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1. Introduction

In the 21" century companies face many problems and challenges. Due to the current market saturation,
it is important for them to maintain and further develop their competitive advantages (e.g. innovations,
quality of products and customer services, human capital etc.) and to ensure that all improvements are
reflected in their financial situation, their level of competitiveness or even the overall existence. These
facts are reflected in the current modern management trends — the shift from the reactive management to
more proactive one based on planning and predicting changes in the market, a shift from unsystematic
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and random problem solving to systematic one, which is characterized by a detailed analysis of a prob-
lem. Trends in management move from hard to soft components with an emphasis on creativity and the
development of human potential in innovative ways such as coaching and e-learning. Instead of partial
approaches, systematic approaches are applied. These are aimed at understanding a company as an or-
ganism, in which individual business areas cannot be separated from each other. Within these approaches
we can mention the Balanced Scorecard concept. The understanding of business performance expressed
by financial indicators is replaced by its understanding as a penetration of three dimensions (E-E-C):
Efficiency — customer needs satisfaction, Effectiveness — management and optimal use of resources and
Changeability — strategic awareness of managing changes. These three dimensions are also a great pre-
requisite for introducing the Balanced Scorecard.

The next part of the text is structured as follows: The first section outlines the theoretical basis of the
studied problem. This part of the article lists selected aspects of the BSC. A special part is devoted to the
summary of the theoretical knowledge from the field of integration of BSC and DEA methods. At the
end of the theoretical part a research problem and goal are formulated. The second section describes the
data, the analysed sample of companies and the processing methods. When addressing the research prob-
lem, we made use of selected financial indicators, correlation matrix, Altman model, DEA method and
BSC method. We formulate dual input-oriented DEA CCR model which was solved in MS Office. The
third section includes results and discussion of the results achieved. This section lists the performance
values of the selected sample of companies as well as the goal values of selected key performance indi-
cators. The final part of the article is the conclusion in which the essential conclusions resulting from the
research problem are addressed.

2. The essence and development of Balanced Scorecard

A preferred area of interest for managers at the end of the 20th century was the measurement of business
performance. The question was how to measure the performance but not to improve one part of the
business to the detriment of another, and to make the performance measurement system a management
tool that supports continuous improvement (Gavurova, 2011). The aim was to replace or complement the
financial indicators so that the performance measurement was not focused only on the financial area.

The limitations of financial data as the basis for companies’ decision-making has been recognised long
time ago (Dearden, 1969, In: Lawrie & Cobbold, 2004) along with the ability to utilise non-financial data
in providing for improved decisions (Committee on Non-Financial Measures of Effectiveness, 1971; In:
Lawrie & Cobbold, 2004). “It seems that the traditional business performance management based pri-
marily on financial management has reached its limits and in recent years we have seen the development
of new non-traditional indicators, methods and models based primarily on non-financial methods, in par-
ticular on strategic and other qualitative indicators” (Rajnoha et al., 2016, p. 183). Horvathova
and MokriSova (2017) state that the first to use non-financial indicators to assess the performance of the
company were Peters and Waterman (1982) (in the form of 8 success factors), followed by Bullen and
Rockart (1981) and Chung (1987) who came up with critical success factors. The problem is how to
identify all possible non-financial measures. One of the solutions was the Balanced Scorecard (Kaplan
& Norton, 1992) that has become both well-known and widely adopted (Rigby, 2001, 2003; Dumitrescu
& Fuciu, 2009) Kaplan and Norton presented Balanced Scorecard as an integrative device that would
encourage and facilitate the use of non-financial information.

The Balanced Scorecard was at first a simple 4-component approach to measuring business performance.
Three other areas were then added to the financial area: Learning & Growth, Internal Business Processes,
and Customers. These areas represent 3 main stakeholders (Cobbold & Lawrie, 2002).

The basic idea of the Balanced Scorecard was to create a network of strategic causal relationships be-
tween perspectives. The financial perspective refers to profitability goals. The customer perspective
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points to customer preferences and identifies product or service requirements to create value for the goal
customer segment. The perspective of internal processes refers to production, sales and distribution pro-
cesses. The perspective of learning and growth points to organizational abilities and intangible assets of
the company (Kaplan & Norton, 2007; Clegg & Bailey, 2008). The causal relationship between perspec-
tives is explained by Petiik (2009). The perspective of learning and growth influences the perspective of
internal processes which in turn affect the perspective of customers which ultimately affects the financial
perspective. It can be said that the quality of human capital (the perspective of learning and growth) is
the cornerstone of business prosperity (the cause) while the financial perspective is the result.

The basic characteristic of BSC is balance in different directions. Hasan and Tibbits (2000); Lesakova
(2004); Nair (2004); Tjader et al. (2014) see the balance in the following: between the short and long
term business objectives, past, present and future of the company, between financial and non-financial
indicators, between leading and lagging indicators and between external and internal performance fac-
tors.

