 26)
(% = —46.02x7 + 17.08x + 33.94x3 + 15.52x4 — A =0,
AL — —23.24x) +9.62x3 + 15.52x3 + 8.72x4 —A = 0.
From system Equation (26), we obtain:
x1 = 11.14A, xp = 7.12A, x3 = 8.14A, x4 = 7.48\ (27)

Inserting these values of x; in the constraint Equation (21), we get that A = 0.0295; hence, the
optimal production distribution (for the three-phase transformer) between the sales channels of
Svitovyr will be the following:

X1~ 033, xp ~ 0.21, x3 ~ 024, x4 ~ 0.22, (28)

i.e., 33% for Exhibition sales, 21% for internet sales, 24% for specialized hypermarket and 22% for
distribution network. Based on data presented in Table 7, a similar optimization problem can be also
solved for the single-phase transformer.

6. Comparison of Predicted Income

Analyzing three models of the diversification of sales activity shows that every model gives the
possibility to optimize the product distribution between sales channels. The owner or top-managers,
which have the right of decision-making, decide about the global strategy of enterprise development
taking into account the peculiarities of the competitive position, the market environment situation, etc.
Table 10 shows the prediction results for sales of the three-phase transformer on the bases of the three
discussed models of distribution channels” diversification.
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Table 10. Results of the diversification of sales channels for Svitovyr using different models (sales of
the three-phase transformer).

Recommended Sales Volume for Sales Channels

Model Exhibition Internet Specialized Distribution  10tal Income,

Sales Sales Hypermarket Network UAH

Pieces % Pieces % Pieces % Pieces %

Determining sales

. 2167 24 1773 20 3424 38 1686 18 1,326,880
channel potential

Optimal production

distribution between

sales channels based
on profit maximization

5487 6l 1916 21 455 5 1192 13 1,378,446

Optimal production
distribution between
sales channels based
on risk minimization

2986 33 1901 21 2172 24 1991 22 1,322,058

Actual sales volume
(2014)

Actual profitability per
production unit, UAH 164.35 140.20 153.90 115.78
(2014)

1890 21 2050 23 1820 20 3290 36

1,259,046

As can be seen from the presented calculations, all three models predict the excess of the total
income in comparison with the actual income (by the example of the three-phase transformer); this
testifies that every model can be used. The largest total income is predicted by the model based on
profit maximization, whereas the model based on risk minimization predicts the least total income
(though larger than the actual one). The model of determining sales channels potential predicts that
the product redistribution between sales channels allows the firm to increase the annual income by
67,834 UAH or by 5.39%. According to the model based on profit maximization, the annual income
will increase by 119,400 UAH or by 9.48%. The model of optimal production distribution between sales
channels based on risk minimization forecasts the increase of annual income by 63,012 UAH or by 5%.

7. Verification and Comparison of Models

The model of determining the sales channel potential is a general-purpose tool for all kinds and
types of enterprises (large, medium, small). This model is simple in use, reveals the sales channel
potential, covers a wide spectrum of estimated parameters and takes into account the weight of
each parameter. The use of the model lays down no special technical requirements. The processing
of results is conducted by simple analytical methods using graphical tools (Excel environment or
some analogue). The considered model includes qualitative and quantitative characteristic criteria.
We have proposed the quantitative measurement of qualitative criteria using expert estimation. Such
an estimation assumes that independent experts synthesize information by quantitative evaluation of
a criterion that characterizes the compared sales channels. For example, a level of service and a level of
production presentation by sales personnel is evaluated by a secret shopper according to the 10-point
grading scale. Similarly, the competence and professionalism of management personnel is estimated
on the basis of the interview of top-management representatives according to a 10-point grading scale.
For Svitovyr, LLC (Lviv, Ukraine), such an estimation was carried out in 2014. The shortcoming of this
model consists of the possibility of giving rise to inadequate or “warped” information; the more so as
the data volume required for getting relevant data in each sales channel is sufficiently large. To ensure
a well-grounded and balanced management decision, such studies should be conducted systematically,
in the dynamics, immediately determining undesirable changes in sales channels.
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The model of the optimal distribution of production between sales channels based on profit
maximization ensures the maximal profit of an enterprise by choosing the most profitable sales
channel. The advantages of this model are the following: the accuracy of the obtained results, a high
level of their processing, the possibility of formulating additional constraints according to the needs
and interests of a company, the possibility of comparing current and potential sales channels, the
possibility of changing undisciplined intermediaries and redistributing production into more profitable
direct and indirect sales channels. The shortcomings of the considered model are connected with the
need to have specialists in linear programming, the risk of sales channel “overestimation” and the
failure to take account of dynamic conditions.

The model of the optimal distribution of production between sales channels based on risk
minimization is helpful for enterprises of those countries, the economy of which develops under
indeterminate and chaotic conditions. This model can also be used when the product life cycle is at
an initial stage and when an enterprise tries to enter into a new market where gathering information is
complicated and there is high probability of product “aversion” by customers. The advantages of this
model consist of the balance of risks and profits in the selection of the optimal sales channel and in
elimination of the influence of subjective factors. The shortcomings of this model are connected with
the threat of profit deficiency due to “underestimation” of the future sales channel potential and with
the need of invoking experts-mathematicians to formulate a one-off optimization problem or the need
for employing one’s own specialists in this field.

8. Conclusions

Steady development of an enterprise is ensured by harmonious, synchronous and complementary
realization of all of the directions of company activity. Our paper is devoted to one of such directions:
sales activity. Mathematical modeling provides the tools for the optimal choice of sales channels based
on diversification. Three models of such a choice have been proposed: the model of determining
sales channels’ potential, the model based on profit maximization and the model of the optimal
production distribution between sales channels based on risk minimization. The first model allows us
to throw light on the potential of sales channel, to show the peculiarities of its use and to introduce the
qualitative and quantitative characteristic criteria for comparing direct and indirect sales channels.

To ensure steady development of a company, it is necessary not only to determine the key
parameters of sales channels, but also to provide high profitability of every assortment item, as well
as high profitability of the whole enterprise. The second model solves this problem as a problem of
linear optimization. At the same time, the second model takes into account only current profitability
and does not consider the comparison with the previous periods. This aspect is investigated by the
third model based on accounting for the experience of the previous periods and risk minimization.
The use of every model forecasts larger income than that brought by the current product distribution.
The proposed models can be used by individual enterprises, as well as by consulting companies that
offer facility for analysis and optimization of sales activity.
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Abstract: The current approach to business management focuses on increasing the performance of
business processes. To achieve the required processes performance means to ensure the required
quality and capability of processes. The partial aim of this paper is to confirm the positive effects
of the Six Sigma methodology (SSM) on the corporate performance in the Slovak Republic and
an investigation of the dependency of SSM implementation on the certified quality management
system (QMS) as a set-forward condition via a questionnaire survey carried out in Slovak industrial
enterprises. The survey results confirmed the above-mentioned assumptions. The SSM using DMAIC
(Define-Measure-Analyze-Improve-Control) was applied in real conditions of two manufacturing
enterprises with a different level of quality management system. The results of the research study
proved a possibility to implement SSM and to use the same methods in enterprises aside from a
level of QMS. However, more remarkable results were achieved by the enterprise which introduced
QMS. The first application of SSM in enterprises within specific conditions of furniture production
processes can be considered to be a contribution of the research study, as well. The result of the work
is the model including the methodology and the appropriate combination of methods and tools for
assuring the sustainable performance of the business processes.

Keywords: process performance; Six Sigma; sustainable improvement; furniture manufacturing

1. Introduction

Due to the increased pressure of globalization upon the world market, business competitiveness
is currently dependent upon the innovative abilities of companies, not only in the area of products but
also in processes. One modern approach is based on corporate performance measurement by means of
internal process performance measurements. Companies are, therefore, shifting more and more of their
attention from the quality of products to the performance and quality of internal business processes.

The performance of business processes represents achieving the required results in a given process,
and its size is expressed by the difference between the actual and the required results. The performance
of the process is evaluated by comparing actually achieved and required value of the stated index of
the process, which can be the duration of the process, costs for the process, the quality of the process,
added value, the number of skills, and the number of innovations.

To make the required process performance sustainable their capability must be assured, i.e., the
required process quality. Correct decisions play an important role in the quality assurance process
and they shall be based on the situation analysis using appropriate tools and methods of operational
management and quality improvement. The Six Sigma methodology (SSM) is used as the process
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quality assurance and improvement method, as its implementation has achieved significant cost
reductions, mainly in the machine, automotive, and electric and technical industry.

Successful results in an automotive industry after implementation of the Six Sigma methodology
(SSM) are presented in studies [1-3]. Benefits of using SSM in achieving the required process capabilities
improvement, hence improving the system stability, were presented by Al-Agha et al. [4]. The highly
useful role of Six Sigma for small and medium enterprises was justified by Kaushik et al. [5]. The main
idea of successful leadership to achieve sustainable competitive advantage to ensure the quality of
service by using SSM was reviewed in the paper of Rabeea et al. [6].

Six Sigma has been applied not only in the industrial enterprises but also in the area of the
services, health, and public administration, both in the private and public field, where there is a strong
orientation on the customer, quality, time, and performance [7].

Six Sigma originated in the 1980s as a corporate strategy containing a set of techniques for
improvement of manufacturing processes and the elimination of defects in the Motorola company. The
main goal of the strategy was to minimize the dispersion of the characteristics critical for quality of the
manufactured products and performed processes and setting of the average values approaching the
target values defined by the customers. The application of SSM brought about changes within a short
time, leading to the reduction of defects in the products using the same labor, technology, and design,
while consuming less cost. Thanks to the strategy, Motorola gained the leading position in the area
of the quality and was awarded the Malcom National Quality Award. Many worldwide enterprises
like Toyota, Ford, BMW, Hilti, Shell, General Electric, Honeywell International, Caterpillar, Raytheon,
and Merril Lynch have successfully applied this methodology [4]. General Electric was one of the first
companies adopting the SSM from Motorola and in the three years since introduction they calculated
that the method had saved them $750 million, net, after subtracting all costs, including the cost on
the method.

Based on a case study done by Nilmani and Shidhar in a firm producing automotive components,
the company was able to improve the process yield from 44% to 90% after applying SSM [8]. The
process capability sigma level improved from 2.91 to 4.43 sigma [9]. According to Gibbons, by
applying Six Sigma in a well-known manufacturing company in the United Kingdom, overall
equipment effectiveness improved significantly from 40% to 85% [10]. He also concluded that using the
DMAIC (Define-Measure-Analyze-Improve-Control) approach provided a systematic improvement
and problem-solving process. Moreover, this kind of process improvement approach resulted in a
sustainable and stable process.

Experience of Slovak and Czech enterprises has proven that, for example, processes in
manufacturing companies in the automobile industry with an already established quality assurance
system are at an average level of around 3.5 to 4 sigma. In this case, an improvement in the firm'’s
processes by 0.2 sigma represents economic benefits in the amount of 1% of company income.

Six Sigma processes show a proven approach for businesses and organizations to improve their
performance and that sustainability programs are in need of this operational approach and discipline.
Six Sigma helps a business leader design a sustainable program for value creation [11].

Research from several authors, as well as experience from companies, have shown that Six Sigma
provides process performance on a high and sustainable level. The authors of the paper have chosen,
out of all existing concepts, just this one to create a model of sustainable process performance.

The first aim of the work was to prove the positive effects of the Six Sigma concept on the
corporate performance of the enterprises in the Slovak Republic and investigate the dependency of SSM
implementation on the implementation of a quality management system as a set-forward condition.
To meet the purpose, a primary quantitative survey using a questionnaire method was carried out.
The aim resulted from several studies dealing with effects of SSM on corporate performance [12,13]
and investigating the relationship between certified QMS and SSM [14-16]. The results of the studies
were the inspiration behind our research hypotheses.
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The goal of the paper is to introduce the Six Sigma concept in the companies with a different level
of quality management system and find out the effect of the process performance. The result of the
work is a model, including the methodology and the appropriate combination of the methods and
tools for assurance of the sustainable performance of the business processes.

2. Material and Methods

The purpose of this study has arisen by the idea how to ensure sustainable quality and
improvement of production processes. The first step was the study of the theoretical and latest
scientific knowledge. Based on the study, the goal and methodology of the primary research was
stated. The research results led the authors to create the purpose and procedure of the application in
the real conditions of enterprises.

2.1. Literature Review

The name of the “Six Sigma” methodology comes from statistics where o means standard
deviation. The term “Six Sigma” refers to the ability of highly-capable processes to produce output
within specification. In particular, processes that operate with six sigma quality produce at defect levels
below 3.4 defects per (one) million opportunities [4]. According to [2—6] a Six Sigma is a statistical
measure of process capability, which is equivalent to 99.99966% of good parts.

According to Topfer et al. [17], Six Sigma has two dimensions which are:

e  Six Sigma, as project management, with sound statistical foundations and effective quality
management tools, which contain:

- systematic methodology—DMAIC and DMADV (Define-Measure-Analyze-Design-Verify),
- project and process management,

- aset of tools—process analysis for resolving problems, statistics,

- philosophy and quality culture at a zero defect level.

e  Six Sigma, as a statistical concept for measurement, is based on the principle that there are no
more than 3.4 errors in the process per million chances, whilst taking into account the complexity
of products and processes.

There exist several definitions of Six Sigma, as a concept, which were summarized in the paper by
Simanova [18]. Based on studies of the opinions of individual authors of Six Sigma methodology, we
may state a concordance of opinions that Six Sigma is an approach or system which, by combining
the use of statistical methods, understanding customer requirements, and decreasing the variability
of processes, leads to an improvement in processes and increases their level of perfection which is
expressed by a maximum number of 3.4 faults per million chances.

The literature review of a lean six sigma for the manufacturing industry was provided by
Albliwi et al. [19]. It is based on a review of papers published in the top journals, which resulted
in definitions of limitations and impending factors before starting an implementation process of SSM.

Limitations and impending factors before starting a SSM implementation process were also
presented in [20,21]. According to Kuvvetli et al. a project selection and its scope, quality culture, and
defining and measuring metrics were determined as the top factors that affect success levels of six
sigma projects [20]. The study of Arumugam et al. has shown that technical and social supports jointly
affect the success of Six Sigma implementation [21].

The relationship between certified quality management system and SSM was investigated in the
studies [14-16]. The results of literature review performed by Karthi ef al. point to little work carried
out on integrating Six Sigma and ISO 9001 standards. The synergy of implementing ISO 9001 standards
and Six Sigma has been eluding contemporary organizations [14]. The work of Chiarini deals with
differences between requirements of ISO 13053 aimed to standardizing SSM implementation and the
actual practises of companies by implementing Six Sigma [16].
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If we compare the contribution of Six Sigma from various sources [1-6,9,22-25], it is clear that
deployment of this methodology in companies brings increased performance, increased productivity,
increased competitiveness, and growth in market share, whilst retaining loyal customers and obtaining
new, decreased production costs by decreasing the proportion of costs for repairs and disposal of
non-conforming products, new product designs, and, growth in the qualifications and professional
level of employees. The study by Aldowiasan, focusing on Six Sigma performance for non-normal
processes, showed that less variation reduction was required to improve exponentially distributed
processes [26]. Chao-Ton and Chia-Jan classified the benefit of SSM into hard saving involving tangible
outcomes in relation to cost and revenue, and soft savings, involving actual improvements in efficiency,
quality, and cash flow [27].

Six Sigma has two key methodologies: DMAIC and DMADV. DMAIC (Define-Measure-Analyze-
Improve-Control) is used to improve an existing business process, and DMADV (Define-Measure-
Analyze-Design-Verify) is used to create new product or process designs for predictable, defect-free
performance [28].

DMAIC procedure has been described in several studies concerning application of Six Sigma
methodology [1-11]. Steps of DMAIC procedure endeavor to adopt a smarter way of doing things so
as to minimize the occurrence of errors. It emphasizes doing things right the first time, rather than
spending effort on correcting errors [29].

The tools used by this procedure focus on minimizing the general causes of errors, increasing
the quality of process outputs, decreasing operational costs, increasing process performance, and
eliminating faults caused by other factors. It also involves the use of statistical methods, quality
improvement techniques, and the scientific method, as well [30]. The study of Prashar deals with the
use of non-statistical Shainin DOE (Design of Experiments) tools to simplify the quality improvement
initiative and its incorporating within SSM [31]. The suggestion to implement Poka—Yoke technique in
DMAIC phases is the result of the work done by Vinod et al. [32].

The summary of the most often used methods and tools in the methodology Six Sigma with
classification to individual phases of the improvement model DMAIC in accordance with the
recommendation of the authors [1-4,17,27-33] was made. It can be found in Table A1 in Appendix of
this paper.

2.2. Analysis of the Current Situation in Slovak Enterprises—Methodology of the Research

The current situation in the area of process performance management has been analyzed through
primary quantitative research in Slovak enterprises using the questionnaire method. The main research
objective was the analysis of using traditional and modern methods and tools for process performance
management and measurement in Slovak enterprises from selected industrial branches.

In the first step a database of enterprises data has been created. The information sources came
mostly from the Internet databases and Statistical Bureau. The database size comprised 2235 enterprises
from branches of engineering, construction, automotive, and wood-processing industries. By means of
Internet applications an online questionnaire has been created and distributed to 1500 enterprises.

Questionnaire questions were divided into three areas: common characteristics (branch, region,
ownership, number of employees, activity orientation, type of production organization), financial
results (turnover, indicator ROE), and area of internal processes, production, and quality. Questions
concerning internal processes were as follows:

e  What qualitative level corresponds with implementation of processes in your company?

e What level of elaborated process map does your company have?

e  What methods are used in process management in your company?

e  What indicators for production process performance measurement are used in your company?
e  What indicators for evaluation of employee performance in processes are used in your company?
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e  What internal processes and their indicators are regularly measured and evaluated in
your company?
e  What certification of quality management system has got your company?

Data collection was carried out in the first quarter of 2013 and an online database for data
collection was created. Number of returned questionnaires was 164, which is a representative sample
in the research. Selected results have been published by authors [34-36].

One of the research objectives was the analysis of using the methods and tools for securing of
process quality (capability) in Slovak enterprises from selected industrial branches.

The following hypotheses were set for the questionnaire survey:

e HI: There is a positive dependence between the application of Six Sigma and the amount of return
on equity (ROE).

e  H2: There is a positive dependence between the application of Six Sigma and the implementation
of quality management systems (QMS) according to the standards of ISO 9001.

Investigation of a dependency between SSM and QMS according to the standards ISO 9001 was
suggested after the assumption that QMS according to the standards ISO 9001 is focused on ensuring
and improving the process quality and it creates the basic prerequisites and necessary conditions for
implementation of Six Sigma. The next reason was finding if enterprises without certified QMS have
implemented the Six Sigma concept.

Results of the survey were processed by the application of several scientific methods of analysis,
synthesis, deduction, and comparison. Another group of applied methods include mathematical
methods focusing on the calculation of absolute, relative, and cumulative frequencies of the answers.
Cross-tabulations were used for the structural analysis of the relations and causalities.