Since 1992, the Balanced Scorecard has gone through 3 development phases (generations). Firstly, the
BSC method was used as a business performance measurement and management system (Kaplan & Nor-
ton, 1992). Later, the method was extended to implement the strategy by linking the strategic objectives
of the company, identifying the causal relationships between the measures and determining the respon-
sibility for the achieved objectives, i.e. the BSC method served as a tool for implementing the strategy
(Kaplan & Norton, 1996; Olve et al., 1999). Currently, the third BSC development phase (generation) is
at its peak. BSC is seen as a strategic management tool linking vision, mission, and strategy with set
goals within individual perspectives. The BSC method has also been broadened to define scenarios that
complement the causal relationship between perspectives. We can say that BSC is becoming a strategic
asset management tool (Gavurova, 2011, 2012; Lawrie & Cobbold, 2004; Andersen et al., 2004).

As Corporate Social Responsibility concept (CSR) is becoming more and more important, there is a space
for the latest, fourth generation of BSC. In addition to the four known perspectives, BSC should also
include an external perspective taking into account the environmental and social aspects. The environ-
mental aspect is an external complement to the financial perspective while the social aspect is comple-
mentary to the customer's perspective — the company brings benefits not only to customers but to the
entire community (Kadarova et al., 2015).

2.1.Sources of information and performance measurement capabilities of individual BSC perspectives

The financial perspective focuses on the financial health of the company (Werner & Xu, 2012). Its basis
is formed by the financial and economic analysis of the company. The basic task of any financial analysis
is to provide information about the financial situation of the company, its stability and performance at
the right time. By analysing the past and the present situation of the company, the analyst can identify
potential risks and can therefore formulate and implement the right decisions that can eliminate negative
developments in the future. Information obtained from the financial analysis can be used by different
users, managers, employees, banks, creditors, real or potential investors, state authorities, the public,
sometimes even competitors. The purpose of the financial analysis is not only to know the past financial
situation through ex post analysis but also to predict the future development of the company through an
ex ante analysis (Zimermanova & Bartkova, 2016). Under the BSC, Lesadkova (2004) considers the fol-
lowing to be the most appropriate financial performance indicators: a set of financial ratios (indicators
of liquidity, profitability, indebtedness, activity, market value), Economic value added (EVA) or IN and
INFA (IN Financial Analysis) models.

Kaplan and Norton (1992); Mooraj et al. (1999); Horvathovéa and Suhényiova (2012) distinguish between
the use of financial indicators at different stages of the company‘s life cycle. In the growth phase of the
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business, the financial indicators may focus on the cost of developing new products or distribution chan-
nels. During the maintenance phase, we use traditional financial methods (e.g. Return on equity, operat-
ing and gross profit, static and dynamic methods of investment valuation using discounted cash flow).
There is a pressure on the cash flow in the collection phase, since indicators such as Return on Investment
(ROI), Economic Value Added (EVA), and operating profit are no longer of such value because the
largest investments have already been made.

Customers form the external environment of the business. Sometimes it is difficult to get relevant infor-
mation about them. It is therefore necessary to use marketing research techniques, customer satisfaction
surveys (e.g. KANO model) or marketing intelligence to analyse competitors, markets, partners and tech-
nology (Zimermanova & Bartkova, 2016).

Lesakova (2004) and Kaplan and Norton (2007) state that with regard to the customer perspective we
can use the following measures: market share, which can be expressed by the number of customers,
volume of sales or number of products sold, new customers acquisition - measuring the number and
proportion of new customers or new orders in absolute or relative terms, customer loyalty - monitors the
rate of maintaining good relationships in the company in absolute or relative terms, customer satisfaction
- monitors customer satisfaction rate, customer profitability - measures net profit per customer / market
segment after deducting customer / market support costs.

According to Lesakova (2004) and Kaplan and Norton (2007), the key processes in the company are
made up of follow-up activities of the value chain and consist of 3 processes - the innovation process,
the operation process and the after-sales service. As for the innovative process, the authors recommend
using instruments such as the time necessary for the development of the new generation of the product,
the level of inventions (Valent's innovation spectrum), the time it takes to place a product on the market.
However, the innovation process is closely related to other perspectives.

As for the operating process, which starts with an order and ends with the delivery of a product to a
customer, we can focus on the quality of the operating process, the cost of the operating process and the
machine utilization. After-sales service comes after the product is delivered to the customer. Under this
process we can measure quality or speed of service (Lesdkova, 2004; Kaplan & Norton, 2007).

The basic building block of the BSC methodology is the perspective of learning and growth. At present,
people in the companies are no longer seen as a cost item but as the most important intangible asset that
needs to be valued and invested in. It is the human potential (learning and growth) that is the basis for
the development of all business areas (BlaSkova, 2011). According to Kaplan and Norton (2007), the
perspective of learning and growth consists of 3 core areas: employee competences, the ability of the
information system, delegation of authority and engagement. According to Horvathova and Suhanyiova
(2012), this perspective, which is focused in the future, measures, in addition to the strategic potential of
information systems, the potential of employees, their motivation and the system of their goals. This
perspective develops goals and measures that support learning and growth of employees.

According to Horvathova and Suhdnyiova (2012) and Kaplan and Norton (2007), in addition to tradi-
tional employee indicators (e.g. employee satisfaction, employee productivity, average monthly income,
benefit level, turnover), it is important to measure also indicators such as education, motivation, flexibil-
ity or ability to work in a team.

2.2.Advantages, barriers and sustainability of BSC implementation

Lesakova et al. (2017) investigate the causes of interest or disinterest of Slovak companies in implement-
ing the BSC. The most common causes of concern regarding BSC include the complexity of measuring
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business performance and its relevance in the future, linking strategic and operational decisions to eve-
ryday practice, improving business process efficiency, and eliminating barriers between strategy formu-
lation and implementation. The most common reasons for not taking part in the BSC include low aware-
ness of this method, the lack of strategic management, management techniques implemented according
to the current market situation, and the use of other methods to measure business performance.

Gavurova (2011) examines the Slovak companies and implements BSC for companies (agencies) whose
scope of business was advising on the implementation of BSC in practice. She found that up to % of
Slovak companies with BSC were owned by a foreign investor, 71% were industry and trade-oriented
and mostly they were medium to large companies using at least some form of strategic management.
Among the most common reasons for implementing BSC is the introduction of a strategy into practice
and performance measurement in all areas of business, among less frequent reasons are process monitor-
ing or setting the informative value for financial indicators. In 2011, there were 16 consultancy agencies
introducing the BSC concept into practice, 62.5% of which belonged to micro-enterprises and some of
them have existed since 1992, i.e. since the introduction of BSC.

According to Horvathova and Suhdnyiova (2012) BSC's business management benefits can be divided
into two core levels: the management level: focusing on key issues and contexts, focusing on reporting
strategically important information, linking business management and strategies through goals, uniting
employees, customers, business results, and processes in the enterprise into one purposefully functioning
whole; and at the communication level: the employees of the company are better acquainted with the
strategies, their own work and strategies are more integrated, the level of IT use is improved at all levels
of management.

The benefits of BSC implementation are also addressed by Quesado et al. (2018). They state that a com-
prehensive enterprise performance analysis (leading and lagging system) that provides a holistic vision,
the process of defining and communicating priorities to managers, employees, investors and customers,
and the consistency between strategic goals and indicators are the most profound advantages.

Implementation of the BSC may also entail certain risks. Problems with BSC implementation can occur
at each stage of implementation. Gavurova (2012) sees the main problem areas as follows: in the strategy
formulation phase, the company may lack appropriate strategic analytical methods, the company man-
agement may have problems with defining critical success factors or the main competitive advantage. In
the BSC formulation phase, the management of the enterprise may experience problems with choosing
the right key performance indicators (KPIs) in terms of strategic goals, target setting, management
knowledge of BSC deployment, and implementation of employee supervision by business management.
In the implementation phase, the problem with redefining the reporting process can arise. In the last
phase, the phase of implementation, there may be problems with the assessment of BSC and harmoniza-
tion of the BSC system.

The long-term use and sustainability of performance measurement within BSC is also addressed by
Madzik (2017). In order to reach the goal values during a certain period of time, we should periodically
monitor the development of these values as they grow or decrease according to the nature of the indicator
- minimalistic (e.g. Debt ratio) or maximalistic (profitability indicators) and whether the change is uni-
form, progressive or depressive. It is therefore possible to divide the reference period, for example, into
10 equal time slots and to determine for each time period the reference value of the indicator (it can be
higher or lower), which we can express in absolute or relative terms, or calculate the current state of the
development of the goal value - performance index. Vrablikova (2017) also states that at the end of the
reference period it is possible to calculate the performance of each BSC perspective in %, depending on
the rate of fulfilment of the set goal values. If the perspective performance is less than 100%, the company
has a weak position in the given field. This fact may be turned into a new innovation opportunity in the
next period. The author also recommends that the objectives in individual perspectives should be weighed
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according to stakeholders’ priorities, but the prospects within BSC as a whole should be balanced and
equivalent. According to Gallo (2017), in the case of a high-quality BSC, analysts or controllers have
already broken down strategic goals and their metrics into the so-called drivers. The drivers have a sig-
nificant impact on the creation of a given indicator, make it possible to check whether the strategic goals
are being met effectively and their analysis can tell why they are met and who is responsible for it.

2.3.DEA as an innovative way to measure business efficiency and performance

As we have already outlined within the Balanced Scorecard concept, business performance is closely
related to minimizing inputs (or goal values of indicators such as operating costs) and maximizing outputs
(or goal values of indicators such as sales of products), i.e. with efficiency which is the ratio of outputs
and inputs.

In 1957, Farrell came to the idea of improving the way in which companies evaluate their performance
(efficiency). He considered the methods used at that time, such as the measurement of labour productivity
or capital productivity, to be limiting because they did not cover the possibility of combining multiple
inputs and thus were not sufficient to express the overall rate of efficiency of the company. These defi-
ciencies have resulted in a more relevant approach applicable to any organization and thus widened the
concept of productivity to include a more general concept of efficiency. He was inspired by the work of
Vilfred Paret, where his theory of prosperity considered apart from the increments and decreases also
their importance and assigned them some weights - this principle is now known as the Paret criterion.
Farrell is, therefore, considered the father of the DEA method. The method is based on the principles of
linear programming. The basic task of the DEA models is to benchmark the Decision Making Unit
(DMU) within the group of units with the same or a similar focus. The DMU definition is relatively
flexible. DMU is responsible for converting inputs into outputs the efficiency of which needs to be eval-
uated (Cooper et al., 2011; Cooper et al., 2007).