The chi-square independence test (x?) was used for hypotheses verification. It is necessary to
create alternative hypotheses alongside with the principal hypotheses for testing:

e HO0yq: “There is no dependence between the application of Six Sigma and amount of the return on
equity ROE.”
e  HO0,: “There is no dependence between the application of Six Sigma and implemented QMS.”

For independent phenomena it is applicable: A, B applies to P(A n B) = P(A) P(B); therefore, it is
inevitable to compare the empirically-determined frequencies n;; with expected frequencies.
Estimated theoretic frequencies:
A =mn; +n (€]

7. j=nj+n )
and estimated theoretic compound probability:
ﬁfj:ﬁi_xﬁ.j:ni_><n><n_j><n:n,~_><n_]~><n2 3)
Therefore, the estimation of theoretic frequency is:
n',-j = 7jj = (n X Mj, X n_j) n? = (nf_ X n_]-) =n (4)
Equation (4) shall be interpreted as a rule used for the calculation of the expected values:

Expected frequency = sumincolumn /total sum x suminline 5)

Test statistics were calculated according to the following formula:

)2
) WA I L ®)

7’11‘]'
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under the assumption of the independence of symbols X and Y, for sufficiently high 7, the approximate
Pearson X2 (v) is a distribution with degrees of variance v = (r — 1)(s — 1). (n;j are empirical frequencies,
n’j; are theoretical, i.e., expected frequencies). We decline the hypothesis about the independence of
the symbols X and Y if:

x> =x3_ . (v), wherev = (r—1)(s—1) (7)

2.3. Application Proceeding of Six Sigma Conception in Enterprises

The choice of enterprises for application of the Six Sigma concept resulted from findings in
the questionnaire survey. The focus was on industries where enterprises do not use the SSM and
achieve a low performance (ROE). To verify the generality of the SSM, regardless of the level of quality
management system, the enterprises with a different level of quality management were chosen.

For the proposed elaboration on how to implement the Six Sigma methodology, the DMAIC
phases were followed. In the respective phases of the DMAIC procedures, we carried out a selection
of the methods and tools so that all members of the project team would be able to apply them and
no special training or methods would be necessary for respective kind of production [18]. The key
components of the DMAIC cycle can be seen in Figure 1.

Figure 1. Key components of the DMAIC cycle.

In the Definition phase it is necessary to identify the problem, the connection of the process
with the requirements of the customer, form a project team and define goal and target level of critical
characteristics of the process quality.

A critical process and a specific problem in the process were identified by the defect analysis in the
process. Defects were divided into material and technological. The DPMO value, the process efficiency
as a total output revenue, and a level of Six Sigma were calculated. DPMO (Defects Per Million
Opportunities) denominates the number of defects that occur per one million opportunities at the
development or manufacturing of a product and can be calculated according to the following formula:

number of defect products 6

DPMO = total number of products x number of opportunities per defect *

()
PPM (Parts Per Million) denominates defects rate, i.e., the numerically-identified number of defects,
and those that really occurred, after manufacturing. Defects rate (PPM) is expressed by complementary

quantity, thus, by the proportion of units without defects to the value one.
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OFD (Opportunities For Defects) is a probability of defects of one unit, which describes how
many places defects can occur.

Measurements of the defect frequency, according to the DPMO, and Sigma criteria can distinguish
the level of the process in regard of the defect frequency at the output and identify critical, bottleneck
points in the processes.

Subsequently, a critical process map, SIPOC, was elaborated (Suppliers-Inputs-Process-
Outputs-Customers). SIPOC is a process map that helps understand and identify process boundaries
and key processes to ensure focus only on the customer [9].

The target of the defined critical process and the final level of Six Sigma was determined in the
project charter proposal. The project charter contains an outline for the problem definition, project
team, time duration, and project target.

The objective of the phase Measurement is to gain relevant data about critical processes by
measurement of the key process attributes so that the problem area could be defined. In this phase,
potential sources for non—conformity in the process are identified. In the first phase, the quality index
of the critical process was determined and a number of measurements were done to find out the
capability of the process. The following methods were used:

- The measurement plan by Pande et al. [22]: five-phase methodology for measurement plan.

- Capability indexes Cp and Cpy: critical process capability evaluation in terms of keeping specified
or expected limits and an average value (see [4,18,37]).

- Histograms as a visual synthesis of frequency distribution and process variability.

Modules of descriptive statistics, industrial statistics, and Sigma process analysis were used for
the calculations.

In the phase Analysis, the attention is given to the data analysis and dependence verification of
type cause and effect, process comprehension with the objective to find out the key problem causes.
The following methods were used at the application in enterprises:

- Brainstorming: looking for causes of critical process incapability.

- Diagram of causes and effects—Ishikawa diagram: graphical visualization of coherence between
the problem and causes or possible solutions.

- Method FMEA (Failure Mode and Effect Analysis): analysis of the occurrence of failures, possible
causes and effects for the customer.

In the phase Improvement, solutions to eliminate problem causes are proposed, carried out and
verified. The applied methods:

- An action plan and diagram: solutions to eliminate the identified cause of failures and an
improvement of the critical process.
- Repetitive measurement of the critical process and the calculation of process capability indexes.

In the final phase Control, the results from the previous phases are evaluated, processes are
continually followed and the process control is carried out so that any variation from the target
value would be corrected before the effect of failure (non-conformity) occurs. The appropriate
implementation of the changes and improvements with the objective of the sustainable improved
condition is controlled. The applied methods include:

- QFD method (Quality Function Deployment): customer requirements are deployed into the
product characteristics and critical process outputs.

- Affinity diagram serves for identification of logical or causal connections between the problem
elements [13].

The applied procedure of the SSM in the companies was verified by the efficiency evaluation
of Six Sigma in the companies with a different level of quality management. For that purpose, the
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hypothesis was tested: “Implementation of Six Sigma methodology would decrease the cost on claims
and non-conformities by at least 10%”. Verification of the hypothesis was carried out through economic
evaluation of the proposal based on the calculation of the cost of defects and through the calculation of
DPMO, process efficiency, and Sigma level after the application of the model. We used the method of
economic results comparison to compare the original and current situation of the critical processes.

3. Results and Discussion

3.1. Questionnaire Survey Results

This part presents the questionnaire survey results that show the rate of Six Sigma utilization
in the enterprises in Slovakia structured according to the industrial branches, company sizes, and
product types.

Cross-tabulation (Table 1) depicts the absolute and relative frequency of the utilization of the Six
Sigma method in individual groups divided according to the following factors: production type, the
number of employees, implemented quality management system according to ISO 9001 standard, and
the application of process management in the industrial branch.

Table 1. Cross-tabulation for Six Sigma and chosen variables.

Using Six Sigma
yes no

Frequency absolute relative absolute relative

mass 2 1.22% 29 17.68%

Job-work 0 0.00% 36 21.95%

Production type Small-lot 2 1.22% 16 9.76%
Non production 0 0.00% 58 35.37%

activity

batch 6 3.66% 15 9.15%

1-10 0 0.00% 50 30.49%

Emplovees 11-50 0 0.00% 47 28.66%
proy 51-250 1 0.61% 32 19.51%
over 250 9 5.49% 25 15.24%

yes 9 5.49% 62 37.80%

QMS no 1 0.61% 92 56.10%
Process yes 10 6.10% 113 68.90%
management no 0 0.00% 41 25.00%
Automotive 4 2.44% 12 7.32%

Pulp and Paper 1 0.61% 1 0.61%

Woodworking 0 0.00% 21 12.80%

Electrical 1 0.61% 7 4.27%

Industry Construction 0 0.00% 15 9.15%
Engineering 2 1.22% 28 17.07%

Wood cutting 0 0.00% 5 3.05%

Furniture 0 0.00% 11 6.71%

Other 2 1.22% 54 32.93%

Source: own processing.

The results show that only 10 enterprises out of 164, which is 6.1%, utilize Six Sigma methodology
at the process management level since all those companies apply a process approach towards
management. 40% of all companies utilizing the Six Sigma method belong to the automotive industry
branch, whereby this industrial branch is one of the most productive within the Slovak market. The
majority of the companies (60%) utilizing the Six Sigma method have a serial production. 90% of them
employ more than 250 employees and have implemented ISO 9001 standards.
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Tables 2 and 3 demonstrate the measured and expected frequencies in the respective groups to
verify H1 hypothesis: there is a positive dependence between the application of Six Sigma and amount
of the return on equity ROE.

Table 2. Empirical frequencies for ROE.

Using Six Sigma
yes no
Frequency absolute relative absolute relative
yes 5 3.05% 26 15.85%
ROE over 7% no 5 3.05% 128 78.05%
Total 10 6.10% 154 93.90%
Source: own processing.
Table 3. Expected frequencies for ROE.
Using Six Sigma
yes yes
Frequency absolute relative absolute relative
yes 1.89 1.15% 29.11 17.75%
ROE over 7% no 811 4.95% 124.89 76.15%
Total 10 6.10% 154 93.90%

Source: own processing.

The data were processed by Statistica 10 software (Prague, the Czech Republic), which created
results of the Chi-square test presented in Table 4. Based upon the data, we can state that the value p is
lower than the level o = 0.05; therefore, we decline the null hypothesis about the independence with
95% probability and accept the H1 hypothesis; thus: “There is statistically relevant dependence between the
application of Six Sigma and amount of the return on equity ROE”.

Table 4. Results of Chi-square test for ROE.

Chi- square statistics Variance rate Value p
Pearson’s chi-square test 6.718157 1 0.00954
M-V chi-square test 5.312536 1 0.02117

Source: own prOCeSsingA

Tables 5 and 6 present the measured and expected frequencies of the groups to verify H2
hypothesis: “There is a positive dependence between the application of Six Sigma and implemented
quality management system according to the standards ISO 9001”.
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Table 5. Empirical frequencies for QMS.

Using Six Sigma
yes yes
Frequency absolute relative absolute relative
yes 9 5.49% 62 37.80%
Implemented QMS no 1 061% 9% 56.10%
Total 10 6.10% 154 93.90%
Source: own processing.
Table 6. Expected frequencies for QMS.
Using Six Sigma
yes yes
Frequency absolute absolute absolute absolute
yes 4.33 2.64% 66.67 40.65%
fmplemented QMS no 5.67 3.46% 87.33 53.25%
Total 10 6.10% 154 93.90%

Source: own processing.

For the calculation of the value p, Excel software was used, which uses formulas for the Pearson
Chi-squared test. Test significance (value p) is on the level 0.002096317, which is lower than « = 0,05,
and proves the statistic dependence of variables. The Chi-squared test can be applicable when all
table cells are filled, at least 80% of the theoretical frequencies apply to n;; > 5, and the remaining
theoretical frequencies are n;; > 1. However, in this case, the conditions of good approximation were
not kept and, at the same time, it is not possible to join the groups; therefore, it is necessary to complete
the research with further data so that hypothesis H2 would be confirmed. It is not possible to confirm
statistically relevant dependence among the searched variables. Nevertheless, the value p indicates a
possibility to examine this dependence using a major sample of respondents. The cross-tabulations
show that in 90% of the variables, Six Sigma is applied in those companies which have certified QMS
according to the standards ISO; on the other hand, this shall not be a condition for Six Sigma utilization.

3.2. Results of Six Sigma Application in Real Conditions of Enterprises

Six Sigma methodology, according to the DMAIC phases, was applied in two enterprises dealing
with furniture production with a different quality management system (QMS): a company with a
certified QMS according to the ISO 9001:2008 standard (hereafter, the Company) and a firm without
a certified QMS (hereafter, the Firm). The Company belongs among large companies with a series
production and is a part of a multinational concern. The Firm belongs to smaller enterprises with the
custom production of interior bespoke furniture.

The enterprises from the furniture industry were chosen from several reasons. According to
the results of the primary research, no furniture company uses SSM, enterprises reach the lowest
performance among analysed industrial branches, and most furniture companies are micro- and
small-sized without certified quality management systems.

The specific features of furniture production process had to be considered by proposal of
SSM implementation procedure. From the technologic-organizational view the process of furniture
production is divided into two phases bounded by a buffer store. The buffer store has a control
and organizational function. The first phase includes a production of particular furniture parts.
Inputs of this phase representing primary inputs for the whole production process are wood-based
panels, saswnwood, and decoration materials. Materials are divided to dimension timber, which are
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synchronized with forms of parts. The next step is a form and construction treatment involving
pressing, sanding, and milling. The last step of the first phase is a surface preparation. The second
phase of production process is represented by joint of two groups of operations: surface finishing and
furniture assembly. The basic model of production can have more variants in dependency on type of
production input materials, technology, and product.

Having analyzed the input conditions in the enterprise and the options of usage of individual
methods, the results of the applications were as follows:

3.2.1. Phase D—DEFINE

The critical process was identified by the defect analysis in the production process. The
calculations of DPMO, process efficiency, and a sigma level were applied. The defects which appeared
in the processes were divided into material and technology defects.

The worst values in the Company occurred in the process of pressing which was identified as
critical. The efficiency of the pressing process range from 81.0165519% to 92.7540334% and the sigma
level moves from 2.38 to 2.96 which means the process is not stable. The average values are given in
Table 7. The defects in the pressing process were caused mostly during glue application representing
70.84% from the total defect number.

Table 7. Average values of DPMO, efficiency, and sigmas of selected processes in the Company.

Process DPMO Efficiency in % Sigma
Pressing 107,536.58 89.2666268 2.7
Side gluing 2802.89 99.7348749 4.3
Surface finish 1429.76 99.8600916 4.7
Assembly and 776459 99.2360674 41
manipulation

Source: own processing.

The worst values in the Company’s parameters occurred in the process of sanding. According
to DPMO 197,629.13 defects per million opportunities resulted, with the output value of the sanding
process expressed as the average value of efficiency was 80.23% and achieved the average sigma value
of 2.36. The average values are given in Table 8. The most numerous group of defects at sanding were
material faults, which occurred before the procedure of primer varnish coating and represented 71.5%
out of the total number of defects.

Table 8. Average values of DPMO, efficiency, and sigmas of selected processes in the Firm.

Process DPMO Efficiency in % Sigma
Sanding 197,629.13 80.2370870 2.36
Side gluing 49,407.28 99.7361300 5.48
Surface finish 26,388.71 97.3611296 3.47

Source: own processing.

Next SIPOC diagrams of the critical process were created for the process of pressing in the
Company, and for the process of sanding in the Firm. Lastly, the proposal of the project charter was
formulated. The selection of the project was based on the requirements of the enterprises to stabilize
and improve the process which is the most defective and where the enterprise can save at least 10%
of costs on defective products. The primary aim of the projects in both enterprises was to state the
decrease on the defective products. The basic information from the project charter for the Company for
the critical process of pressing, and for the Firm for the critical process of sanding, are stated in Table 9.
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3.2.2. Phase M—MEASURE

In the phase of measuring, the quality measure was defined in the due critical process and series
of measurements (12 series by 10 measurements) was carried out. Variability of critical processes via
capability index calculations was found out by measuring the defined quality measure.

In the Company, in the operation of gluing within the critical process of pressing, the weight of a
glue layer on one side of a part in grams was, consequently, calculated to g/ m? was defined as the
quality measure. Measured values of weights of glue coating were used to state the process variability
by calculation of capability index Cp and capability index Cp, where the upper standard level (USL)
of the weight of the glue coating was defined as 56 g/m? and the lower standard level (LSL) of the
weight of the glue coating as 48 g/m?. Figure 2 shows the distribution of interval frequency of weights
of glue coatings in the sets of measurements D1 to D12 which shows heterogeneity signs. The values
of weights exceeded the upper standard level of 56 g/ m? in 120 cases in the interval of 56-58 g/m?.
The excess of the lower standard level occurred in 28 cases.

Table 9. Basic data of the project charter.

Company

Firm

Critical process

Pressing

Sanding

Problem identification

Number of nonconforming parts
in the process is 5875 pcs

Number of nonconforming
parts in the output of the
processes 593 pcs

Problem relations

Nonconforming parts in the
process relate to the glue coating

Nonconforming parts in the
process relate to the quality of
DTD and technical condition of
the production equipment—the
sanding machine

Objective definition

Lowering the number of
nonconforming parts and costs of
nonconforming parts by 10%

Lowering the number of
nonconforming parts and costs of
nonconforming parts by 10%

Target Sigma Level 2.85 2.7
Target non-conformity cost ratio 10% 2%
Source: own processing.
Variable: D1 - D12 Average: 52,5526
Sigma (TOTAL):3,21167 Sigma (INNER):3,19410
Specification : LSL=48,0000 USL=56,0000
Indexes:Cp=,4174 Cpk=,3598
-3,5(T) LSL usL +3,5(T)
(] [}
? 160 X X
2 120 -
= ] ]
= 80 '
= ] ]
40
= 0 '_j D~ !
42 44 46 48 50 52 54 56 58 60 62 64 66
— TOTAL
The weight of adhesive application g/m2 — INNER

Figure 2. Measuring the weight of adhesive application D1-D12.
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The comb distribution points out that process variability is high and is not caused by a natural
fluctuation of variability in the process. The values of the capability indexes are also low; the overall
coefficient Cp, = 0.4174 and the overall coefficient Cpx = 0.3598. Both coefficients are less than 1.
Therefore, and also based on total results, we can state that this production process is not capable.

In the Firm, in the critical process of sanding, a thickness of a part was stated as a quality measure.
Measured values of furniture parts thicknesses were used for calculations of capability index Cp, and
capability index Cpy, where the upper standard level was defined as 19.3 mm and the lower standard
level was as 18.7 mm. As it can be seen in Figure 3, distribution of the interval frequency of part
thicknesses are rather variable.

Variable: Thickness H1 Awerage: 19,0393 Variable: Thickness H2 Awerage: 19,0431
Specification : LSL= 18,7000 USL=19,3000 Specification : LSL= 18,7000 USL=19,3000
Indexes:Cp=,6298 Cpk=,5472 Indexes:Cp=,6370 Cpk=,5455
-3s LSL usL +3s -3s  LsL usL +3s
35 55
20 - I 50 ! !
> | | 45 | |
£ 1 =% 1 1
= 20 1 5 35 i i
= 5 0
£ o | = 25 | |
10 S 2
= | s | |
5 ] 0 ] L}
0 | 5 ] ]
184 186 188 190 192 194 196 0 L
185 187 189 191 193 195 197 178 180 182 184 186 188 19,0 192 194 196 198
Values of thickness HL mm Values of thickness H2 mm
(a (b)
Variable: Thickness H3 Awerage: 19,0618 Variable: Thickness H4 Awerage: 19,0531
Specification : LSL= 18,7000 USL=19,3000 Specification : LSL= 18,7000 USL=19,3000
Indexes:Cp=,6307 Cpk=,5009 Indexes.:Cp=,5866 Cpk=,4828
-3s LsL usL +35s -3s LsL usL +3s
55 45
) = | o
35
2% | >
£ b | g %
Z 30§ i Z
= 5§ \ s 20
ER H S 15
S 15 \ =
D 1o N
5 1
0 lﬁ 0
184 186 188 190 192 194 196 198 184 186 188 190 192 194 196
185 187 189 191 193 195 197 185 187 189 191 193 195 197
Values of thickness H3 mm Values of thickness H4 mm
(0) (d)

Figure 3. (a) Measuring the thickness H1; (b) measuring the thickness H2; (c) measuring the thickness
H3; and (d) measuring the thickness H4.