Kliestik (2009) explains that input-oriented approaches detect efficiency based on input variables. To
improve efficiency, the company should reduce inputs. Its counterpart is the output-oriented approach
that recommends increasing the volume of outputs to improve efficiency. Another DEA model break-
down criterion is returns to scale. Constant returns to scale (CRS) occur if an increase in input of 1%
results in an increase in output of 1% (CCR models — Charnes et al. 1978). Variable returns to scale
(VRS) occur if an increase in input of 1% results in an increase in output of more or less than 1% (BCC
models — Banker et al. 1984).

Measuring enterprise efficiency using DEA models has various advantages and disadvantages. Among
the benefits, Majorova (2007) and Kliestik (2009) include mainly work with multiple inputs and outputs.
There is no need to ensure normal distribution of data. Identification of ineffective companies is relatively
fast. Disadvantages include inefficiency deviations, which may be due to statistical distortion and a non-
parametric approach, where it is difficult to test the hypotheses regarding inefficiency and structure of
production functions. In the long run, an ineffective company can become effective by adopting certain
rationalization measures, and vice versa. Therefore, until recently, one of the disadvantages of DEA was
also considered its limited variety. Therefore, the Malmquist index, named after the Swedish economist
Sten Malmquist, was created to measure changes in business efficiency over time. This index, which was
first modified for business efficiency measurement by Féare et al. (1992), can also be used in various
variants: output-oriented, input-oriented with constant or variable (increasing or decreasing) returns to
scale.

2.4.Mutual integration of BSC and DEA

With the increasing popularity of both BSC and DEA, there came several studies that examined their
implementation with regard to the evaluation of the performance and efficiency of industrial companies
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and their processes. Given the planned establishment of the systematic relationship between these two
methods, it is necessary to summarize their fundamental differences, advantages and disadvantages in
the following table (Table 1).

Table 1

Comparison of BSC and DEA
Compatibility BSC DEA
Way of comparison comparison with an ideal virtual unit proportional comparison the same units
View multiple view input / output
Mathematical ranking weak strong
Applicable process self assessment of organization technical efficiency
Accuracy of measurement moderate high
Presenting of improvement method — moderate high
Ranking does not support has
Future view has doesn't have
Regarding to organization strategy  has has

Source: Aryanezhad et al. (2011)

The first major study devoted to BSC and DEA, is the study by Rouse et al. (2002). The authors used
DEA and constructed a performance pyramid based on the BSC method that was designed to measure
efficiency. The model of the relationship between the perspectives of BSC and DEA was addressed by
Walderrama et al. in 2009. In 2010, Lotfi et al. used in their research the CINDB (Combined Interval Net
DEA and BSC) method for performance evaluation along with financial and non-financial indicators.
These indicators were identified with application of the BSC method and used as inputs and outputs in
the DEA model. According to Memari et al. (2014), the BSC and DEA integrate into three levels: stra-
tegic goals (Effectiveness goal), optimizing the use of resources to generate the required outputs (Effi-
ciency goal), and balancing between different aspects of business with regard to causal relationships
between perspectives (Balance goal). Asgari et al. (2017) studied the integration of BSC and DEA. The
authors tried to find the most suitable instruments for connecting the BSC and the three-step DEA model.
The BSC indicators have been used as inputs/outputs of the DEA.

Durkacova and Kadarova (2014) suggested the way to integrate BSC and DEA. BSC consists of 4 per-
spectives (in the case of the 4th generation we should consider the 5th perspective - external perspective)
which contains individual strategic objectives. The company can then assign individual perspectives
weights using, for example, an analytical hierarchical process or pairing method, and the same can be
done with KPIs according to manager‘s preferences. Within the DEA model, individual KPIs can then
be broken down into: KPIs as inputs and KPIs as outputs. Finally, it is possible to identify and compare
the effectiveness of each DMU within the industry under consideration. Aryanezhad et al. (2011), how-
ever, chose another approach to BSC and DEA integration using the two-step DEA model. Firstly, they
recommended to measure the effectiveness of individual perspectives for selected DMUs (for example,
in the perspective of learning and growth, the share of motivation payments and the share of trained
employees are listed as inputs, and the percentage increase in employee capabilities and the speed of
services provided are listed as outputs). Then, using two-step DEA model for selected DMU, it is neces-
sary to evaluate effectiveness between perspectives through mutual correlations.

We have decided to do this research because we are interested in improving business performance ap-
plying BSC method. During working with DEA model we realized, that this model can suitably comple-
ment the BSC and these two approaches can work together in perfect harmony.

Compared to Rouse et al. (2002), who first applied DEA model and then built performance pyramid
using BSC, we applied the reverse procedure. First we applied BSC method to identify key performance
indicators. Then we divided indicators to inputs and outputs and applied DEA model to evaluate perfor-
mance and calculate goal values. This approach is innovative because we have been able to calculate
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goal values of inputs and outputs to improve the performance of analysed businesses with the use of both
methods. Certain limitation for us was the lack of information from all BSC perspectives, therefore we
processed in detail only financial perspective. Addressing other perspectives is our goal for the future. In
line with the topic of the paper and the theoretical background as well as the studies that have been carried
out in the given field and their results, we have set the research problem.

Research problem: Is the DEA method a suitable method of measuring and improving business perfor-
mance? Is it possible to calculate the goal values of the key performance indicators based on the BSC
principles using the DEA results? Is it possible to link the results of the BSC method and the DEA method
to increase the performance of the company?

The aim of the research was to find out which financial indicators of the company are key performance
indicators. We selected the key performance indicators using the BSC principles. These indicators were
then applied as inputs/outputs in the DEA model. The partial goal was also to propose goal values for
selected key performance indicators.

3. Data and methodology

The research input database consisted of data from 497 companies active in the field of heat supply in
Slovakia. A more detailed analysis of the database data excluded 154 companies, due to the negative
value of equity and other weaknesses in the data. Due to the extreme values of some selected financial
indicators, 48 companies were subsequently excluded from the sample. The resulting sample, which was
analysed under the research, consisted of 295 companies. The sector that has been analysed is important
both economically and socially and plays an important role in the everyday life of society and consumers.
All companies in this sector are local suppliers of heat. Some companies have a monopoly position in
their respective geographical areas. Despite some similarities with other energy sectors, heat cannot be
traded as a commodity between countries and due to significant heat losses in transmission and distribu-
tion, it cannot be traded between networks existing in various locations. The overall character and struc-
ture of the heat economy as well as the way of supplying heat and hot water are given in different geo-
graphic areas by various factors, including: climate and landscape diversity, historical development, de-
mographic conditions and territorial division, private, commercial and industrial character of construc-
tions, economic activity or availability of fuel sources for heat production. Based on the above factors,
we encounter different structure and heat supply systems in each larger city or municipality. Each par-
ticular system is also constituted by its own set of thermal devices (Antimonopoly Office of the Slovak
Republic, 2013). These facts are a prerequisite for the existence of risk factors that affect the performance
of the analysed companies from the outside.

The process of the research problem-solving is shown in Fig. 1.

Application of

L goal values as
Proposal of goal goals in financial
A 1 | | values of key strategy map of
Determination of performance BSC model
the performance indicators
Application of | ‘ of analysed applying DEA
N— these indicators bUSIIK?SSGS

Identification of as inputs and applying DEA

key performance outputs of DEA

financial model

indicators

applying BSC

Fig. 1. Flowchart of the research
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The following financial indicators were applied to analyse the performance and financial health of the
sample: TL - Total liquidity, CL - Current liquidity, ACP - Average collection period, IT - Inventory
turnover, CPP - Creditor payment period, CTC - Cash — to — cash, TATR - Total assets turnover ratio,
ROA - Return on assets, ROE - Return on equity, ROS - Return on sales, ER - Equity ratio, IR - Indebt-
edness ratio, OC - Overcapitalization, CR - Cost ratio, MCR - Material cost ratio, PCR - Personal cost
ratio, EVAROS - Profitability with EVA indicator. These financial indicators represent all areas of fi-
nancial and business performance assessment.

It was necessary to select key performance indicators that would meet the requirements of the analysed
sample of companies from the above-mentioned indicators. When selecting these key performance indi-
cators, the BSC method and correlation matrix were applied.

We used a correlation matrix to analyse relationships between selected financial indicators. The correla-
tion matrix that is used to assess correlations between the variable pairs is a symmetric matrix
R=(p;); o> Where

»p.=li=1..,n,
* p; =p(X,,X;), i,j=1,...,n,is the correlation coefficient of random variables X, X, takes val-

ues from the interval <— 1,1>. The numerical value indicates strength of the linear relationship and the

sign determines the direction of the relationship - direct, indirect. The value close to 1 expresses a strong
positive (direct) relationship and the value close to -1 expresses a strong negative (indirect) linear rela-
tionship between the variables. If the correlation coefficient is nearly zero, it does not mean that there is
no relationship between the variables, it means that the relationship can be non-linear (Hudec et al.,
2007).

The correlation matrix consists of the correlation coefficient values from all possible variables pairs. It
can be expressed as follows (Hudec et al., 2007):

L py - p,
1 ...
R=|P P (1)
pnl pn2 e 1

The correlation matrix mentioned above is processed using Statistica. This software highlighted correla-
tion coefficients in the correlation matrix, where p is lower than the chosen significance level
a = 0.05. To interpret the correlation coefficient we used the Cohen (1988) scale, according to which the
absolute value of the correlation coefficient above 0.5 is interpreted as a strong correlation, the correlation
coefficient value from 0.3 to 0.5 as a moderate correlation, the correlation coefficient value from 0.1 to
0.3 as a weak correlation and a correlation coefficient value below 0.1 as a trivial correlation.