As it can be seen in Figure 3, the shapes are asymmetrical, with comb ones which suggest that
variability in the process is quite high. Another factor supporting the concept of high variability are
the values of capability coefficients Cp,, which ranged from 0.5866 to 0.6370. The values of capability
coefficient Cpk ranged from 0.4828 to 0.5472. Both coefficients in individual measurements accounted
for values less than 1. Therefore, we can state that the production process is not capable.

3.2.3. Phase A—ANALYZE

Based on the data gained by measurements, we focused on identification of the main problem,
sorting the possible causes, and identification of non-conformity causes which imposed the variability
of the critical process. This was used for brainstorming a method and, consequently, creating an
Ishikawa diagram. The first stage of possible cause occurrence was divided into five categories
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in both enterprises: input materials, work conditions, operation equipment, employees, and
technological conditions.

In the Company, in the process of pressing—gluing, these causes of high process variability
were identified:

- Non-working control of technical parameters of the glue, such as temperature and viscosity,
which have the primary effect on the weight of glue coating on the parts of chipboard.

- Failures in compliance with technological discipline by the operator of the gluing machine, mainly
during the adjustment of glue thickness.

In the Firm, in the process of sanding, the following causes of incapability of the process
were recognized:

- Insufficient input control of technical parameters of input materials of chipboard during
the delivery.

- Incorrect choice of sandpaper grit.

- Insulfficient clean-up of the production facility.

- Lack of attention during taking over the information from order schedules.

3.2.4. Phase [—-IMPROVE and Phase C—CONTROL

To eliminate the causes of a non-conformity occurrence, a so-called “reaction plan”, which was
also depicted as a regulation diagram, was designed.

In the Company for the process of pressing—gluing, the reaction plan contains a graphic
illustration of the placement of values of glue coat weights in the individual phases of the
regulation diagram and adjustment, measurement, control, and the relegation of information for
an operational procedure.

In the Firm, the reaction plan focused on improvement of the sanding process. It contains the span
of setting and technological interval 19 + 2 mm, a graphic illustration of the placement of measured
data, simple description of duties for the personnel at the control and service of the production facility.

Based on the instructions stated in the reaction plan, the repeated measurements were carried out
to verify the measures designed to decrease non-conformity.

In the Company, the measurement focused on the weight of glue coating as the main cause of the
high variability of the process of pressing. The asymmetric histogram in Figure 4 shows that variability
of the process compared to the original measurements decreased after corrective measures had been
carried out. The values of capability coefficients increased, which is well-proven by the increase of
the variability coefficient Cp from 0.4174 to 0.8313, and the value of coefficient Cpk increased from
0.3598 to 0.8061. After the reaction plan had been introduced, no excesses of upper and lower standard
levels occurred.
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Variable : Z1 Average: 51,8789
Sigma (TOTAL):1,68581 Sigma (INNER):1,60398
Specification: 48,0000 USL=56,0000
Indexes.:Cp=,8313 Cpk=,8061
LSL +3,s(T)

-3,5(T) usL
30

25
20
15
10

TN\
/

Multiplicity

0 LB

46 47 48 49 50 51 52 53 54 55 56 57 58 TOTAL

The weight of adhesive application g/m2 — INNER

Figure 4. Repeated measuring of the weight of adhesive application.

In the Firm, verification of the solution design was carried out by the measurement of 24 parts
of veneered chipboard in the 96 valid measurements in the process of sanding. The results of the
measurements are shown in Figure 5. The truncated shape of the histogram in Figure 5 proves that
variability of the process of sanding, compared to original measurements, decreased after the corrective
measures were carried out. The values of capability coefficients increased, represented by the increase
of Cp from the lowest value of 0.5866 to 0.7383 and the value of Cyy increasing from 0.48288 to 0.6911.
Evident improvement of the process occurred in compliance with standard levels after the introduction
of the reaction plan into the process of sanding. In check measurements, the upper and lower standard
levels were not exceeded.

Variable: H - thickness after improving Average: 19,0192
Specification : LSL=18,7000 USL=19,3000
Indexes.:Cp=,7383 Cpk=,6911

/N

185 186 18,7 188 189 190 19,1 192 193 194 195

w
o

N
[$2]

N
o

Multiplicity
&

=
o

Thickness mm

Figure 5. Measuring the thickness of the panels following corrective actions.

In the Control phase, the particular corrective measures to improve variability in the identified
critical processes were recommended based on the achieved results. The QFD method was suggested
and implemented in the Company. The matrix diagram was created by transforming customer’s
requirements in the specification of the product—a cupboard/cabinet. In the Firm, the proposal of
measures to sustain the permanent quality of processes was presented via an affinity diagram.
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3.3. Impacts of Implementation of Six Sigma Methodology in Enterprises

Verification of the hypothesis which assumes decreasing the costs on claims and non-conforming
products by 10% via implementation of Six Sigma was performed by comparison of the original and the
current state of the process, which were assessed as critical and by economic assessment of decreasing
costs of non-conformity.

Basic data to perform an economic assessment of the design were the numbers of non-conforming
products divided according to the kind of defects and the price of a part in € in the critical process
before and after implementation of Six Sigma.

In the Company, as is obvious from Table 10, we can see that total value of non-conforming
products in the process decreased. It can be stated that after implementation of suggestions to improve
quality by the Six Sigma methodology there was a decrease in the costs by 12.97%, which met the aim
outlined by the project charter.

Table 10. Economic assessment of the proposal in the Company—the process of pressing.

Number of % share of
State non-conformities  Price in €/pcs Total sum in € non-conformities in
in pcs production volume
Original 5879 8.23 34,277.95 3.40
Current 5324 8.23 29,833.75 2.18

Source: own processing.

An improvement can be also seen in the DPMO categories, which also decreased and the value
of effectiveness increased. The sigma value increased from 2.75 to 2.95. The sigma level was set to
increase from 2.75 to 2.85 in the aims of the project charter. The overview of the original and current
DPMO), efficiency, and sigma levels is presented in Table 11. On the basis of the mentioned analysis,
we can declare that the charter aim for the critical process of pressing was fully met. Based on the
above-mentioned results of the analyses in the process of pressing in the Company with a certified
system of quality management, the hypothesis can be confirmed.

Table 11. Values of DPMO, effectiveness, sigma level in the Company—the process of pressing.

State DPMO Effectiveness in % Sigma
Original 107,536.58 89.2463424 2.75
Current 73,261.27 92.9700000 2.95

Source: own processing.

In the Firm, the number of non-conforming products was counted before and after the
implementation of improvement proposals by the price of a part in € after sanding, before the primer
coat. As we can see in Table 12, there was a decrease in the total value of non-conforming products,
representing 8.25% of the total value of non-conforming products in the process of sanding caused by
faults in sanding before the primer coat. The aim set in the project charter was not achieved.

Table 12. Economic assessment of the proposal in the Firm—the process of sanding.

Number of % share of
State non-conformities Price in €/pcs Total sum in € non-conformities in
in pcs production volume
Original 424 11.36 4816.64 3.40
Current 389 11.36 4419.04 2.18

Source: own processing.
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Table 13 gives the overview of the original and current DPMO values, the value of effectiveness,
and sigma levels in the process of sanding in the Firm. The improvement appeared in the values of
DPMO categories, effectiveness, and the sigma level, which increased from 2.36 to 2.60. The aims of
the project charter proposed an increase of the sigma level from 2.36 to 2.7. Referring to the analysis,
we can declare that the aim of the project charter was not achieved at 100%. Referring to the results of
the analysis in the process of sanding in the Firm, which does not have a certified quality management
system, the hypothesis was not confirmed.

Table 13. Values of DPMO, effectiveness, sigma level in the Firm—the process of sanding.

State DPMO Effectiveness in % Sigma
Original 197,629.13 80.237087 2.36
Current 134,753.36 86.520000 2.60

Source: own prOCeSsingA

3.4. The Model of Ensuring Sustainable Processes Performance via the Six Sigma Concep

The model describes essential activities according to DMAIC, methods, and tools of how to
ensure activities to improve quality of processes from the viewpoint of decreasing non-conformity
and DPMO, increasing effectiveness and sigma level, decreasing process variability, their stabilization,
the search, and analysis of causes of non-conformity occurrence, proposals to eliminate the causes
of non-conformity occurrence, process control, a procedure of the measurements and verification of
corrective measures, process management, the usage of methods and tools of descriptive statistics, the
usage of modules of industrial statistics, and Six Sigma modules.

The model introduces one cycle of improvement of process performance via the improvement of
an identified critical process, which can be constantly repeated and, so, constantly increased process
performance. It is illustrated in Figure 6.
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Figure 6. The model of ensuring sustainable processes performance. Source: own processing.

4. Conclusions

The results of the survey of the Slovak enterprises confirmed positive effects of the Six Sigma
methodology presented in the studies of several foreign authors. Slovak enterprises which use the
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methodology achieve not only higher performance of business processes, but also higher corporate
performance. Moreover, the dependency of achieved corporate performance on the use of Six
Sigma was statistically confirmed. The application of Six Sigma methodology in practical conditions
of Slovak enterprises producing furniture confirmed achievement of better results in the field of
ensuring and improving the quality of production processes, an increase of savings on costs of
claims and nonconforming products, and a possibility to implement measures to eliminate causes of
non-conformity occurring in a process.

The limitations of the research study consist in the insufficient statistical confirmation of
dependency on SSM on a certified quality management system because of a small number of
investigated enterprises with an implemented Six Sigma concept. The next part of the work was
focused on two specific cases: two furniture manufacturing enterprises from 500 existing furniture
companies in Slovakia. Therefore, a generalization will require further careful investigation.

Despite the above-mentioned limitations, the research study proved a possibility to implement the
Six Sigma methodology and to use the same methods in enterprises, aside from a quality management
system, such as quality management under certification according to ISO 9001 standards or only
utilizing the basic tools of quality management.

The results of the study further showed that better results were achieved in the enterprise which
has introduced a quality management system. Therefore, we may claim that quality management
systems form better grounds to implement Six Sigma and the achievement of higher benefits.

The results of this work develops contemporary knowledge in assumptions and limitations by the
application of Six Sigma methodology and its tools in connection with quality management systems
and they indicate a direct dependence with a level of corporate performance. The contribution of
the research study can be considered in the first application of SSM in enterprises within specific
conditions of furniture production processes.

The practical implications of the research can be seen in the suggested model, including
procedures, suitable methods, and tools for implementation and permanent utilization of SSM in
manufacturing enterprises. The suggested model of sustainably ensuring the required performance of
processes enables monitoring and unveils the critical moments of processes, constantly, and eliminate
them, subsequently. The model presents a never-ending cycle, which ensures sustainable process
performance. The SSM and a suitable selection of tools are the means of a constant assurance and
increase of business processes performance. Six Sigma provides a permanent improvement of processes
by the effective use of methods, tools, techniques, and procedures, particularly by decreasing variability
and variance of processes, by an increase of capability of processes.

Further research will be focused on the utility of other modern methods and tools by ensuring
a sustainable process performance and its continual improvement with higher effects than SSM,
especially in enterprises without a certified quality management system. The research work will
also deal with other aspects of process improvement, such as process economic efficiency and lean
processes leading to the suggestion of a methodology for complex improvement of the process.
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Appendix

Table A1l. The use of methods and tools in the steps of DMAIC procedure.

Method D M A 1

Affinity diagram o o o 0
FMEA—TFailure Mode Effect Analysis o

CBA—Cost-Benefit-Analysis o o
FTA—TFailure tree analysis o

MSA—Measurement system analysis o

Analysis of measurement systems R&R
Audit

Affinity diagram

Benchmarking

Benwriting

Techniques of data collection o
Cause and effect diagram o
QFD—Quality Function Deployment o
Histogram o

IPO diagram o o
Control diagrams (tables)

Scatter diagram o
Pareto diagram of a Lorentz curve o
Method of error avoidance Poka—Yoke

Flow chart

DOE—Design of Experiments

Control chart

Run chart

Regression analysis o
Table STPOC
(Suppliers-Inputs-Process-Outputs-Customers)
SOP—Standard Procedures o
VOC—Voice of customer

Stratification o
SWOT Analysis

T-test

Six Sigma matrix o
TOC—Theory of containts

X2 test o
Methods of risk analysis

Process capability

Reliability /Item Analysis

Root Cause Analysis

Method 5 Why

SI—System engineering

VA—Value Analysis o
VS—Value steam mapping

Modelling and simulation

Method Global 8D

TPM—Total Productive Maintenance

SMED—Single Minute Exchange of Dies

Method 55

KAIZEN

Pull management systems

SPC—Statistical Process Control o o o
Workshops o o o
Management by Objectives

© 0 o0 0O
o

=]
©O 0 00000
=]

o]
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© o0 0o O
© 0 0O

© 0 o0 oo © o0 o O©°

©O 000000 O
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o

Source: [1-4,17,27-33].
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Abstract: The paper concerns research related to the European project CIRAS and presents a
validation experiment with the use of a risk management tool adapted for critical infrastructures.
The project context and state of the art are discussed. The adaptation of the risk management tool
is performed according to previously elaborated requirements which consider interdependencies,
cause-consequences analysis, risk measures and risk register implementation. A novel structured risk
management method was proposed how to deal with internal and external impacts of a hazardous
event which occurred in the given CI. The method is embedded into the critical infrastructure
resilience process. These requirements can be implemented on the ready-to-use software platform for
further experiments. The experimentation results are used as the input for CIRAS. The discussed
tool can be applied as the risk reduction component in the CIRAS Tool, and the validation process
presented here is the basis to elaborate two project use cases.

Keywords: critical infrastructure; risk management; bow-tie concept; software tool; interdependencies

1. Introduction

The paper concerns the risk management issue in critical infrastructures. Today’s societies are
based on products and services provided by large-scale technical infrastructures of such sectors
as energy, oil, gas, finances, transport, telecommunications, health, etc. These infrastructures,
when disrupted or destroyed, have a serious impact on health, safety, security or well-being of
the society or effective functioning of governments and/or economies, therefore they are called critical
infrastructures (CIs). Smooth functioning of the CIs builds right relationships between the citizens
and governments. Modern societies are very sensitive to any disturbances in critical infrastructures.
The CI disturbances or damages hamper the economic growth, social prosperity and sustainable
development of our civilization. For this reason, it is very important to mitigate any negative impact on
critical infrastructures. Risk management, which plays the key role in the CI protection, still remains a
challenge due to many unresolved problems. This was the author’s motivation to undertake research
in this field.

CI is identified as a very complex socio-technical system, sometimes called a system of
systems. The system of systems (S0S) consists of multiple, heterogeneous, distributed, occasionally
independently operating systems embedded in networks at multiple levels, which evolve over time [1].
To function properly, Cls include many diversified components (technological, IT hardware, software,
environmental, personal, organizational) and complex processes interrelated with other processes
across different economy sectors.

In such environments different kinds of threats and hazards may occur, such as: natural disasters
and catastrophes, technical disasters and failures, espionage, international crime, physical and cyber
terrorism. To avoid disturbances in CIs and to minimize possible consequences of threats, critical
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infrastructure protection (CIP) programmes are implemented, which specify a consistent set of
diversified security measures applied for the given CI: technical, organizational and procedural.
The measures should properly affect the identified risk. The measures selection is based on risk
management principles.

1.1. Resilience and Risk Management in Critical Infrastructures

Risk management is a continuous process including the identification, analysis, and assessment
of potential hazards in a system or hazards related to a certain activity. Based on the recognized risk
picture, the risk control measures are proposed to eliminate or reduce potential harms to people,
environment, or other assets. The risk management process encompasses risk monitoring and
communication. ISO 31000 [2] is the basic risk management standard. Examples of the most recognized
risk management methods and techniques are included in IEC 31010 [3].

The risk management issue in critical infrastructures has a specific character because Cls are very
complex, diversified and there are mutual interrelations between different infrastructures. Because
of relationships between infrastructures, the state of each infrastructure influences or is correlated to
the state of the other. They are called interdependencies [4-7] and can be divided to four categories:
physical, cyber, geographical and logical interdependency. The effects of an incident may propagate
across Cls with dire consequences. The paper takes into account interdependencies, however the
complex interdependencies issues are not the basic topic of the paper.

Well-secured CIs can resist external and internal disturbances and are able to work on an
acceptable efficiency level even when these disturbances occur. To improve the Cl resilience is the main
objective of CI stakeholders. The CIs resilience is an effective, sustainable use of critical infrastructures
by stakeholders to perform tasks for the economy, government and citizens. “The concept of resilience
can be seen as a superset in which typical risk assessment is a complementary part” [6]. The following
activities leading to the CI resilience are proposed in this publication:

e  preparing the Cl specification based on the structural analysis—the most critical elements, the most
vulnerable points, dependencies and interdependencies are identified; please note: dependency
defines a unidirectional relationship between infrastructures, while interdependency defines a
bidirectional relationship;

e  running the dynamic analysis to identify the most dangerous risk scenarios—generally the subject
of analysis or simulation are: propagation of dire effects of CIs phenomena, identification of
the threats impact, analyses of common failures, system response to a failure or an incident,
recovery process, efc.

e the most dangerous risk scenarios, prioritized, are taken into account later during the risk
management process.

1.2. Research Related to the CIRAS Project

The critical infrastructure protection is recognized in European Union (EU) as one of the key
issues. The CIP related needs on the EU and member-state levels are expressed in the European
Council (EC) Directive [8]. It specifies rules of the CI identification based on the casualties, economics
and public criteria, as well as the risk analysis issues and management programmes. In 2006 the
European Programme for Critical Infrastructure Protection (EPCIP) was issued. A revised version is
included in the EC document [9].

The CIP programmes encompass diversified (physical, technical, organizational) countermeasures,
applied on the basis of risk. The risk management issue in Cls is extremely important and has
not been fully solved so far. There are several dozen EU or worldwide CIP R&D projects, either
already completed or currently running (Framework Programmes—FP6 and FP7, Horizon 2020,
The Prevention, Preparedness and Consequence Management of Terrorism and other Security-related
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Risks Programme—CIPS). Most of them deal with risk management methodologies and their
supporting tools. The CIRAS (Critical Infrastructure Risk Assessment Support) project [10] is one of them.

The paper concerns a preliminary research of the CIRAS project. CIRAS was launched by the
international consortium comprising:

e  ATOS Spain SA (ATOS),
e  Center for European Security Strategies from Germany (CESS),
e Institute of Innovative Technologies EMAG from Poland (EMAG).

The CIRAS objective is to develop a methodology and tool to support decision makers in the
security measures selection for critical infrastructures. The CIRAS approach to security management
in critical infrastructure protection takes into account typical CI phenomena like interdependencies,
cascading and escalation of incident impacts.