The DEA method was applied to conduct a more detailed survey of business performance and financial
health using key performance indicators. The DEA model was formulated as a one-step model for the
BSC’s financial perspective due to the lack of information on the customer perspective, the perspective
of internal processes and the perspective of learning and growth. The key indicators identified by the
BSC method and the correlation matrix were divided into DEA inputs and outputs.

The DEA model maximizes the efficiency of the rated unit Ug, expressed as a share of the weighted
outputs and weighted inputs, provided that the efficiency ratios of all other units are less than or equal to
1. For the unit U, we get the weighted sum of inputs for the inputs vi, i =/, 2, ..., m, the weighted sum
of outputs for the outputs ux, k=1, 2, ..., r,:



5 2

The DEA CCR model calculates the input and output weights based on optimized calculations so that it
is as favourable as possible for the rated unit in terms of its efficiency (maximizing the efficiency of the
rated unit) while maintaining the maximum unit efficiency of all other units. The whole model can be
formulated for the unit U, as the task of the linear programming as follows:

T
max ef(Uq) = Z—k:f UkYkq
. i=1ViXiq (3)
. Yk=1UkVEkj
subject to Skl RPN <1
: it vixij

where j=1,2,..n;k=1,2.ri=12.m ,u =2¢ v; =g, ef(Uy) is the unit's efficiency Uy, ¢ is an
infinitesimal constant based on which the model ensures that all input and output weights will be positive
and will thus be included in the model at least minimally, x;, i =1, 2, ..., m, j=1, 2, ..., n is the X; input
value per unit Ujand yi, k=1, 2, ..., r, j=1, 2,....,n is the value of the yx output per unit U;. Input and
output values are arranged in X and Y matrices that have a dimension (m, n) or (r, n).

The model (3) is not linear in its objective function as the function is the ratio of two linear functions.
Using the Charnes-Cooper transformation, this task can be simply linearized. Two equivalent procedures
can be used for this transformation. The first one maximizes the numerator‘s objective function of the
model (3), provided that the denominator = 1. The second procedure minimizes the denominator, pro-
vided that the numerator = 1. We thus get two models (4) and (5) as could be seen below:

max 0(Ug) = Xho1 Uk Yiq
subject to Yi—q WYkj — Di=1 ViXij < 0
2t Vixig =1 @
Uk 2 &
Vi 2 &
min d(Ug) = X%, vixiq
subject to  Yj—q UpVij — Dieq ViXij < 0
D=1 UYiqg = 1 (%)
U =€
v, =€

The model (4) returns the optimal value to the objective function 8 (U,) < 1 with the value 1 indicating
that the unit lies at the efficiency frontier and the value lower than 1 determines the inefficient units. This
model is referred to as (primary): Input-oriented CCR model; the model (5) is referred to as Output-
oriented CCR model.
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The procedure for constructing output-oriented CCR DEA models is almost analogous to input-oriented
models. Their optimal value of objective function is ¢ (Uy) = 1. The value 1 is again assigned to
efficient units and the value greater than 1 is assigned to those inefficient. If the unit is not efficient, it is
possible to obtain the coordinates of the virtual unit, i.e. recommendation how the rated entity should
improve its behaviour to reach the efficiency frontier using optimal variables (weights) from models (4)
or (5). These models are sometimes referred to as multiplier models that have (m + r) variables and (n +
m + r +1) constraints. In order to evaluate the efficiency of the entire set of units, these models must be
addressed for each unit separately. Therefore, it is necessary to address 7 linear programming problems
of this range. Because the number of units may be very large, it may be easier to work with dual models
in case of models (4) and (5), which are also referred to as envelopment models (Jablonsky & Dlouhy,
2015).

Kocisova (2012) presents dual models as follows: In all linear programming tasks, a large number of
constraints negatively affect the ability to solve the problem. For each linear problem, it is possible to
construct a dual linear programming model that uses the same data and reduces the number of model
constraints.

Kliestik (2009) considers that in terms of interpretation, a dual input-oriented model is more advanta-
geous and, more importantly, more practical to work with. In this case, the dual problem to (4) is to have
(m + r) constraints and (n + m + r + 1) variables. Variables 4;, j = 1, 2,..., n, are dual variables that
belong to the first set of constraints (4), 84 is a scalar dual variable that is associated with another re-
striction and sx*, k=1, 2,...,rasi~,i=1, 2,..., m are the dual variables assigned to the lower intervals
for the output and input weights.

Dual CCR input-oriented model can be written as follows:

min 0 — (X1 si + Xk=15¢
subjectto XU XA +s; = Ogx;q

(6)

Z?:l Yjhj— g = Vkq

- +
A 2,57 20,55 20

When we realize that sx*, k=1, 2,..., rasi~, i =1, 2,..., m, are actually additional variables under the
constraints of model (6) and ¢ is an infinitesimal constant, then this model can be written as follows
(Charnes et al., 1978):

min Hq

subject to Yo ;A < Ogxq
(7
2i=1YkjAj = Yiq
A =0

The vector components A = (11, Aa,..., Ax), A== 0 can be interpreted as weights (or coefficients of linear
combination) that are assigned to individual units of the evaluated file. The aim of the model (7) is to
find a linear combination of inputs and outputs of all units so that inputs and outputs of this combination
are not worse (i.e. not higher for inputs and lower for outputs) as inputs and outputs of the evaluated unit
Uy, . As shown by the link to the primary model (4), 6, is the indicator of efficiency of the unit.