The novelty of the CIRAS approach lies in a holistic assessment of all aspects of CIs security
measures, including the expected risk reduction and its cost, financial benefits, as well as many vague
socio-political factors to be considered in the security planning process. To select the right security
measure (countermeasure) according to the CIRAS methodology, the decision maker should select a
countermeasure that:

e properly reduces the risk volume to ensure security on an accepted level and to bring benefits for
CI stakeholders,

e s cost-effective during implementation and operation,

e is free of social, psychological, political, legal, ethical, economical, technical, environmental,
and other limitations; these vague factors in the project are called “qualitative criteria”.

To support the decision making process, these issues are solved by three separate pillars,
implemented as the key software components of the CIRAS Tool:

e aRisk Reduction Assessment (RRA) component,
e aCost-Benefit Assessment (CBA) component,
e aQualitative Criteria Assessment (QCA) component.

The CIRAS approach is based on the methodology elaborated in the FP7 (Seventh Framework
Programme) ValueSec project [11]. Both the ValueSec and CIRAS methodologies support the
decision making process using these three pillars, but the domains of applications and the pillars
implementation approaches are different. Please note that the critical infrastructure domain, due to its
specific phenomena caused by interdependencies, is much more complex than the ValueSec application
domains (mass event security, mass transportation security, communal security planning, air transport
security, protection against cyber-attacks on a smart grid). The CIs complexity influences the shape of
the RRA, CBA and QCA components as well as the components collaboration within the framework
implemented in the CIRAS Tool.

Research was performed by the project team members to elaborate the CIRAS methodology and
to design and implement it in the CIRAS Tool. The project uses four main inputs:

e an extensive review of the state of the art of risk management, cost-benefits, and decision support
methodologies and tools, especially those for critical infrastructure protection,

e  conclusions from the CIRAS stakeholders” workshops,

e  experience gained by the CIRAS team members from the ValueSec project, particularly concerning
the pillars implementation.

This paper deals with a part of this research focused on the RRA component implementation.
The problems addressed are:

e how to find and adapt a tool to be the RRA component,
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e how to develop a new tool, according to the project requirements, if the above is not possible.
The RRA component should satisfy the project requirements:

e  the basic requirements for CI risk management tools identified in [12], and

e the project specific requirements identified by the consortium with the stakeholders” help, i.e., RRA
should be able to properly manage the risk in critical infrastructures by selecting security measures
with the right cost-benefits parameters and free of vague restrictions, should be able to easily
integrate with other CIRAS components of the tool, and should be relatively simple.

The research presented in this article was focused on the feasibility of the OSCAD-based RRA.
OSCAD (proprietary name) [13] is a ready-made software platform to be adapted and configured
to different domains of application. The CIRAS consortium considered it a candidate for the
RRA component.

This paper presents research which allowed to assess whether OSCAD can fulfil the project
requirements and whether it can be used as the RRA component of the CIRAS Tool.

As a result of the experiment a novel approach is proposed how to deal with internal and external
impacts of a hazardous event which occurred in the given CI. It allows to distinguish three main
categories of impacts: direct CI damages, event escalation by breaching internal security barriers and
causing secondary damages, event escalation from the given CI on the dependent Cls. The elaborated
structured risk management method for critical infrastructures is embedded into the CI resilience
process. The method is implemented in the OSCAD-CIRAS experimental tool. The tool allows to
assess critical infrastructure damages in several time horizons and to assess several security measures
alternatives with respect to the risk reduction and cost-benefits parameters.

1.3. State of the Art

During the CIRAS project a review [4,14-16] of laws, standards, frameworks, methods and tools
was performed and summarized in [17].

The review confirms that the risk management issue in critical infrastructures is much more
complicated than in other domains of application. It is specific due to the following factors:

e unprecedented Cls complexity, even when compared to very large business organizations or
technical facilities,

e  continuous evolution and enhancement of critical infrastructures,

e  mutual interrelations between different infrastructures (interdependencies),

e  problem diversity—the risk management issue is related to many other issues, like: complex
systems architectures, interdependencies, complex interactions, behavioral aspects, reliability
theory, vulnerability analysis, resilience, emerging behavior,

e knowledge of architecture and functioning principles of complex systems is fuzzy and the
data incomplete,

e different abstraction levels applied to manage Cls and cross-sectoral relations,

e  high-impact and low-probability events may occur,

e increased needs for communication and coordination among the CI operators.

The review shows that a significant number of risk assessment methods and tools can be applied
in the critical infrastructure domain. Usually, they were developed for different organizations to solve
their technical or organizational risk-related problems within the limited environments, and initially
they were not dedicated to critical infrastructures. Later, many of them were adapted to CI needs.
Usually, they are very mature, sector-specific, represent the detailed approach to the risk issue and
can be easily applied on the lower level of the CI hierarchy. Their basic features are: threats and
vulnerabilities categorization and identification, and the evaluation of impacts. Only few tools are able
to operate on the higher CI hierarchy level. This group is still extended.
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Risk management methods are very diverse and their shapes and abstraction levels depend on
the levels of CIs where they are used. For example, a CI operator needs a more detailed approach than
a policy maker working on the system-of-systems level, and the tool implemented for the CI asset
level is more detailed than the tool for the CI operator. Generally, a higher CI level requires a more
general approach.

The asset level methods and tools are adapted to higher levels but this generates problems
how to handle cross-sectoral dependencies. This issue has been examined by many researchers.
The challenge is how to adapt risk assessment methods used on the CI lower level to the higher level
(complex system) needs.

The interdependency methodologies, supporting risk management methodologies, are growing
in a parallel manner to each other. They are based on modeling and simulation techniques [6]. They are
crucial to ensure the CI resilience, and in this sense they also support risk management methodologies.
Many general purpose risk managers are not able to use input from the interdependencies analysis.

The review confirms that it is very hard to point out a tool which can be applied in the CIRAS Tool.
There are many tools which satisfy certain basic requirements and are able to assess and manage the
risk in critical infrastructures, however they do not address sufficiently the CIRAS project requirements,
especially those related to the following issues:

e  cross-sectoral risk management,

e  cooperation with the CBA and QCA components (using cost, benefit, and vague factors in the risk
management process),

e  operations on the alternative packages of countermeasures,

e easy integration (connectivity, source code availability, commonly used technologies).

During the review the OSCAD was analyzed in comparison with other tools. This is a general
purpose tool (software platform) which, when developed, was not intended especially for Cls. The tool
is very flexible. Its functionality satisfies the basic CI risk management requirements and there is also
a chance to meet the CIRAS project requirements. The paper presents research allowing to explain
these issues.

1.4. Paper Content

The paper presents the following: a risk management study (Section 2) including the
experimentation platform requirements, risk assessment method description, implementation of the
requirements on the ready-made software platform, experiment plan workout, and the experimentation
process. Section 3 includes the experimentation summary, and Section 4—the paper summary.

2. Risk Management Case Study

The case study is focused on the analysis how particular project requirements can be fulfilled by
the OSCAD-based RRA, and shows step by step how this component has been developed according to
the proposed risk management method.

2.1. General Requirements for Experimental Risk Manager

Basic requirements for the CI risk management tool were discussed in [12]. Summarizing this
discussion, the following requirements were proposed:

(1) The CI specific phenomena, such as common cause failures, cascading and escalating effects,
as well as interdependencies between Cls [5] should be considered in the risk management process.

(2) The bow-tie risk concept [4,18] is recommended for implementation as the conceptual model
of the risk assessment tool. It embraces both causes of the given hazardous event and its diversified
and multidirectional consequences.
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(3) The CI risk register, as the managed inventory of hazardous events used in CIP programmes,
should include at a minimum: related hazards/threats, corresponding hazardous event, probability
of the event and its consequences. There are some other data associated with the risk register items,
such as assets, societal critical functions, vulnerabilities, countermeasures, etc.

(4) Risk measures and the assessment process should be defined for the given application domain.
A common method is to assess the likelihood (probability, frequency) of a hazardous event, and to
assess the consequence severity in different dimensions. Risk is the function of both, usually expressed
by a risk matrix.

The following issues are relevant with respect to the CIRAS project requirements:

(1) The RRA component should be able:

e  to assess risk before a measure is implemented and reassess the risk for a certain number of
security measures alternatives considered for implementation,

e  to consider cross-sectoral dependencies,

e to take into account cost-benefits factors and qualitative criteria dealing with the security
measures alternatives.

(2) RRA should exchange information with the CBA and QCA components during the decision
process dealing with the security measures selection.

(3) RRA component should consider the CI specific phenomena, analyze causes and impacts of
hazardous events, and manage the risk register data.

The data exchange between the components cannot be fully demonstrated, because the
components have not been integrated yet.

2.2. Implementation Platform

The OSCAD software platform was chosen as the research platform [13]. Initially, this platform
was designed to support business continuity management in accordance with ISO 22301 and
information security management in accordance with ISO/IEC 27001. The software can identify
different disturbances of business processes and/or breaches of information assets in different
companies and organizations. OSCAD helps to reduce their losses, caused by incidents, and can
support the recovery process too. OSCAD is an open and flexible tool, therefore it can be adapted to
protect assets or processes in different application domains, e.g.,: flood protection [19], railway safety
management systems [20] and coal mining [21]. The risk management functionality of OSCAD is of
key importance to the protection of critical infrastructures.

OSCAD is equipped with risk assessment tools which analyze the causes of hazardous events
(pairs: threat-vulnerability with respect to the asset or process):

e  Asset Oriented Risk Analyzer (AORA),
e  Process Oriented Risk Analyzer (PORA).

AORA is used to calculate risk levels of critical assets and risk reduction levels after security
measures implementation. The analysis is conducted for the given asset with the related threats which
exploit the asset vulnerabilities. The impact and likelihood values of threats and the current values of
security measures are used to determine the inherent risk level. After applying new security measures,
the risk level is reassessed and the gain in risk reduction can be determined. The PORA analysis is
similar, however, it is focused on causes of the processes disturbances.

Moreover, OSCAD is equipped with tools which are able to analyze multidimensional impacts of
hazardous events:

e  Asset Oriented Business Impact Analyzer (ABIA),
e  Process Oriented Business Impact Analyzer (PBIA).
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ABIA is used to assess possible impacts of assets loss for an organization (here CI). The assessment
is made according to different loss categories such as: fatalities and qualitative costs (political, social,
legal), damages of infrastructure, revenue loss, external costs in other organizations. High loss levels
indicate that security measures should be applied to reduce risk. PBIA is similar, however it concerns
impacts for an organization (here CI), when the processes are disturbed.

As a result of the adaptation, the OSCAD-CIRAS tool prototype was developed [22].
The OSCAD adaptation performed by the author encompasses the elaboration of the domain specific
system dictionaries, e.g., assets, threats, vulnerabilities, countermeasures, risk measures, software
configuration, efc. OSCAD-CIRAS can be used as an experimental tool to acquire knowledge and
experience which will then be used as an input to the CIRAS project.

2.3. Requirements Implementation on the Ready-Made Software Platform

The paper extends the works presented in [23] and deals with risk management experiments
conducted with the use of the ready-made open OSCAD software platform, which was adapted
to fulfill the basic CIs requirements with respect to risk management. It was assumed that one
OSCAD-CIRAS instance, at minimum, can be implemented in one infrastructure. OSCAD-CIRAS is
able to co-operate with similar systems working in other infrastructures. This co-operation is focused
mainly on communication during the risk management process [2]. The presented experiment concerns
the railway transport CI co-operating with the electricity CI. To simplify the experiment, both CIs are
implemented in one OSCAD-CIRAS.

Risk management items implemented in OSCAD-CIRAS comply with the taxonomy included in
the EC Directive [8], which distinguishes two groups of CIs: ECI (European CI), embraced by the EC
Directive, and others (non-ECI). Assets and other items belonging to the given CI are preceded by a
label being the abbreviation of a CI name: Ele (Electricity), Oil (Oil), Gas (Gas), RoT (Road Transport),
RaT (Rail Transport), AiT (Air Transport), IWT (Inland Waterways Transport), Sea (Ocean and Short-Sea
Shipping and Ports).

Based on the discussed below requirements a structured risk management method was developed
and presented in Subsection 2.4 (Figure 6).

2.3.1. Interdependencies and Cl-specific Issues—Input from Resilience Analysis

Critical infrastructure is a complex socio-technical system which interacts with similar systems
working in other application domains. These interactions are considered on different layers (e.g., on the
CI operator layer, sector layer, intra sector layer) [6].

The risk management process should be extended beyond a single infrastructure, because a
hazardous event occurring within the given CI impacts this CI but may also cause problems for other
interacting Cls, and similarly, the given CI may be impacted by hazardous events which occurred in
external CIs. The risk management process should be able to consider interdependencies. This issue
still remains a challenge.

OSCAD-CIRAS does not have a specialized functionality to analyze resilience, including
interdependencies, and for this reason it should be supported externally to get the relevant information.
The resilience analysis, producing necessary input, precedes and supports the risk assessment process.

The first kind of input concerns information about interdependencies obtained from the resilience
analysis, more specifically from its static part focused on the system of systems analysis. During the
dependency analysis [6], the following factors are taken into account:

e shared resources, shared services,

e common assets, components, policies,

e common causes of potential impacts, like: fire, flooding, virus attack, network attack,
communication unavailability.
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Diagrams, called dependency networks are obtained in the course of the interdependency analysis.
The dependency network diagram represents homogenous dependencies between input and output.
It will be shown in Figure 1 by an example related to the Cls presented later in the case study. The left
part presents a scheme of collaborating infrastructures—rail transport (RaT), electricity (Ele) and others.
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Figure 1. Two collaborating infrastructures (RaT, Ele) as the validation context—system-of-systems
scheme and dependency network diagram.

The example of a dependency network, presented in the right part of Figure 1, shows that RaT
ECI depends on Ele ECI and vice versa, and, additionally the Gas and Oil infrastructures depend on Ele.

The objective of the method presented here is to distinguish three main categories of impacts
(Figure 1):

e  CID (CI Degradation) category—different kinds of damages within the given CI;

e IE (Internal Escalations)—new internally generated threats or new or increased vulnerabilities
which influence the considered CI, caused by the hazardous event; this allows to consider
secondary effects of the given event;

e  EE (External Escalations)—generated threats which impact the external CIs, or new or increased
vulnerabilities in the external Cls, caused by the hazardous event.

Please note that the EE category impacts propagate across infrastructures due to existing
dependencies. For example, an impact can propagate from RaT to Ele, from Ele to Gas and to Oil.

The second kind of input from the resilience analysis concerns information about critical risk
scenarios. Please note that the paper presents the typical approach to risk assessment, including the
identification and prioritization of threats, identification of vulnerabilities relevant to these threats and
the impact assessment. This is a relatively simple approach, but it can be unsuccessful if all possible
scenarios are taken into account in the risk management process—only the most critical scenarios are
selected. The dynamic resilience analysis [6], preceding the risk management process, returns these
very critical scenarios, such as the CI collapsing scenarios. It is assumed that to identify these scenarios,
structural analyses of the collaborating Cls and dynamic resilience analyses were made.
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It is assumed for the presented method and tool that the critical scenarios and interdependencies
are known prior to initiating the risk assessment.

Apart from critical scenarios and interdependencies, the resilience analysis provides information
about the most critical nodes, the most vulnerable nodes, strength of coupling between the nodes,
and a lot of other information useful in the risk management process.

2.3.2. Bow-Tie Risk Assessment Concept Implementation

The bow-tie conceptual model [18] embraces both multiple and complex causes of the given
hazardous event and its diversified and multidirectional consequences (impacts). It means that it is
composed of two elements: causes analysis and consequences analysis. These features are the basis for
the method presented here.

The consequences analysis part of the bow-tie model is implemented on the ABIA or PBIA basis.
Later, they are called BIA (in short). For a given asset (process), which is under the hazardous event,
impact can be assessed with the use of the loss matrix.

In OSCAD-CIRAS two causes analyses are possible: AORA or PORA, later called RA (in short).
AORA allows to analyze each threat-vulnerability pair which can breach the given asset, while PORA
does the same with respect to the given process. First, the BIA type analysis is performed, next the RA
analysis (Figure 6).

2.3.3. Critical Infrastructure Risk Register and Related Issues

OSCAD-CIRAS distinguishes primary assets which are to be protected and secondary assets
related to them. For example, RaT:Node, representing the railway node, can be considered a primary
asset. It can be impacted when a hazardous event occurs, for this reason it should be protected.
This complex asset embraces many diversified secondary assets (rails, level crossings, buildings,
signaling equipment, ICT equipment, people, countermeasures, etc.).

The asset destruction implies multidirectional impacts on the CI where the event occurs and on
other, dependent infrastructures. This is a subject of the BIA analysis. For the given protected asset
there are threats and vulnerabilities considered, because they imply hazardous events which may
cause full or partial damages on an asset. This is a subject of the RA analysis.

The risk register contains information about assets (and/or processes) impacted during a hazardous
event, consequences, event frequency, threats, vulnerabilities, and assessed multidirectional impacts.

2.3.4. Risk Measures and the Assessment Process

The measures of multidimensional impacts of the hazardous event, used during BIA analyses,
encompass three above mentioned main categories of impacts (CID, IE, EE). For each of them several
loss categories are defined (four for CID, two for IE, and two for EE—eight categories in total)—see
Figure 2. All categories and their number are user-defined.

Business loss dictionary

Show active only

Active Hame & Description:
v #| %] CID: Econamic losses dimension (Mio Eura) Fessible financial losses related to the C1 degradation.
v #| (%) CID: Environmental impact dimension Negative impact on the environment caused by the CI degradation.
v | |®) CID: Live and injury dimension Loss of lves and/or injuries related to the CI degradation.
v #| | %] CID: Socal impact dimension Negative impact an the society caused by the CI degradation.
I #| %) EE: Generation of threats/hazards to the external C1 Possibility to generate threats/hazards impacting the external Clis (escalation effects).
v #| %) B8 Increasing vulnerabilities to threats/hazards in the external C1s  Increasing vulnerabilities of the external C1 to threats/hazards.
o #| (%) 182 9 to internal Increasing the CI internal vulnerabilities to the internsl threats/hazards.
v #| %) IE: Internal threats/hazards generation Possibility to invoke additional mternal against the Cl effects).

Figure 2. Event multidirectional impacts measures (CID, IE, EE) in OSCAD-CIRAS [23].
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For all loss categories the same number of loss levels are defined (here: five): from Level 1

(the lower level) to Level 5 (the upper). Each level gets a clear interpretation. This way the loss
matrix, i.e., the basic BIA tool, is defined and shown in Figure 3. The “CID: Economic losses dimension
(Mio Euro)”, “CID: Live and injury dimension” and “CID: Social impact dimension” loss categories

were defined according to the propositions from [4], others by the author.

Business loss matrix

Business loss category Levell Level2 Level3 Levela Levels
CID: Economic losses dimension (Mio Euro) ([#)<02 |#]0.1-1) (211, 100) |#[10-100) (#)= 100
CID: Environmental impact dimension (#|Mo impacts or | [#|Minor impacts (& |Major damages || Severe (] very large area impacted, e.g.
not significant (limited area, (considerable damages country, recovery time =20 years)
impacts recovery time area, e.g. plant (broad area,
(surrounding < 5 years) area, recovery e.g. region,
area, recovery time 5-10 recovery time
< 1 year) years) 10-20 years)
CID: Live and injury dimension |#*]< 4 injured |#)4-30 injured |#]1-2 fatalities, | [#*|3-20 fatalities, |#]= 20 fatalities,
Jseriously ill Jseriously ill 31-100 injured 101-500 > 600 injured /seriously ill
/seriously ill injured
Iseriously il
CID: Social impact dimension [#*|Nene or nat |#*Minor social [#|moderate |#*serious |#*|Migration from the affected area or
ignificant d dissatisfaction, di ction, country
possible possible
episadic demonstrations
demon- , strikes, riots
strations

EE: Generation of threats/hazards to the external... [ |Neglibible. No &% |Minor damage. | [#*|Major damage. [#]Severe loss. 6-

|| Catastrophic. More than 10

threats/hazards ~ 1-2 3-5 10 threats/hazards influence more than 2
generated threats/hazards threats/hazards threats/hazards external Cls
influence a influence a influence 1 or 2
single external single external external Cls
=] a
EE: Increasing vulnerabilities to threats/hazards i... |#*|Negligible No #*|Minor |#*)Increased 3-5  #*|Increased 6-10 | [#*|More than 10 increased vulnerabilities
influence on damage Incr vulnerabilities wvulnerabilities of 2 or more external Cls
the external eased 1-2 of a single of1or2
=5 vulnerabilities external CI external Cls
wvulnerabilities of a single
external CI
IE: Increasing vulnerabilities to internal threats/h... |#*|Negligible No |#*|Minor |#*)Increased 3-5  #*|Increased 6-10 | [#*|More than 10 increased vulnerabilities
influence on damage Incr wulnerabilities wvulnerabilities of the considered CI
the internal CI eased 1-2 of the of the
vulnerabilities vulnerabilities considered C1 considered CI
of the

considered CI

IE: Internal threats/hazards generation (#|negligible No ¥ |Minor |#* | Major (#)severe |#*| Catastrophic  More than 10
threats/hazards  damage 1-2 damage 3-5 loss  6-10 threats/hazards of the 1st generation
issued threats/hazards ~ threats/hazards ~ threats/hazards  issued for the considered CI OR mare

of the 1st of the 1st of the 1st than 5 threats/hazards of the 2nd
generation generation generation generation issued for the considered
issued for the issued for the issued for the CI OR the 3rd or next threats/hazards

Figure 3. Business loss matrix used for BIA analyses.

The BIA analyzer operates on three main categories of impacts (CID, IE, EE) and their loss

categories shown in Figure 3. For each CID, IE, EE impact category the worst case value of loss
categories is selected as a partial BIA result, marked as CIDval, IEval, and EEval. The BIA aggregated
result, depending on the chosen calculation model, is defined by very simply functions:

e for the worst case model (WCM):
BIAvalue = WorstCase of (CIDval, IEval, EEval) 1)
e  for the total model (TM):
BlAvalue = CIDval + IEval + EEval )
e  for the product model (PM):

BIAvalue = CIDval x IEval x EEval 3)
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In the example discussed in the paper, BIA considers three main categories of losses (CID, IE, EE)
and five levels of losses (1 to 5). It means that the range of the BIA aggregated results can be: 1 to 5 for
WCM, 3 to 15 for TM, and 1 to 125 for PM. The kind of the calculation model is configurable. The WCM
model is chosen due to its simplicity.

For the RA analysis the risk value is expressed as:

Risk = Eventlikelihood x Event consequences 4)

The RA “Event likelihood” measures, based on [12,18], are presented in Table 1, and their
implementation in the OSCAD-CIRAS dictionary is shown in Figure 4. The number of likelihood
measures is fully configurable — here five levels are assumed.

Table 1. Event likelihood measures.

Level of measure  Frequency per year Description
Fairly normal .
5 1-10 Event that is expected to occur frequently
Occasional 10-1-1 Event that may happen now and then and will normally be
4 experienced by personnel
Possible . . .
3 1073-10~1 Rare event, but will be possibly experienced by personnel
Remote 10-5_10-3 Very rare event that will not necessarily be experienced in a
2 similar plant
Improbable
P 1 0-10—5 Extremely rare event
Event likelihood dictionary AT
Name Description: Value v
i ) Fairly normal Event that is expected to occur frequently. Frequency per year: 1 - 10 S
|#*] (%] Occasional Event that may happens now and then and will normally be experienced by personnel. Frequency per year: 0.1-1 4
;‘) |&. Possible Rare event, but will be possibly experienced by personnel. Frequency per year: 0.001 - 0.1 3
_' = Remote Very rare event that will not necessarily be expenenced in a similar plant. Frequency per year: 0.00001 - 0.001 2
,i_ = Improbable Extremely rare event. Frequency per year: 0-0.00001 1

Figure 4. Event likelihood measure in OSCAD-CIRAS [23].

The RA “Event consequences” measures are derived from the loss matrix categories. It is possible
because the BIA analysis precedes the RA one, and the measures of both are harmonized. Table 2 is
an example of mapping the BIA aggregated results (BIAval) on the RA consequences measures with
respect to the used calculation model.
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Table 2. The RA consequences derived from BIA aggregated results depending on the used BIA
calculation model (an example).

Mapping the BIA Aggregated Results on the RA Consequences for Different Calculation Models

RA consequences

for Worst Case Model (WCM) for Total Model (TM) for Product Model (PM)
Negligible damage
) 1 3-5 1-25
Minor damage 2 6-8 2649
2
Major damage 3 9-10 50-80
Seveif loss 4 11-13 81-100
Catasfsrophlc 5 14-15 101-125

The contents of Table 2 are implemented in the consequences dictionary (Figure 5). For further BIA
examples the measures with the “WCM_" prefixes are used, and the RA consequences are measured
in the range from 1 to 5.

Event consequence dictionary

Name 4 Description: Value
L:.’_) &J PM_Catastrofic When the range of BIA impact is: 101-125 5
|#*) %] PM_Major damages When the range of BIA impact is: 50-80 3
li,' &J PM_Minor damage When the range of BIA impact is: 26-49 2
,:} & PM_Neglhgible When the range of BIA impact is: 1-25 1
Li.i @ PM_Severe loss When the range of BIA impact is: 81-100 4
|#*] | %) TM_Catastrofic When the range of BIA impact is: 14-15 5
c’, éj TM_Major damage When the range of BIA impact is: 9-10 3
|#*) (3] TM_Minor damage When the range of BIA impact is: 6-8 2
|#] |38 T™M_Negligible When the range of BIA impact is: 3-5 1
Li) & TM_Severe loss When the range of BIA impact is: 11-13 4
|#) |38) WCM_Catastrofic When BIA impact=5 5
|#*) | %) wcM_Major damage When BIA impact=3 3
|#) %) WCM_Minor damage When BIA impact=2 2
|#”) [38) WCM_Negligible When BIA impact=1 1
|#*| 3| WCM_Severe loss When BIA impact=4 4

Figure 5. Event consequences measures for different BIA calculation models implemented in the
system dictionaries.

2.4. Risk Assessment Method Implemented in OSCAD-CIRAS

The risk assessment method proposed in the paper takes into account previously specified
requirements, including the CIRAS RRA requirements, and the abilities of the OSCAD software
platform [13].

This method is embedded into the process, which ensures the resilience of the given CI, e.g., RaT
ECI. The general scheme of the risk assessment process is presented in Figure 6. The risk assessment
processes run concurrently in each of the collaborating infrastructures.

The risk assessment process running in the given CI gets from the resilience analysis a set of
basic critical risk scenarios, dependency network diagram and any other risk-relevant information.
There are three risk scenarios repositories:
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e  for basic risk scenarios, obtained from the resilience analysis;

e for externally generated hazards for the given CI; the EE-related risk scenarios are identified
outside the CI;

e for internally generated hazards for the given CI, causing secondary impacts (the IE-related
risk scenarios).

The assessment process starts from the basic scenario of the highest criticality obtained from
the resilience analysis. First, BIA (a consequences analysis) is performed, and its results encompass
the following:

e Clinternal damages (CID)—CIDval,
e generated internal hazards (IE)—IEval,
e generated external hazards (EE)—EEval.

The aggregated BIA result is identified as the function of CIDval, IEval, EEval, according to the
calculation model (here, for WCM: BIA result is the maximal value of CIDval, IEval, EEval).

Next, RA (a causes analysis) is launched to identify threat/vulnerability pairs leading to the
hazardous event. Their likelihood is assessed. OSCAD requires the event consequences input as
well. In this case, the BIA-derived value is introduced by default. During the risk management
process, the risk is reassessed after the countermeasure implementation (the risk after), and if the
countermeasure affects the event consequences, e.g., data backup, the default value (from BIA) can be

Risk scenarios identified I
during resilience analysis

for given asset /process

corrected manually.

Resilience
analysis

Basic risk scenarios.
= the mast eritical in O

Explanation:
HE = Hazardous Event related to asset of process
BlA— Business Impact Analysis [AORA S PORA]
RA - Risk Assessment [ACRA or PORA]
€10 - C1 degradation
EE = External escalation
IE - Internal escalation
= data flow
—3 control flow

Incoming
EE-related risk scenarios

Select next scenario (HE)
for given asset fprocess

Qutgoing
EE-related risk scenarios

1E-related
risk scenarios

Selact next asset [process
and repeat this cycle for
all scenarios

Figure 6. General scheme of the risk assessment process in a critical infrastructure.

After completing the BIA/RA pair, its results are analyzed. When the EE impact occurs,
the warning about the generated hazard (embracing causes and consequences: new threats and/or
increased vulnerabilities, external impact, risk and impact values, efc.) is formed as the EE-related
risk scenario and sent to the potentially impacted CI to be considered in the risk assessment process.
The risk communication process (an important part of the whole CIs risk management framework) is
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responsible for exchanging such warnings between the collaborating and dependent infrastructures.
This EE-related risk scenario is placed in the external hazards repository of the warned CL

Next, the IE impact is analyzed. When the impact occurs, the IE-related risk scenario is defined
(a record embracing the causes and consequences: new threats and/or increased vulnerabilities within
the considered CI, secondary impact, risk and impact values, efc.) and added to the internal hazards
repository. Moreover, this newly generated internal hazard is assessed (BIA-RA). This secondary effect
may cause new secondary internal damages (CID), an external impact (an additional EE-related risk
scenario) as well as a new IE-related risk scenario, which is placed in the repository and then analyzed
(BIA/RA). These analyses focus on internal escalation and are repeated until no internal secondary
effects occur. Then, the next basic risk scenario is taken into account and analyzed in the same way.
When all basic scenarios are finished, next the hazards externally generated for this CI are analyzed
similarly as the basic ones. The whole process stops when all basic and externally generated for this CI
are analyzed.

2.5. Scenario of the Validation Experiment

The validation deals with the railway and energy collaborating infrastructures and encompasses
one basic risk scenario: a catastrophe in an important railway node. To simplify the experiment,
both CIs are analyzed in the same OSCAD-CIRAS. They are distinguished by prefixes RaT and Ele.
Let us assume that this critical risk scenario is downloaded from the basic repository for the risk
assessment process.

Figure 7 shows four pairs of analyses of the validation experiment. Each pair, composed with
BIA-RA, represents a bow-tie idea. The following numeration rule of the particular pairs of analyses
is assumed: the basic scenario (called here the 1st iteration) has no postfix, for the second, third, efc.,
expressing the escalated impacts, the iteration number is followed by a postfix expressing the kind of
impact (ie, ee), i.e., 1, 2ie, 2ee, and 3ee.

I
Assets/processes < causes o[ consequences >
e I

BIA (Energy) ’—’-

il
-
-

Ele: Energy [
¥ —>
production
process |5

= RaT: Energy

BIA (Energy) i

RaT: Node \“-
>
[ |RA (Node) .
RaT:C=A: > o -
Securityzone ||~ Basic risk scenario

-l

(Security ’—"-
<

Figure 7. Validation scenario shown with the use of the bow-tie concept.

L 1
| Internalimpact on the security zone |
1

RaT:C=A: >
—> .
Security  |------ [ RA (Security

—>lz0ne
zone )

1D
cip

BIA (Node) \,,H
ciD
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The scenario is initiated by the event trigger which occurred in the RaT:Node (please note the
naming convention: CIname:AssetName) primary asset and caused a hazardous event, e.g., intentional
derailment seriously impacting the railway node area.

1st iteration

The “1 BIA(RaT:Node)” analysis identifies multidimensional impacts of this event. Please note
that the impacted asset or process is within the brackets. The internal degradation (mostly financial
consequences) which is caused by an intentional derailment is assessed (CID). BIA proves that
this event:

e impacts the external infrastructure Ele as the coal transport for the power plant is stopped for a
long time (EE-related risk scenario generated); normally this should imply sending this scenario to
OSCAD-CIRAS working in Ele CI, but here both CIs are simulated in one OSCAD-CIRAS instance;

e  breaches the security zone (countermeasure) which is a secondary asset of RaT:Node; IE-related
risk scenario is generated and placed in the internal repository.

The “1 RA(RaT:Node)” analysis identifies causes of the hazardous event and the related risk.
Because secondary effects are revealed, they should be further analyzed, causing the next iteration,
instead of taking a new basic scenario.

2nd iteration

Due to the external escalation (EE), extra analyses for Ele CI (energy production in the power
plant) are performed:

e  “2ee BIA(Ele:Energy)” identifies the CI degradation caused by an externally generated threat;
it does not identify any internal impacts (IE), but identifies backward external impacts to the RaT
infrastructure (energy provision for the RaT:Energy); this implies the 3rd iteration;

e “2ee RA(Ele:Energy production process)” identifies how coal delivery disturbance impacts the
energy production process (here the process-oriented approach is applied).

Due to the internal escalation (IE), extra analyses of the security zone are needed:

e “2ie BIA(RaT:Node—Security zone)”,
o  “2ie RA(RaT:Node—Security zone)”.

Please note that a secondary asset is preceded by “—”. The related BIA identifies secondary CI
degradation caused by a breach in the security zone (here: theft) but does not identify any further IE
or EE impacts.

3rd iteration
Due to the external threat generated by Ele for RaT:Energy, two extra analyses are performed:

o  “3ee BIA(RaT:Energy)”,
e  “3ee RA(RaT:Energy)”.

The additional CI internal degradation is assessed, and no internal/external escalations are
detected. In the 3rd iteration both RaT and Ele infrastructures achieve a stable state and therefore no
further analyses are needed. Particular analyses were performed during the validation process.

2.6. Running the Validation Experiment

The validation experiment embraces eight analyses (four BIA, four RA) performed in
OSCAD-CIRAS according to the scenario shown in Figure 7.

The left side of Figure 8 presents the OSCAD-CIRAS menu/submenu depending on the context
of the operation, here: risk analyses. The right part shows all performed analyses, their status,
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and risk acceptance parameters (not discussed here). It is an entry point to view /modify the details of

each analysis.

Warsssas | Rawisien: I774 § 20130307 Unees wheislan [Biskes Andrani] O Log out =37 4%

@S{]ﬂo icirg & Analyzer SFHE »

e Awraes staes s = ie] | Swerchterenn
Risk analysis ABLAPRIA i | Dwtaia s Show ) cure | mated | Clearfiher |
Show ssalyses v Aeshry srere.. g | Oetails | (o] pendeg || sechenl
] ret accepred
Mo Pracess Orasnted B1A .
L Name s Comcemns ©
New Asuet Drisated 014 L ampletion
ABIA  » 1 BIA[RAT:Node) |#] Protected sssats group-RaT:Radway mode
Mew Axsat Oriwated isk Anshysis LORA  + 1 RA(RAT:Nede) |#) Protected sasets group:RaT:Rakway node
New Fracens Oramied Rick Anshyuis ABIA v Jem BLA(E-Energy) |#) Promcied ssests group:Be: Delvered anergy
Anslysis Dictionsras FORA  » Jee RA[Be:Energy production process) #| ProcessiBe Energy production
ABIA  + e BIA{RAT:Node-»Securty rone) | Protactes nasets greup:A=CiSecunty 2one
ADHA  w Jim RA[RATiNode->Securty sone) #| Frotected sssmts greup-AeCiSecunty one
ABIA  « Jem BIA(RATiErergy) |#] Protected assets grovpsRaT: Energy
#) Protected sssets grove:iaT: Energy

ADRA = 3se RA(RaT:Energy)

& Busness loss matro ready  Goto.
& Mamimum level of sccepiable nak for processes 12.00
& wmimum ncoeptable risk level for protected assets group 200
D Process ssets crticalty threshold -
*, Giohel counterrmassars plan lack

Figure 8. OSCAD-CIRAS presenting performed analyses.

The four of eight performed analyses are exemplified in the following subsections.

2.6.1. Identifying Impact of the Railway Node Crash—*1 BIA(RaT:Node)”

This BIA analysis assesses multidirectional impacts when the railway node crashes.
“1 BIA(RaT:Node)” embraces three main impact categories, represented by three OSCAD-CIRAS
tabs: CID (Figure 9), EE (Figure 10), IE (Figure 11).

Edit BIA analysis for the protected assets group

Analysis information Documents  Rights External escalation (EE) Internal escalation (1E) €1 degradation (C10) Analysis results

Justification

Business loss categary [1day] [1 [ &)
weel

month]

CID: Econamic losses dimension (Meo Eura) # Ona day of tha node unavadability may cause 1 min Eurcs of financial
C1D: Emaronmental impact dimension # No impacts or not significant impacts.
C10: Live and imjury dimension # No smpacts or not sagnificant impacts.
C1D: Socal impact demension # Longer unavailability of the node may cause some minor dissatisfaction of
.[E.- Generation of threats/hazards to the external... & NA I
EE: to - £ WA
1€: Increasing vulnerabilibes to internal threats/h... # NA
# WA

1E: Internal threats/hazards generation

Figure 9. The BIA analysis for the railway node—internal degradation tab.
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Edit BIA analysis for the protected assets group SEEE

Analysis information Documents Rights External escalation (LE) Internal escalation (1E) C1 degradation (CID) Analysis results

Business loss category s Level Justification
C10: Economic losses dimension (Mi 3 % 4 & NA
€ID: Environmental impect dimenaic (1 [ S @ # WA
CID: Live and injury dimension 1 2@ # wna
=
€10: Social impact dimension 1 =@ 4 A
il K2
EE: Generation of thrasta/hazards te 2 (= 44 # No funcboning of the raiway junction may cause breaks i fuel (coal) supply to electrcal power plants,
=

A break in fusl supply is a threat (generated external threat) for business continuity of the power plant - imsed productson.
# A breai in fuel supply may cause overicad of the electrical gnd.
£ NA

EE: Increasing vulnerabilities to thre 2

1E: Increasing vulnerabaties to inter 1

1E: [rernal threats/hazards generat | # NA

Figure 10. The BIA analysis for the railway node—external escalation tab.

Edit BIA analysis for the protected assets group LEEE @

Analysis information Documents. Rights. External escalation (EE) Internal escalation (IE) €1 degradation (CID) Analysis results

Business loss category 4 Level Justification

CID: Economic losses demension (M 1 |5 @3 # NA&
CID: Environmentsl impact dimensi @ A
CID: Liva and injury dimengion |@ # NA
CID: Social impact dimension @ # wa
EE: Generation of thrests/hazards b PR
EE: Increasing vulnerabilities to thre # NA

1E: Increasing vulnerabilties tointe 2 || 4 # Worse monitoring of the railway junction (in case of CCTV damage) makes it easier for external intruders 1o access the area.