Dual output-oriented CCR model — dual model to the model of Banker et al. (1984) (5):
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max bq + ey si + Xk=15K)
subjectto  X_; XA +5i = x4 (®)
Li-1ViiN = Sk = $qViq

A =0,s; 20,5 20

The model (8) returns the optimal value of the radial variablegp; > 1, which can be considered as the
measure of efficiency of the evaluated unit U,, indicating the need for a proportional increase of all
outputs to reach the efficiency frontier. Value ¢4 = 1 indicates the efficiency of the unit.

Company performance analysis has to be carried out on a test sample of companies, as the DEA solution
for such a large sample of companies would be very demanding. The Altman model was applied to select
test samples. The model was created by modifying the original model. The result is suitable for compa-
nies whose securities are not traded on the securities market. This change brought about a revolutionary
change in the X4 indicator, while the market valuation of equity changed to the accounting valuation
(Sulub, 2014). Altman also proposed new weights for individual indicators and thresholds for the classi-
fication of companies that face or does not face bankruptcy. We have chosen the Altman model because
it is one of the most frequently used prediction models in Slovakia. This model was used for comparison
with the results of the DEA model by the authors Vaviina et al. (2013).

The equation of the modified Altman model is as follows:
Z=0717xx; + 0,847 xx, +3,10 X x5 + 0,420 X x4 + 0,998 X x5 )

where x; is Net working capital / Equity, x2 is a Retained earnings / Equity, x3 is EBIT / Assets, x4 is the
Book value of equity / Book value of debt, xs is Sales / Assets.

Business classification zones:

Z > 2.9 — safe zone,
Z € <1.23;2.9> — grey zone,
Z < 1.23 — zone of threat - businesses heading towards bankruptcy.

4. Results and discussion

In order to analyse financial health and performance, financial indicators were selected from all areas of
the company's financial health assessment, including selected operational indicators. Descriptive statis-
tics of selected financial indicators of the analysed sample is shown in Table 2. The analysed companies
do not have a liquidity problem. The average value of the total liquidity is 3.92 and the current liquidity
is 3.82. Liquidity values show that these companies work with minimal stocks, which is also reflected in
the Inventory turnover. The median of the Total liquidity and Current liquidity indicate that half of the
analysed sample of companies reaches values above 0.9, which can be considered a positive phenome-
non. These companies struggle with a high Creditor payment period, and as a result they have a negative
Cash-to-cash. Total assets turnover ratio averages 0.8, median equals 0.3. It follows that the total assets
of the analysed sample of companies are turned over less than once a year. When evaluating profitability,
we focused on three indicators - ROA, ROE, and ROS. The average value of ROA indicator is 5.6%,
with a median of 4.5%, so it can be assumed that half of the businesses analysed have a ROA of more
than 4.5%. The average value of ROE is 14.9%, which is highly positive. The capital structure of these
companies ranges from 20% to 80% in favour of external sources, which may be the reason for lower
stability of these companies. From the point of view of the average value of the Overcapitalization, these
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are highly overcapitalized companies, however the median value of this indicator is low. Cost ratio is on
average 96%, which is also confirmed by the median. It follows that the average profitability of these
companies is at the level of 4 cents to 1 EUR. Costs are made on average by material costs (28%) and
wage costs (only 4%). The negative values of the EVAROS indicator indicate that the analysed sample
of companies has performance problems. Thus, based on the calculated values of the selected financial
indicators and the performance as well as the market valuation of the equity, the analysed sample shows
performance problems.

Table 2
Descriptive statistics

Descriptive statistics

Indicator Valid N Average Median min max Std. Dev.
TL 295 3.923 0.9511 0.022 95.207 11.6489
CL 295 3.824 0.8717 0.02 93.632 11.4986
ACP 295 101.744 52.5057 -28.994 824.716 135.7802
IT 295 10.615 0.2574 0 206.652 30.947
CPP 295 228.515 178.7012 0 1163.187 202.8765
CTC 295 -116.156 -84.08 -863.975 420.509 191.7345
TATR 295 0.885 0.3092 0 9.926 1.4876
ROA 295 0.056 0.0454 -0.894 2.071 0.1589
ROE 295 0.149 0.1256 -15.737 4.52 1.2844
ROS 295 0.056 0.0342 -3.902 6.349 0.5622
ER 295 0.211 0.1662 -0.936 0.983 0.288
IR 295 0.789 0.8338 0.017 1.936 0.288
ocC 295 5.06 0.2608 -1.507 1155.15 67.4414
CR 295 0.963 0.9608 -0.252 4.896 0.3738
MCR 295 0.281 0.1757 0 1.132 0.2846
PCR 295 0.038 0.0102 -0.001 0.24 0.0531
EVAROS 295 -0.045 -0.0016 -11.56 6.124 0.881

The correlation matrix is a suitable tool for identifying key business performance indicators. The corre-
lation matrix was applied to select key performance indicators for the financial perspective of BSC. These
performance indicators are simultaneously the DEA inputs/outputs. The results of the correlation matrix
are shown in Table 3.