1E: Internal threats/hazards geners 2

# 1) A CCTV system can be damaged due to an incident.
2) Recovery of the process with the particsipation of extra rescue services, The chacs during such cperations may cause that

Figure 11. The BIA analysis for the railway node—internal escalation tab.

The tool offers a possibility to assess CID-type losses in a certain number (here: five) of time
horizons (Figure 9). Please note that CIDval = 4 (worst case value).

Figure 10 presents the assessment of the external impact of the crash in the railway
node. The disturbance in the Ele critical infrastructure is possible because coal transport failed
(limited production, network overloading). Please note that EEval = 2.

Figure 11 presents the assessment of the internal impact of the crash in the railway node. The crash
may breach the node protection system (security zone, CCTV) raising vulnerabilities to other threats.
This may cause negative secondary effects. Please note that IEval = 2.

Assuming that the worst case model is used, BlAvalue = max(4,2,2) = 4.

2.6.2. Causes of the Railway Node Crash—"1 RA(RaT:Node)”

Figure 12 exemplifies the “1 RA(RaT:Node)” analysis, mentioned in the validation scenario
(Figure 7). Apart from the train derailment (a green frame), some other node risk scenarios are listed,
like: manipulation in the train depot, power supply failure, theft of equipment, but they are not
discussed here.
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Edit AORA analysis for asset group: RaT:Rallway node L0 w

Analysts information Documents Rights Calculate risk Analysis results

Protected assets group: RaT:Railway node

Threat/Vulnerability Likelihaod Consequence Count. class  Count. impl. ke Risk (& 1 ] [« cost
Derailment - intentional 12.00 I’-;i L] 112000 (69000)
Insufficient protection " (s) (1) (1) #, 7 (s.00) ¥ o
Larpe areas and facilties EX ) 4(4) 1(1) 1(1) # 12.00 (8.00) L ] 212000 (69000)
|| Low swareness it i) (1) Rt L4 # (8.00) ]
Manipalation in the train depot 7 3 0
Insufficient infrastructure protection ? ? ? ? # ? r ]
(2 Low awareness ? ? 7 7 2 7 . o
Power supply failure 1.00 (9.00) Q 40000 (0)
Sensitivity to lack of pawer supply 23 3 2(1) 3 # 1.00 (5.00) -] 40000 (0}
Theft - equipment 7 (7.50) r 138000 (136000)
(%) Insufficent infrastructiure protection Ed ) gt ) (1) T 1L.d] ? (7.50) J E9000 (65000)
Large areas and facilties 7(5) 73 () Ti2) # ?(7.50) | 9000 (69000

Figure 12. The RA analysis for the railway node.

The event triggered in the railway node is classified as “intentional derailment”. The derailment
is possible due to the following exploited vulnerabilities:

e  “Large areas and facilities” of the railway node — difficult to monitor,
e  “Insufficient infrastructure protection”,
e “Low awareness”.

For each pair threat-vulnerability the risk is assessed. Each pair has consequences from BIA
(BIAvalue = 4). Please note the pair: “Derailment—intentional”—"“Large areas and facilities”.
The implementation of the countermeasures package (security zone, CCTV cameras, additional
fences, police guards), not shown here, decreases the likelihood from “Possible” (3) to “Remote” (2),
with the same consequences (4), and the risk from 12 to 8 (max. value is 5 x 5 = 25.0). Please note
that the countermeasures cost rises from 69,000 Euros to 212,000 Euros (for the given package of
countermeasures the cost is assigned).

Certain parameters, like countermeasure class or implementation level, are not used in the paper.

2.6.3. Causes of Breaching the Node Security Zone—"2ie RA(RaT:Node—Security Zone)”

During the IE assessment (Figure 11) a breach of the node security zone was identified implying
two analyses:

e  “2ie BIA(RaT:Node — Security zone)”—to assess impact related to this event, like: “Significant
financial losses possible in case of long-lasting disturbance in functioning of security zone”, neither
IE nor EE are detected—BIA not shown;

e “2ie RA (RaT:Node — Security zone)”—presented in Figure 13.

Edit AORA analysis for asset group: A=C:Security zone

Analysis information Documents Rights Calculato risk Analysis results

Protected assets group: A=C:Securily zone

Threat/Vulnerability Likelihcod Consequen Count, clas Count. imp  Risk (target/current) Countermeasurs cost
Unauthorized access - security zone breached .00 (15.00) 60000 (0]
CCTV fauhs or damage 204) 3N 1) ERtY] ’ 2.00 (12-00) 30000 (2)
Not sufficent control dunng the recovery operations. 205 303 1) ) #| 2.00 (15.00) 30000 (0)

Figure 13. The RA analysis for the breached security zone.
The breached security zone becomes more vulnerable because the CCTV system was damaged

and the node was not properly watched due to the recovery process in the node (resources shortage).
For this reason, unauthorized access is more realistic.
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Please note that the security zone plays twofold role, therefore in the system dictionary a special
category A = C (Asset as countermeasure) was defined.

The security zone is a barrier, a countermeasure, and an asset belonging to the set of assets
representing the railway node. In OSCAD-CIRAS it is possible to asses risk for this node similarly to
other assets.

2.6.4. Identifying Impact of Energy Delivery Disturbance—"2ee BIA (Ele:Energy)”

While EE was assessed for the basic scenario (Figure 10), the disturbance of the fuel (coal) delivery
for the power plant was detected, implying two other analyses to be done for the Ele infrastructure:

e  “2ee BIA(Ele:Energy)” was made, which revealed the possibility of the energy delivery problem
(Figure 14); this may impact railways, therefore “3ee BIA(RaT:Energy)” and “3ee RA(RaT:Energy)”
are launched (not shown).

e “2ee RA(Ele:Energy)”; the process-oriented risk analysis (PORA) is applied to exemplify that
the process approach is possible in OSCAD-CIRAS; the analysis is focused on the causes of the
“Energy production process in the power plant” disturbance.

Edit BIA analysis for the protected assets group LSEE &
Analysis information Documents. Rights External escalation (EE) Internal escalation (1E) C1 degradation (C1D) Analysis results
Business loss category . Justification
CID: Economic losses dimension (Mio Euro) & NA
CID: Environmaental impact dimension # WA
CID: Live and injury dimensgion # NA
CID: Social impact dimension » WA

EE: Generation of threats/hazards to the exter # Power plant disturbance may lead 1o a break in energy delivery to other related Cis (Oil infrastructure, rail

EE: Irverab to th fhazard: # Sensitivity to overloads - inefficient power infrastructure.
IE: Increasing vulnerabilities to internal threats. # WA
1E: Internal threats/hazards generation p WA

Figure 14. BIA for the energy asset provided by the power plant (EE tab).

The implied, but not shown here “3ee BIA (RaT:Energy)” and “3ee RA (RaT:Energy)” conclude
that the disturbance of the railway energy system can be serious, still the probability is low thanks to
the implemented redundancy.

Please note that the event “Energy delivery problem” can be considered a common cause event,
because it impacts all energy dependent infrastructures. The validation scenario is simplified and
considers only one dependent infrastructure (RaT).

3. Results and Discussion

The paper presents the validation experiment related to risk management in critical infrastructures
with the use of the ready-made OSCAD software platform adapted for this application domain as the
OSCAD-CIRAS tool.

To develop this Cl-dedicated experimental tool, the following input was considered:

e  the general requirements for the CI risk manager [12], elaborated on the basis of publications,
laws, standards and tool reviews,
e the CIRAS project requirements.

The objective was to perform a case study and to acquire knowledge for the CIRAS project.
The question is to what extent the requirements are satisfied by OSCAD-CIRAS, i.e., whether
OSCAD-CIRAS is able to work as the risk reduction assessment (RRA) component within the CIRAS
Tool. The ready-made OSCAD was configured, equipped with the domain data (dictionaries, measures,
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different parameters, etc.), and the validation was performed according to the elaborated plan. As a
result, the OSCAD-CIRAS experimentation tool was worked out.

3.1. Meeting Basic Requirements

Reviewing the basic requirements (Section 2.1.), the following conclusions are possible.

(1) OSCAD-CIRAS takes into account the CI specific phenomena, such as common cause failures,
cascading and escalating effects, as well as interdependencies between CIs, though OSCAD-CIRAS
should be supported by a resilience analysis. During the validation experiment it was shown that
OSCAD-CIRAS is able to consider the following:

e common cause initiating events; for the given hazardous event BIA is able to detect hazardous
events, that are implied by the given hazardous event, in all dependent infrastructures by
generating many outgoing EE-related risk scenarios; this possibility was mentioned in Figure 14
(Ele => RaT, Ele => Oil, Ele => Gas) but was shown only for one dependency path (Ele => RaT);

e cascade initiating events; apart from internally triggered hazardous events, the RA analysis
considers external triggers incoming from other infrastructures as the incoming EE-related risk
scenarios; the considered impacted CI depends on infrastructures which generate these scenarios;
this possibility is represented by the following analyses:

= “2ee RA(Ele:Energy)”’—a coal delivery problem may disturb the energy production process;

= “3ee RA (RaT:Energy)”—an energy delivery problem may disturb railway transport;

e cascade resulting events; BIA is able to detect any hazardous event resulting from
the original event which impacts a dependent infrastructure; this was represented by:
“1 BIA(RaT:Node)”/Figure 10, “2ee BIA(Ele:Energy)”/Figure 14 and “3ee BIA (RaT:Energy)”
(not shown);

e escalating events; BIA performed in the first infrastructure is able to detect a hazardous event
in the second impacted dependent infrastructure, and BIA performed for the second impacted
infrastructure is able to detect a hazardous event in the third infrastructure, and so on; this was
exemplified by the analysis chain for RaT => Ele => RaT (Figure 7—a red line).

(2) The bow-tie concept embracing the analysis of consequences and causes was implemented as
the pairs of the RA-BIA analyses. It was exemplified by the analyses chain shown in Figure 7. Usually
BIA precedes RA.

(3) The risk register is represented by the OSCAD-CIRAS data (assets—primary and secondary,
processes, threats, vulnerabilities, risk scenarios, countermeasures, efc.)—some data are predefined
(dictionaries), some created during the performed analyses.

(4) Risk measures are configurable: categories of losses, number of loss levels and their
interpretation, number of time horizons, likelihood levels and their interpretation, e.g., in the frequency
domain, calculation models and formulas for risk assessment.

3.2. Meeting CIRAS Project Requirements

As for the CIRAS project requirements (Section 2.1), the following conclusions are possible.
(1) OSCAD-CIRAS is able:

e  to assess risk before a measure is implemented and reassess the risk for a certain number of
security measures alternatives considered for implementation,

e to take into account cost-benefits factors and qualitative criteria dealing with the security
measures alternatives.

The validation scenario, simplified for the purposes of this article, was focused on the risk
assessment before the countermeasure was implemented. However, the selection of measures in
OSCAD-CIRAS, which is a part of the risk management process, needs additional explanation.
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Figure 15 shows an example of security measures selection (the example slightly differs from the
validation example) for the given threat-vulnerability pair. It is assumed that the “risk before” the
measures implementation was assessed earlier (Current state tab). The decision maker who selects
countermeasures for implementation may define several security measures alternatives (here three,
marked A, B, C). Each alternative represents a coherent package of countermeasures, with their risk,
cost, benefits, qualitative criteria and other parameters. Then the most advantageous alternative is
selected for implementation.

Wk trastment | ooniad asiers g x
|
Threat: Bomb in Weak phy of security i &)
Current state | A B c Security measure . |
* CCTV
Event consequence:  (80) 24 24 - S
w» Intrusion detection for substations
Event likelihood: () 3 Possible |- Conival
» Security Operation and Centre (S30CC)
Total investment cost: (o) 110 Rare event, but will be possibly expenenced by
Skk Foia et © 230 parsennal. Fraquency per year: 0,001 - 0.1
Total future benefits: () 350
Riskc: (320.00) 36.00
Description:

Security measure class: [£)] 2 | Advanced -

Security measure impl. level: {1) 1

Figure 15. OSCAD-CIRAS risk manager—considering security measures alternatives.

To support the decision maker in this process, some aggregated data from RRA, CBA and QCA
are available on diagrams (note the button “Comparison of security measures alternatives”, marked by
the red frame). An example of a diagram, related to CBA parameters, is shown in Figure 16. Please note
other tabs.

Risk levels CBA parameters QCA parameters Relation of alternatives cost to the risk level Unitary risk cost
[ It | L

|| Totalinvestment cost
|| Total future cost

B Total future benefits

anjea

Alternative A Alternative B Alternative C

Alternative

Chartseries | selected3 v

Figure 16. OSCAD-CIRAS risk manager—considering external cost-benefit parameters.
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More detailed graphs, tables, reports related to particular alternatives will be available from
the CIRAS tool level. Currently they are under development. OSCAD-CIRAS is able to exchange
(through developed web services) information with the CBA and QCA components during the decision
process dealing with the security measures selection

(2) Other issues related to the project requirements were discussed previously, like the ability to
consider the CI specific phenomena and cross-sectoral dependencies, to analyze causes and impacts of
hazardous events, and to manage the risk register data.

Reassuming, the validation process is based on the planned scenario which encompasses two
critical infrastructures: railway transport (RaT) and electricity provision (Ele). Two kinds of escalation
effects are demonstrated:

e  those propagated through a CI internal path,
e  those propagated through a path crossing one or more CIs.

The consequences of hazardous events in a given CI can impact the same CI again and/or the
neighboring Cls, creating a complex sequence of impacts. The presented method allows to identify:

e  direct consequences occurring within the considered infrastructure (called here: CI degradation);

e secondary effects caused by breaching internal barriers (CI safeguards) and occurring in this CI
as the consequences of a hazardous event (called here: internal escalation); this escalation can
propagate further causing additional hazardous events—internal or external;

e secondary effects occurring in the external Cls as the consequences of a hazardous event
(called here: external escalation); they can propagate further, impacting other CIs or generating
internal escalations.

The scenario depends on the new risks identified during the analysis. The presented method
assumes (in the loss matrix for BIA analyses) that a new hazardous event (internal or external) can
be triggered as a consequence of a previous hazardous event. Internally triggered events result from
breaching the CI internal barriers. Events triggered within the external CIs can propagate thanks to
existing CI interdependencies. The risk assessment results give information if the hazardous event will
propagate internally and/or externally, or nowhere. It means that each risk situation may drive quite a
different scenario in the same set of infrastructures. If, during the analysis of infrastructure A, it was
detected that a breach in infrastructure B is possible (EE), then the risk analysis in infrastructure B is
needed and will be added to the risk analyses scenario. Otherwise, the analysis in infrastructure B will
not be added to this scenario. If, during the analysis of infrastructure A, it was detected that a security
barrier can be breached (IE), then the analysis in infrastructure A is needed and will be added to the
risk analyses scenario. Otherwise, it will not be added to this scenario.

For this reason, each scenario is here called a risk-driven scenario. It is assumed that
interdependencies are known—all paths with possible propagation of impacts are known.

4. Conclusions

The objective of the paper is to develop a structured risk management method for critical
infrastructures, embedded into the CI resilience process (Figure 6). The method distinguishes three
categories of impacts composed into the BIA loss matrix:

e  CID (direct CI degradation),
e IE (escalation by breaching internal security barriers),
e  EE (escalation by breaching security barriers in external ClIs).

The method is based on the commonly used risk management methodology, though it was
enhanced by three above mentioned features which allowed to take into account the following issues
(Section 3):
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e how a hazardous event which occurred in the given CI impacts the dependent Cls; this allows to
consider common cause initiating events, cascade resulting events, externally escalating events;

e how ahazardous event which occurred in external Cls impacts the given CI; this allows to consider
cascade initiating events, externally escalating events;

e secondary impacts of a hazardous event which occurred in the given CI and lead to an internal
escalation; this allows to analyze breaches in the multilayered protection system.

There are some extra features which make it possible to assess a critical infrastructure degradation
in several time horizons (CID-type consequences). In addition, they can assess several security
measures packages with respect to the risk reduction ability.

To elaborate, implement and validate this method, the research includes as well:

e theidentification of CI domain-related data, like assets, processes, threats, vulnerabilities, common
used countermeasures, efc., and put them into the OSCAD system dictionaries,

e  the risk parameters definition, i.e.;: scales of measures for likelihood, consequences, impacts
categories and levels, loss matrix, calculation formulas configuration,

e the planning of the validation scenario (to be simple enough and be able to exemplify all features
of the elaborated method),

e  performing validation to assess the feasibility of the proposed solution.

The paper gives substantial contribution to the CIRAS project. The aim of the research presented
in the paper is to acquire knowledge about the shape of the key component responsible for risk
assessment (RRA) of the CIRAS Tool. The case study was based on the ready-made business
continuity /information security management OSCAD software. During the research this software
was adapted to the critical infrastructure application domain, according to the identified requirements.
This way the dedicated OSCAD-CIRAS tool was developed. The near real data were prepared for the
critical infrastructure domain and the software was configured. According to the planned validation
scenario, the risk assessment within two collaborating infrastructures (railway, energy) was studied.
The case study gives information how to use OSCAD-CIRAS in the CIRAS project. The results of
research confirm that OSCAD-CIRAS can be applied as the RRA component.

The acquired knowledge was used by the CIRAS project team. Currently all components
(RRA, CBA, QCA) are integrated into the CIRAS Tool. The case study described in the paper is
the basis for two CIRAS project use cases.

The CIRAS project considerably extends the risk reduction assessment by additional CBA
(cost-benefits) and QCA (vague factors) assessments to obtain a full risk picture for the decision maker.
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Abstract: The subject of the paper is the analysis and evaluation of cross-border entrepreneurship
development opportunities on the basis of cross-border cooperation, which has gradually evolved
from consisting of bilateral partnerships to a networking model or even a cluster. The study
conducted at the Polish-Czech border area indicates that, in terms of the development of cross-border
cooperation, the economic sphere is lagging far behind social activities such as culture, education
and tourism. At the same time, Polish and Czech enterprises are not sufficiently mobilized to
develop cross-border entrepreneurship, although a number of support instruments in this regard
have been proposed. Sustainable development of the border should take into account both social
and economic aspects. An important research problem therefore becomes determining the possibility
of boosting the development of cross-border entrepreneurship on the basis of the existing forms
of cross-border cooperation, including cooperation in the social sphere. The aim of this paper is
to define the conditions and opportunities for the development of cluster cooperation in the area
of cross-border entrepreneurship. The author has attempted to resolve whether the intensity of
cross-border cooperation can be a factor which mobilizes companies to develop their cross-border
entrepreneurship and whether cross-border entrepreneurship can be further developed within the
cluster model.

Keywords: sustainable development of the border region; cross-border cooperation; cross-border
entrepreneurship; partnerships; cluster

1. Introduction

Processes occurring in the world economy have a significant impact on the functioning of
enterprises, regardless of the scale of their business activity. Increased globalization favours the
expansion of large transnational corporations, whereas simultaneously in the economy, there are
many mechanisms stimulating the development of small and medium-sized businesses. Smaller
enterprises, mostly operating on a regional or local scale, also have good prospects on the market,
and also show a tendency for integration (also with larger companies), for example as clusters [1].
Clusters are a form of partnership aimed at developing cooperation between enterprises, but also
local governments, academic institutions and business environment institutions, located in immediate
geographical proximity and representing related sectors. These two strategic conditions are necessary
to form appropriately strong bonds between the participants of a cluster.

An impulse for the development of any form of cooperation, including cooperation within the
clusters, can be both the needs and expectations of interested entities as well as external factors
encouraging integration. Particularly favourable system conditions, aiding the development of
cooperation, are created in border regions. In contrast to many well-developed border towns in
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Western Europe or East Asia, Eastern Europe border regions are developing rather poorly, especially
in economic and social terms. They are disadvantaged and at risk of marginalization, requiring
special support. The reason is certainly the geopolitical situation in the communist bloc, which has
pursued a specific policy of borderland development. Until the fall of the communist bloc, obtaining
a passport was only possible for some citizens cooperating with the authorities. Until Poland and
the Czech Republic joined the Schengen Zone on 21 December 2007, each crossing of the border was
associated with the control of documents. Before freely crossing the border was allowed, the border
area, as a militarily strategic zone, was excluded from priority economic and social investments, and
it was patrolled by the army in the large part. In a social sense, crossing the border was seen as an
extraordinary necessity, not as a privilege of border residents and other citizens. This possibility was
exploited only in specific situations. The border was therefore divided and not united, which at present
means the process of cross-border cooperation between Poland and the Czech Republic, despite its
undeniable dynamism, is not progressing as fast as in other regions of the world.

Integration activities, stimulating the development of border areas, are undertaken both
at the level of the European Union, as well as individually by neighbouring member states,
which are in favour of cross-border business development and socio-economic integration of the
neighbouring communities.

So far, in cross-border cooperation, both in terms of social as well as economic cooperation,
bilateral partnerships are the dominant type of cooperation existing between local governments
and NGOs, and occur much less frequently between enterprises. There is no doubt that bilateral
cooperation between the same partners continuing for a long time strengthens cross-border relations,
yet does not fully serve the development of border areas. In order to effectively counteract the
development-related problems of these areas, it is both necessary to form new partnerships between
entities that have not worked together before as well as develop networking opportunities. Currently,
most examples of networking occur in the social sphere whereas at the economic level they occur
only occasionally. In order to balance this trend, it is necessary to define mechanisms to encourage
cross-border entrepreneurship development and economic cooperation of a networking nature that
could develop as clusters.

Analysis of cooperative relations occurring in the borderland has encouraged the author to
consider the opportunities for cluster cooperation development in these areas. It is fostered by both
a natural tendency for cross-border integration, as well as the external conditions, resulting among
other factors from the socio-economic policy of neighbouring border regions and the European Union's
system support, e.g., in the form of the INTERREG VA 2014-2020 funds [2].

The aim of the paper is to define the conditions and possibilities for the development of cluster
cooperation in the area of cross-border entrepreneurship. An example of Polish-Czech cross-border
cooperation between Silesian Voivodeship (Poland) and the Moravian-Silesian Region (Czech Republic)
was used to measure the level of development of cross-border entrepreneurship. The author has
attempted to resolve whether the intensity of cross-border cooperation can be a factor that mobilizes
businesses to develop their cross-border entrepreneurship and whether cross-border entrepreneurship
can thrive in the cluster model.

In the studied area, qualitative research was conducted: desk research and quantitative research
involving IDI, CATI, CAWI and CATI and PAPI data collection methods. In this paper, the author
used qualitative research (IDI), implemented in 2014 by the TRITIA association and the Regional
Development Agency in Ostrava, on a sample of 30 Polish and Czech companies. Research topics
related to the motives and the process of the development of cross-border entrepreneurship and other
conditions related to their activities at the border. As part of this study, several case studies were
undertaken of companies developing their cross-border entrepreneurship, including the company
run by the author in the field of consulting. In addition to these studies, the author has used her own
research conducted by means of the CATI method with 14 companies from the voivodeship of Silesia
and the Moravian country, identifying their level of interest in cross-border entrepreneurship, as well
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as their opinions about the barriers and benefits related to it. In order to identify potential regional
specializations which can form the basis for the development of future cross-border clusters, the author
also used her own qualitative research conducted in the years 2014-2015, including:

- survey methods such as: CATI, CASI and CAWI on a group of 466 Polish local government units
and 199 Czech local government units for assessing the current state of Polish—Czech border
cooperation, identification of factors shaping the development of this cooperation, the projected
directions of this cooperation and the main actors of this cooperation,

- survey using PAPI method, giving the possibility of creating in Polish-Czech Euroregion Cieszyn
Silesia—of a cross-border cluster in cultural and creative industries, which covered a total
of 40 entities from Poland and the Czech Republic, declaring their intention to strengthen
cross-border cooperation, including 18 Polish and Czech companies. These studies related to the
nature and extent of cooperation with the entities in the neighboring country, the key benefits of
cluster cooperation in the field of culture and creative industries as well as barriers to this process.

Conclusions from the study will serve as recommendations for entities responsible for cross-border
cooperation policy (e.g., regional governments, business environment institutions) whose task is to
create good conditions for the development of cross-border entrepreneurship.

2. Cross-Border Territorial Partnerships as a Form of Inter-Organisational Cooperation in the
Border Regions

Territorial partnership is voluntary and is based on the agreement between at least three
partners representing at least two of the three sectors: public, private and non-governmental.
These partners maintain autonomy and jointly implement long-term measures for the benefit of
a specific region. Within the framework of cooperation, they improve and monitor the partnership and
maintain the principle of equality in the sharing of resources, responsibilities, risks and benefits [3].
The development of territorial partnerships in the 1980s contributed to the popularization of the
local resources management model, involving—among others—the creation of more or less formal
organizations uniting representatives of public, private and non-governmental sectors in a specific
area [4,5]. Partnerships also developed through the process of European integration and the support
of cross-border cooperation, as well as the pursuit to strengthen the competitiveness of peripheral and
marginalized areas. Territorial partnerships bear a reference to cross-border cooperation.

The definition of cross-border cooperation was provided in the European Charter for Border
and Cross-Border Regions (1981) [6], the European Outline Convention on Transfrontier Cooperation
between Territorial Communities or Authorities (1980) [7] and the European Charter of Regional
Self-Government (1997) [8]. Generally, it can be stated that cross-border cooperation is one of the
forms of territorial cooperation of different types of units in the border regions, which might be
related to all areas, including entrepreneurship. A common historical origin and other important
similarities between neighbouring areas on the borderland (e.g., linguistic, cultural, constitutional,
social or economic) may aid in joining forces to achieve common development goals.

Cross-border cooperation applies equally to the activities of local authorities at various levels,
as well as to joint initiatives, e.g., non-governmental organizations or businesses. It aims to create
cooperation networks at local and regional levels, as a result of which cooperation on economic matters
can be fostered, while cultural and social barriers in local communities disappear [9].

The issue of partnerships was recognized, among others, in the regulation of EU structural
funds [10]. Traditionally, partnerships are a mechanism for the transfer of development policy to lower
levels of the hierarchy (top down policy). Partnerships are also agreements of entities at different levels
of the hierarchy, providing interested parties with influence and participation in the development
processes, both initiated at the lowest levels of cooperation (bottom up policy), as well as arranged at
higher levels (as mentioned above, top down policy) [11].

The principles of entering into cross-border partnerships have been stipulated in the Council
Regulation (EC) No. 1083/2006. Each country, depending on its needs and legislative capabilities,
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enters into partnerships with public authorities at various levels, or with other entities, including
NGOs, which can act as economic and social partners [12].

Currently, partnership is most commonly associated with various forms of cooperation
between institutions, entities and individuals in the implementation of common social, economic or
environmental goals. The essence of partnership consists in finalizing an agreement (but also civil law
or association agreement) by entities, institutions, organizations and individuals aimed at engaging
all the concerned parties in actions aimed at optimal use of the available resources and stimulating
multi-dimensional development, using various tools and cooperation mechanisms. The consequence
of the concluded agreement is to undertake joint ventures (projects, programs) of a different nature,
enabling achievement of common objectives.

An example of cross-border partnership are Euroregions—associations operating in the
borderlands of two or more countries, specializing in cross-border cooperation [13]. The main aim of
their activities is the removal of socio-economic inequalities, solving the problems of disadvantaged
and peripheral areas, building mutual trust and cooperation across borders [14] as well as promoting
cross-border entrepreneurship development and integration in other fields, e.g., education [15]. Such
goals are pursued by Euroregion Cieszyn Silesia. This forum of cooperation covers the border areas of
the Silesian Voivodeship (Poland) and the Moravian-Silesian Region (Czech Republic). In the Polish
and Czech part, there are two associations whose members are municipalities, NGOs and enterprises
engaged in Euroregion activity. Both active associations and their members have undertaken a
series of cross-border projects, some of which were carried out with the support of European Union
structural funds [16]. However, in the period following the completion of these projects, cooperation
was continued and further developed [17]. An example of such integration trends, based on the
implementation of earlier EU projects may be, among others, interest in creating a cross-border culture
cluster in the Euroregion Cieszyn Silesia. It is one of the examples of partnership activities, consisting
in the creation of local network structures or a cluster, based on the cooperation of persons, entities
and institutions interested in the development of a given territory.

However, increasing trends to further strengthen cross-border relations to form a cluster can be
observed, which allow for a departure from bilateral cooperation to multilateral interaction between
the main actors in the cluster. Sectoral clusters are among the inter-organizational networks, which
involve the transfer of knowledge [18] and other flows (material or information), as well as the
development of relationships (formal and informal), of which the most important are social. In the
networks of cooperation, the participation of enterprises, research units, administration [19], civil
society and those responsible for environmental issues [20] is necessary. Due to the institutional and
social nature of clusters, official relationships overlap here both structurally (between the cooperating
parties) and organically (between the people involved in the cooperation). Another aspect is that
friendly, neutral as well as hostile or competitive relationships [21] can form in the cluster. The number
of links, the types of actors and the industry specializations of the cluster have been captured by
M. Hennning, J. Moodysson and M. Nilsson [22]. They emphasized how important it is to direct
cross-organizational cooperation, including clustering, according to regional specializations. This leads
to the involvement of entities responsible for shaping regional policy, going beyond the typical areas
of clusters’ operation. This coupling of actions drives the competitive advantage of the region, and
various measures to strengthen inter-organizational cooperation in sectoral clusters were also included
in this paper. The author focuses on the example of the eastern part of the Czech—Polish border,
i.e., Euroregion Cieszyn Silesia, where a clear regional specialization in the field of culture and creative
industries is being established, and entities responsible for the regional policy of Poland and the Czech
Republic as well as for cross-border policy (i.a. TRITIA) are involved in integration policy. An example
would be, among others, interest in creating a cross-border cluster of culture and creative industries in
the Euroregion Cieszyn Silesia.
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3. Clusters as an Advanced Form of Cross-Border Cooperation Development

The territorial and integrative context of cluster activity is an important prerequisite to
considering the possibility of cross-border cluster development in borderlands. Low levels of
socio-economic development of border areas indicate the need for greater emphasis on the economic
aspects of integration and cooperation, which so far have definitely been outweighed by the social
aspects. Not only in borderland regions, an important feature of innovative and competitive
organizations is their propensity for cooperation, including the development of various types of
network relationships [23-25].

These are structures in which individuals and groups, acting independently, collaborate towards
achieving a common goal [26]. This cooperation may take the form of various types of territorial
partnerships, single and multi-sector, as well as networks and clusters [27,28]. The degree of
institutionalization of clusters is varied [29]. They involve mainly businesses, but also institutions
of operating in varied business environments, local governments at various levels, NGOs, local
development agencies, schools, banking institutions and the R&D sector, including scientific bodies.

A cluster is a geographic concentration of interconnected enterprises, specialized suppliers,
service providers, businesses operating in related sectors and associated institutions in particular fields,
competing with each other but also cooperating [30]. The cluster can also be defined as geographically
limited agglomerations of enterprises [31], together generating synergistic effects. There are many
other similar definitions [32,33]

A cluster is defined by the following key elements: the cluster members and the relationships
between them, generated knowledge and innovation, and the economic impact (economic effect) of
cluster activities.

The process of cluster development in a border area can be considered as one of the new challenges
of cross-border cooperation, which is currently evolving from consisting of bilateral partnerships
towards a networking model. Clusters serve in the cooperation of entities within a certain geographical
area, which provides the ability to initiate and develop direct contact between the participants in the
network. Another premise is the possibility of achieving synergy through joint action for the benefit of
the given community and territory. Clusters as a form of networks are often characterized by loose and
voluntary relationships, involving the transfer of resources between individuals, including the transfer
of information and knowledge [34]. Clusters are also characterized by specialization in a particular
sector or industry, affinity of the technologies and skills used, consistency between objectives and
products or services offered on the market [35].

In the long term, the success of the cluster is determined by the quality of internal collaboration
and having common objectives among its participants. It is also important to appoint a leader who is
able to animate and develop cooperative relationships within a cluster, despite many obstacles and
restraints that constrain this process.

Natural tendencies for integration, the popularity of inter-organizational cooperation, as well as
the availability of mechanisms supporting this cooperation (including structural funds) are certainly
important factors conducive to the development of cluster structures in border regions, which concern
external entities interested in the development of clusters and networks. The European Commission
indicates that the regions which combine risk capital, competence and high quality research on a
broad portfolio of clusters have a chance to become nodes of innovation [36]. Such development
impulses are important in border regions, often peripheral and marginalized, mostly characterized
by lower indicators of economic and social development, also with weaker potential than preferably
located areas. For these regions, especially important is access to valuable knowledge and the ability to
overcome various types of barriers to development, including barriers in cross-border relations, thanks
to which economic and social cohesion of borderland is fostered. In the process of “learning” in border
regions and developing cross-border cooperation, an important role might be served by clusters.

The location of the cluster in cross-border environments where various forms of cooperation are
very popular, including cross-sector partnerships involving entities from neighbouring countries, could
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become a catalyst for closer relations between cluster members. In general, the scope and objectives
of cooperation in the cluster are defined by partners themselves (entrepreneurs, local governments,
NGOs, etc.), but in the border region the broader context of cluster activity should be taken into
account—the desired and expected development of cross-border cooperation. Clusters have the chance
to become effective, future-oriented forms of cross-border cooperation which will contribute to a better
use of the diverse potential of the entire border, effectively overcoming barriers in building mutual
relations between neighbouring communities, as well as achieving more dynamic development of the
whole cross-border region. The development of cluster structures in the borderland contributes to
overcoming the negative aspects of the peripheral location of border areas, the use of the development
opportunities arising from the proximity of the neighbouring country, promoting the idea of European
unity and international cooperation, the spreading of the socio-cultural influences and innovations,
among other benefits

4. Cross-Border Entrepreneurship and Cross-Border Cooperation

Entrepreneurship is a result of the development of social relations. Entrepreneurs strive to create
value [37] and to improve their own personal well-being, but also that of society [38,39], which is
reflected in the wide economic development of the area in which they operate. The development of
entrepreneurship can be one of the indications of cross-border cooperation, leading to the improvement
of the socio-economic situation of marginalized areas. Social activities have an important role to
play here as well (e.g., joint planning at a cross-border level, events, cultural activities, education,
investment in infrastructure on both sides of the border, efc.), which makes the integration process
more natural and versatile [40]. According to P. Drucker, entrepreneurship as a mode of behaviour, can
be attributed to individuals, a team or institution [41]. Thus, in the regional system, the development
of entrepreneurship is the resultant behaviour of many entities with different business objectives.
In this sense, entrepreneurship refers not only to the business itself, but also to local governments,
non-governmental organizations or other entities in the business environment [42]. Of great importance
in the process of enterprise development are such factors as education and quality of intellectual capital,
intensity and diversity of support for growing businesses, the activity of local and regional authorities
in creating conditions conducive to economic revival, the social attitude of residents and the tradition
of entrepreneurship in the given area.

Cross-border entrepreneurship concerns many indications of economic activity beyond borders,
which usually include various forms of partnerships [43]. The cross-border location of economic
entities means that it is often not necessary to register a business activity on the other side of the border,
or else business activity is carried out there through another entity in the neighbouring border region.

The conceptual importance of cross-border entrepreneurship is thus determined by: the term
cross-border, which means exceeding national borders; and its transboundary nature, which entails
regular and continuous contact beyond national borders, with daily (institutionalized or not)
cooperation in the areas on both sides of the border [44].

Cross-border entrepreneurship represents an opportunity both for the development of the regions
as well as individual enterprises. The relationship between cross-border entrepreneurship and
cross-border cooperation is interdependent. On the one hand, cross-border cooperation stimulates
the development of entrepreneurship in marginalized regions, but at the same time, entrepreneurship
expanding across national borders is also an impetus for closer cross-border cooperation.

Cross-border entrepreneurship has an influence on capital, supply and sales markets, the search
for business partners, transfer of knowledge and know-how, acquiring staff and other resources of
interest to the partners on both sides of the border [45]. Cross-border entrepreneurship can also include
cross-border clusters and cooperation networks.
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5. Conditions for the Development of Cross-Border Entrepreneurship in the Silesian Voivodeship
and the Moravian-Silesian Region

The Silesian Voivodeship and the Moravian-Silesian Region are twin areas located on the
Czech-Polish border, which for many years have been brought together through close cross-border
cooperation. According to the data as of 31 December 2013, Silesian Voivodeship had a population
of approximately 4.6 million and occupied an area of 12.333 km?, while GDP per capita at current
prices amounted to 44.960 PLN (approx. 11 thousand Euro). On the other hand, the Moravian-Silesian
Region was inhabited by approx. 1.2 million people and occupied an area of 5427 km? and GDP per
capita at current prices amounted to 325.963 CZK (12 thousand Euro) [46]. Despite the differences
in the level of population and surface area, the economic potential of both regions is similar. In the
report “Doing Business 2015”7, in terms of the conditions for conducting business, Poland was ranked
32nd place, while the Czech Republic 44th place for 189 countries assessed, while in terms of barriers
in starting up a business, Poland was classified 85th, while the Czech Republic was ranked at 110th
place [47].

In both countries, there exist similar business solutions. A comparative analysis shows that both in
the Silesian Voivodeship, as well as in the Moravian-Silesian Region, a number of institutions operate
which support developing companies. These are mainly technology parks and entrepreneurship
incubators, as well as loan and delivery funds. In both regions, there are also grants from structural
funds available, and additionally in these areas, there is the possibility of tapping into EU funds
intended specifically for the development of borderlands which come from the Operational Programme
of Cross-Border Cooperation Czech Republic—Republic of Poland 2007-2013 and the Operational
Programme INTERREG VA Czech Republic-Poland 2014-2020. There are also funds available that are
intended for other entities, e.g., local governments, NGOs, labour market institutions, etc. which are
aimed at the development of cross-border entrepreneurship, among other goals.

Both regions (together with Opole Voivodeship—Poland and the Local Government Zilina
Region—Slovakia) are members of the European Grouping of Territorial Cooperation TRITIA (TRITIA),
which was established in 2013. In 2013, the implementation of the strategy for the system cooperation
of the regions forming the European Grouping of Territorial Cooperation TRITIA was conducted,
in which economic goals and the main tasks for achieving cross-border cooperation in the field of
entrepreneurship were established [48].

The objectives and activities that foster the development of cross-border entrepreneurship are
included in Table 1.

Table 1. Objectives and actions supporting the development of cross-border entrepreneurship initiated
by European grouping of territorial cooperation TRITIA, Ltd. TRITIA.

Kind of Objectives/Support Discription of Activities

Creating an environment for employment growth and the
development of cross-border economic space based on
entrepreneurship, geographic location, local human resources,
common history and the complementary strengths of all the regions

Overall objective

1. Establishing conditions for the development and
institutionalization of the different elements of cooperation
leading to the establishment of cross-border economic space

Specific objectives 2. Supporting the development of human resources and
administrative/institutional potential of the
cross-border region

3. Supporting cross-border initiatives in research, development
and innovation.
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Table 1. Cont.

Kind of Objectives/Support Discription of Activities

1. Pooling and cooperation of cross-border clusters

2. Cooperation of universities

3. Meetings institutionalisation of entrepreneurs from the
participating regions—brokerage event

4. The creation of cross-border economic forum
TRITIA—supporting the development of the business
community on the border

5. Promoting financial tools to support the SMEs sector and
institutions supporting entrepreneurship, enhancing the
attractiveness of the business environment and a culture of
innovation, together with raising the quality of public services
addressed to entrepreneurs

6. Cross-border development of the labour market

7. Coordination of cooperation of entities supporting

Selected forms of support entrepreneurship, e.g., regional development agencies,
chambers of commerce, etc.

8. Activities undertaken within cross-border cooperation of
entities involved in R & D and the entrepreneurs sector, aimed
at developing an innovative environment

9. Cooperation in the creation of cross-border products
supporting a culture of innovation (e.g., education activities,
academic entrepreneurship, cross-border innovation portals,
joint actions aimed at implementing innovation strategies, etc.).

10.  Investment in public infrastructure necessary to ensure the
development of entrepreneurship and innovation (science and
technology parks, entrepreneurship incubators, industrial
parks, innovation centres, efc.).

11.  Cooperation in other areas of R & D (research and
development), including fostering the integration of academic
and commercial spheres.

Source: own elaboration based on information about the project.

In 2014, TRITIA and the Regional Development Agency from Ostrava conducted a qualitative
study of 30 young companies (15 Czech and 15 Polish companies, each of which have been in
operation on the market for less than three years) among small and medium-sized enterprises in
the Silesia Voivodeship and Moravian-Silesian Region. The study was conducted as part of the
project "Sustainable economic activity", co-financed by the Operational Programme of Cross-Border
Cooperation Czech Republic-Republic of Poland 2007-2013. Respondents for the study were recruited
from among the companies leading innovation-oriented development activities and interested in
developing cross-border business, benefiting from the support of entrepreneurship incubators,
technology parks and other business institutions on the border. The research involved the development
of case studies examining the company’s development path with reference to cross-border interest in
entrepreneurship and integration with other companies operating on the border. In-depth personal
interviews (IDI) were also conducted as part of the study, and the respondents were asked, among
others, questions regarding the following issues:

- the process of creating companies and business conditions in the market,

- the scope of the offer and its development,

- the main market, including the market focused on cross-border cooperation,

- interest in the development of intellectual capital in their companies,

- cooperation with universities,

- interest in the sectoral integration and cross-border cooperation,

- recommendations on the stabilization of the company on a cross-border market.

The results of this study are shown in Tables 2-6.
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Table 2. Structure of cooperation.

Structure o

f Cooperation

Silesian Voivodeship (PL)

Moravian-Silesian Region (CZ)

2/3 of the surveyed companies were established
using a grant enabling unemployed people to start a
company. This implies the need to respect business
plans and running business activities mainly as a
self-employed person or hiring a few persons. Thus
the development of cooperation with other entities is
progressing rather slowly, as companies try to act
based on their own resources. The use of domestic
subsidies often restricts development cooperation.
Most companies have not given priority to acquiring
enterprises for cooperation purposes from
cross-border market so far.

For small businesses the biggest expense are wages,
and therefore they restrict employment to a
minimum, while they still prefer close relationships
with regular suppliers and close associates. In this
way permanent cooperative groups of enterprises are
formed whose business activity is a part of a common
product or service. Until present, this cooperation has
been focused on the regional market, companies are
not looking for business partners on cross-border
market, but some companies are already present in
this market as producers.

Source: own elaboration based on data from the project.

Table 3. The scale of business activity.

The Scale of Business Activity

Silesian Voivodeship (PL)

Moravian-Silesian Region (CZ)

In foreign markets, 6 companies operate (more than
1/3 of respondents), and for one of them exports
account for 90% of revenue. Three companies operate
on a cross-border market, the remaining three are
suppliers for Czech companies. In the vast majority,
however, the domestic market is their dominant
market, although all Polish respondents are
interested in the Czech market. Most companies
declare that they are too weak to compete in the
cross-border market.

In the foreign markets, 7 companies operate, 1
company already operates on a cross-border market,
others are investigating this market. The companies
claim that at the first stage of development they want
to focus on the domestic market since they do not feel
strong enough to enter foreign markets, including the
cross-border market.

Source: own elaboration based on data from the project.

Table 4. Development of human resources.

Development of Human Resources

Silesian Voivodeship

Moravian-Silesian Region

Most respondents have used specialist training in
their field and entrepreneurship before starting their
business. These people have gained expertise before
they established the company. More than 1/3 of
companies intend to continue specialist trainings also
in the scope of business activity.

Undertaking business activity was mainly driven by
the competence of the respondents and not different
types of incentives to establish a business. Despite the
wide range of courses, trainings, efc. self-education is
the dominant mode, as well as investing in language
learning. Companies are also willing to benefit from
the offer of free consultations, conferences and
meetings funded by, among others,

cross-border funds.

Source: own elaboration based on data from the project.
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Table 5. Collaboration with universities.

Cooperation with Universities

Silesian Voivodeship Moravian-Silesian Region

1/5 of respondents cooperate with universities in
projects, R&D services, and vocational education of
students. Much more popular is the cooperation with
NGOs offering companies specific advisory support
regarding business development, consulting and
training. Universities lack such an offer. Through
these forms of cooperation, respondents have contact
with cross-border partners, since universities and
non-governmental organizations often rely on
cross-border funds.

Nearly 2/3 of respondents cooperate with
universities with regard to research or educational
activities, e.g., organization of apprenticeships and
traineeships. No concrete results of this collaboration
have been indicated. Cooperation with universities,
which are beneficiaries of cross-border projects gives
businesses access to partners from the border area.

Source: own elaboration based on data from the project.

Table 6. Willingness to integrate.

Willingness to Integrate

Silesian Voivodeship Moravian-Silesian Region

The vast majority of respondents declare membership ~ Only one company is a member of a trade association,
or cooperation with trade or business associations, or  and the others did not have such a need or did not
even clusters (1 company). realize there was such a possibility.

Source: own elaboration based on data from the project.

The selected research findings presented above, because of the sampling mode (non-random),
reflect only indicative trends in the development of young companies operating in the Silesian
Voivodeship and Moravian-Silesian Region. The results indicate that the presence of the enterprise in
the border area market does not mean that it automatically treats the neighbouring market as a natural
expansion area. Awareness of the border is very strong among novice entrepreneurs. As companies
are focused on overcoming the initial challenges in starting up their business and gaining the nearest
market (mostly local), the prospect of cross-border market is quite remote for them. However, the
tendency to cooperate with universities and the development of human resources, which contributes
to improving the quality of human capital in the region, should be assessed positively [49].

In these studies, the author took personal part, since her Polish consulting company develops
cross-border entrepreneurship in three aspects: by serving Czech customers, through the procurement
of the suppliers from the Czech market and through the Polish-Czech consortium in which large
orders are provided. In addition to the cited studies, in 2015, the author conducted her own qualitative
research based on interviews with 14 companies (seven Polish and seven Czech companies) from the
provinces of Silesia and Moravia that maintain business relationships across the border. The conclusions
from the study are as follows:

- companies are interested primarily in acquiring specific cooperation partners (suppliers,
customers) in the area of industry in which they specialize, they attach less importance
to networking;

- companies expect cross-organizational cooperation, which will allow them to find market niches
and will quickly manifest in their revenues and profits, and they are less interested in the exchange
of knowledge, information, joint promotion, etc.;

- companies expect governments, scientific institutions and other business entities to take a
partnership approach in the development of cross-border entrepreneurship, but in this field, the
integration is still too weak and is characterized by differing interests;
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- companies indicate that the purchasing power of borderland residents is weak and competition
in the market large, and therefore entering the same sector on the other side of the border can be
afforded by only the most competitive enterprises,

- asa great aid in the development of cross-border entrepreneurship, companies point to direct
contacts on the other side of the border, e.g., Polish-Czech staff, participation in the Polish-Czech
Chamber of Commerce, participation in trade missions, participation in EU projects etc.

- as the key barriers to the development of cross-border entrepreneurship, companies point to: the
lack of an effective system of support for such operations on the border, the lack of sufficient
knowledge about the partner’s market, currency risk, a similar structure of demand on both sides
of the border and difficulties in producing a unique product, the bureaucracy, and the divergence
in regulations.

The above-described attitude of the surveyed companies represents a big contrast to the
above-mentioned actions supporting cross-border entrepreneurship which have been declared by
TRITIA and Regional Development Agency of Ostrava. Similar projects supporting the development
of Polish—-Czech business have been undertaken by Czech-Polish Chamber of Commerce in Ostrava,
Regional Development Agency in Ostrava, Innovation Support Centre VSB of Technical University in
Ostrava, Entrepreneurs Club in the Castle of Cieszyn, Regional Chamber of Commerce and Industry
in Bielsko-Biala and many other public and social entities, as well as local governments and their
associations. Analysis of the initiatives undertaken by these entities indicates that many companies
are monitoring the cross-border market, but do not have the courage to enter it. A meeting of Czech
and Polish entrepreneurs, sponsored by the Czech-Polish Chamber of Commerce in Ostrava, is held
annually in Ostrava and involves at least 150-200 companies from both countries, but it has not
focused on the development of specific business investments. Similar opinions can be found among
users of the Polish-Czech portal [50] which is a services platform in the field of cross-border economic
cooperation for small and medium-sized enterprises. Another portal [51] dedicated for the inhabitants
of the Polish-Czech border has a similar function. The development of cross-border business might
be perceived by businessmen as an innovation in approaching the market, for which they are not
yet ready. For many companies, innovative business solutions and the accompanying changes bring
uncertainty which is difficult to deal with [52].

While cross-border cooperation is for many local governments and other organizations on both
sides of the border a statutory requirement and a natural course of action, for other entrepreneurs
it is meaningful only when real profits can be generated. In contrast to public or social bodies,
entrepreneurs focus their activities primarily on the profit maximization of their own company, and
only later on the interests of entities in their surroundings.

It should be noted, however, that despite general declarations about the need to support
cross-border business, local governments do not see economic issues as a key area of cross-border
cooperation. In 2015, the author conducted on the Czech—Polish border a comprehensive study
assessing cross-border cooperation among a group of 466 Polish local government units and 199 Czech
local government units (differences in the number of respondents are due to the size of the areas
studied). The study was carried out by means of CATI, CAWI and CASI interviews. The elected results
of this study are presented in Table 7.
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Table 7. Evaluation of Polish-Czech border cooperation by local authorities in the border area.

Respondents form the Polish Part of Border Area (PL)  Respondents from the Czech Part of Border Area (SK)

Assessment of cross-border cooperation in selected areas

- culture 76.37% of positive answers - culture 53.36% of positive answers
- sport, recreation, tourism 76.64% of - sport, recreation, tourism 49.03% of
positive answers positive answers
- town-twinning 64.92% of positive answers - town-twinning 44.34% of positive answers
- safety 54.38% of positive answers - security 35.89% of positive answers
- environmental protection 50.76% of - environmental protection 30.13% of
positive answers positive answers
- economic cooperation 38.55% of positive answers -  economic cooperation 22.92% of positive answers

Selected factors shaping the development of cross-border cooperation

- the quality of interpersonal relations 77.02% of - the quality of interpersonal relations 65.97% of
positive answers positive answers

- joint acquisition of EU funds 80.92% of - joint acquisition of EU funds 50.53% of
positive answers positive answers

- historical affinity and geographical proximity - historical affinity and geographical proximity
47.04% of positive answers 59.76% of positive answers

- the economic interests 24.30% of - the economic interests 22.85% of
positive answers positive answers

The projected growth rate of the Polish-Czech border cooperation in the next 10 years

- cooperation will continue to develop—53.33% of - cooperation will continue to develop—49.95% of
positive answers positive answers

- cooperation will remain at a similar level—39.36% - cooperation will remain at a similar level—38.80%
of positive answers of positive answers

- cooperation will disappear—4.37% of - cooperation will disappear—7.90% of
positive answers positive answers

- there will be no cooperation—2.94% of - there will be no cooperation—3.36% of
positive answers positive answers

Projected development directions of Polish-Czech border cooperation in the next 10 years

- sports, recreation and tourism 21.48% of - sports, recreation and tourism 15.89% of
positive answers positive answers

- culture 16.48% of positive answers - culture 18.05% of positive answers

- education and higher education 5.19% of - education and higher education 10.47% of
positive answers positive answers

- economic cooperation 5.81% of positive answers - economic cooperation 3.47% of positive answers

The dominant partners in the cross-border cooperation for local governments

- local governments 45.79% of positive answers - Local governments 62.99% of positive answers
- NGOs 18.17% of positive answers - NGOs 10.50% of positive answers
- enterprises 4.83% of positive answers - enterprises 2.96% of positive answers

Source: own elaboration based on data from the project.

The above data indicates that economic relations occupy a marginal position in cross-border
relations as developed by the Polish and Czech local governments. Similar results were obtained for
the Polish-Belarusian-Ukrainian border area [53]. This is in contrast to the main assumptions of this
paper concerning the development of border areas. Sustainable development of the border should
take into account both social and economic aspects; meanwhile, currently cross-border cooperation
focuses primarily on social issues. This is evident both in terms of the leading areas of cooperation
(culture definitely outweighs the economy), as well as in the factors which are indicated as determinants
of development of cooperation. In this case, the historical relationship or the quality of human
relationships play much greater roles than common economic interests. The economy was also not
listed among the most frequently indicated directions of development of cross-border cooperation in
the next 10 years. It was outrun by sport, culture, tourism, efc. The study findings indicate that nearly
half of the surveyed local authorities stated that cooperation would continue to develop. The dominant
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model of cross-border cooperation for the coming years will be primarily based on public partnerships
and public-social partnerships, based on local governments and non-governmental organizations,
whereas cooperation with enterprises attracts relatively little interest.

The results presented above indicate that young companies located on the Czech-Polish border are
not sufficiently mobilized in the integration and development of cross-border entrepreneurship. At the
same time, it is clear that in certain areas that cross-border cooperation is developing very dynamically
(e.g., culture, recreation, tourism), which also points to the economic potential of these industries.
In 2014, the author conducted research on the possibility of establishing in Polish-Czech Euroregion
Cieszyn Silesia a cross-border cluster of culture, which would have a sectoral nature [54,55]. In this
cluster, the participation of governments, NGOs, scientific institutions and companies operating in the
broadly defined field of culture, including creative industries (enterprises were the least represented in
this group). Qualitative research (CAWI interviews) consisted of 20 entities from Poland and the Czech
Republic, which fulfilled the requirements of participation in the potential cluster and declared their
willingness to strengthen cross-border cooperation in the field of culture. Studies have shown that a
key prerequisite for integration measures are the benefits which the respondent can derive from this
cooperation. Nearly 68% of respondents said they are interested in cooperation in the field of culture
and creative industries within the transboundary cluster, about 7% were not interested and 25% had
no opinion on this subject. According to the study, despite the fact that in this area creative industries
are developing rapidly, cultural cooperation associated more with the social rather than the economic
sphere might become a platform for the further development of clusters. The establishment of such
clusters is dependent of the potential cluster participants finding some distinct advantages in this form
of integration.

This is confirmed by the opinions of the companies, extracted from the above studies by the author,
in the sector of culture and creative industries (18 entities, including cinemas, theatres and cabarets,
studios of design arts, museums and regional chambers, design studios, graphic and advertising
studios, computer game developers, craftsmen, folk artists, media). These entities were asked about
the following issues:

- the nature and extent of cooperation with entities of the neighbouring country,
- key benefits of cluster cooperation in the field of culture and creative industries as well as barriers
to this process.

According to those narrowly focused studies, potential participants in the cluster of culture and
creative industries work mainly with local governments and public cultural entities, which are often
the recipients of their offerings. This explains the important role of local governments and cultural
bodies in the potential development of a cluster for culture and creative industries. Some of these
entities also cooperate with NGOs working in related industries, as well as with the media (these
tendencies are stronger on the Polish side than on the Czech side). This fact also bodes well in terms of
other potential clusters.

Greater interest in entering into clusters exists on the Polish side, where this form of cooperation
is more popular, and also more companies declare interest in the Czech market and its customers.
Therefore, efforts to strengthen cross-border cooperation in the form of a cluster would require more
support from the Czech side for the very idea of further integration, and perhaps a better understanding
of the meaning and purpose of such measures. A prerequisite for mobilizing cluster cooperation
should be a better understanding of its benefits for each party.

The studied entities were asked questions about the evaluation of the benefits which can be
accrued from closer cooperation in the sector of culture and creative industries within the cluster.
The respondents answered that these might include the following benefits:

- better joint promotion of the offer among customers around the border and reaching new groups
of recipients,
- the possibility of joint acquisition of EU funds for cross-border projects,
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- mutual compensation of resources and other forms of mutual assistance within the framework of
ongoing business operations,

- joint training of staff and improving of standards of operation and exchange of know-how in the
cultural and creative industries,

- optimization of the costs of economic activity.

The key barriers to cluster cooperation included:

- lack of funds for projects in the cluster,

- differences in the goals of individual parties' activities,

- low level of knowledge of potential partners and lack of confidence in them,
- the lack of real involvement of partners in the activities of the cluster.

6. Prospects for the Development of Cross-Border Entrepreneurship in the Cluster Model

As indicated by the above-described study, cross-border entrepreneurship is developing much
more slowly than cross-border cooperation in social areas such as culture, sports, tourism or education.
Efforts to expand the transboundary market are much weaker among companies, and the trend
for integration of border communities at various levels is only indirectly related to the economy.
It seems, however, that economic issues which are seemingly distant from social issues in practice
are interconnected, as can be demonstrated, among other factors, by the cross-border cultural cluster
mentioned above, also encouraging cooperation between entrepreneurs from the creative industries.

Assuming that a cross-border cluster should be cross-sectoral and, therefore, should integrate
both businesses as well as local governments, non-governmental organizations and scientific bodies,
a thesis c