The results of the correlation matrix show the proportional relationship between the TL, CL and CTC as
well as the inversely proportional relationship between TL, CL and MCR. ACP shows an inversely pro-
portional relationship with MCR and a direct proportional relationship with TATR. CPP shows an in-
versely proportional relationship with ROS and ER, and directly proportional relationship with CR and
IR. The relationship between these indicators and the CPP was also recorded. ROS and CR show strong
inversely proportional relationship.

The second set of information captures the relationship between the indicator EVAROS and the selected
set of indicators. Based on the results of the correlation matrix, it is possible to confirm the statistically
significant inversely proportional relationship between EVAROS and CPP. The correlation coefficient,
which records the relationship between EVAROS and ROS indicators, is equal to 1. It follows that despite
the different input in the form of the economic result, there is a strong direct relationship between these
indicators, which makes it possible to state that EVA has a significant relation to the net profit value.
This is confirmed by the significant, inversely proportional relationship between EVAROS and CR.

The relationship between EVAROS and the liquidity ratios was not confirmed in the correlation matrix.
This is because these indicators are not the immediate determinants of performance, and at the same time
it can be argued that the analysed sample of companies does not have an immediate liquidity problem.
Also, the relationship between TATR and EVAROS was not confirmed. This non-existing relationship
is, from our point of view, a big surprise compared to the previous findings as TATR is a key indicator
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of performance and its driving force. This will be the subject to our further analysis. The weak relation-
ship with EVAROS was also recorded for ER, IR and PCR.

The results of the descriptive statistics and correlation matrix are an important input for creating the
financial perspective of the BSC strategy map. For the purpose of knowing management of business
performance, we have constructed a financial strategy management map (Fig. 2) with key performance
indicators.

Table 3

Correlation matrix

Correlations, Marked correl

are significant at p <,05000 N=295

Variable TL CL ACP IT CPP CTC TATR ROA ROE ROS ER IR ocC CR MCR PCR EVAROS
TL 1.0000 .9998 .0839 -.0235 -.0174 .1571 -0829 .0088 .0119 .0166 -.0132 .0132 .0009 -.0162 -.1673 -.0496 .0165
p=-—- p=0.00 p=123 p=666 p=750 p=.004 p=127 p=872 p=2827 p=760 p=2809 p=2809 p=987 p=767 p=.002 p=362 p=.761
CL 9998 1.0000 .0845 -.0237 -.0171 .1578 -.0833 .0101 .0131 .0l64 -0131 .0131 .0013 -.0159 -.1682 -.0494 0163
p=0.00 p=--- p=120 p=.664 p=753 p=.004 p=.125 p=853 p=2810 p=764 p=.810 p=.810 p=981 p=770 p=.002 p=364 p=.764
ACP .0839  .0845 1.0000 -.0189 -.0098 .0200 .1477 .0103 .0192 .0090 -.0548 .0548 -.0160 -.0088 -.1369 -.0467 .0090
p=123 p=120 p=-- p=729 p=2858 p=714 p=.006 p=2850 p=724 p=869 p=313 p=313 p=769 p=.872 p=.012 p=.390 p=-869
1T -.0235 -.0237 -.0189 1.0000 .0601 -.0178 -.0463 -.0213 -.0330 -.0154 -.0587 .0587 -.0060 -.0039 .0091 .1820 -.0132
p=.666 p=.664 p=729 p=-- p=269 p=744 p=395 p=.695 p=544 p=.777 p=280 p=280 p=913 p=.943 p=868 p=.001 p=.808
CPP -0174 -0171 -.0098 .0601 1.0000 -.0151 -.0330 -.0211 .0080 -.9990 -.1470 .1470 -.0049 .9979 .0272 .1353 -.9989
p=750 p=753 p=2858 p=269 p=-- p=781 p=544 p=.698 p=2884 p=0.00 p=.007 p=.007 p=.929 p=0.00 p=0617 p=.013  p=0.00
CTC 1571 1578 .0200 -.0178 -.0151 1.0000 -.0686 -.0087 .0076 .0147 -0596 .0596 -.0160 -.0144 -1208 -.0432 0147
p=-004 p=.004 p=714 p=744 p=781 p=-- p=207 p=873 p=889 p=787 p=273 p=273 p=768 p=792 p=.026 p=427 p=.787
TATR -.0829 -.0833 .1477 -.0463 -.0330 -.0686 1.0000 .0346 .0108 .0311  .0959 -.0959 .0211 -.0305 -.0001 -.0485 0311
p=127 p=.125 p=.006 p=395 p=544 p=207 p=-- p=525 p=843 p=568 p=077 p=077 p=.698 p=.575 p=999 p=373 p=.568
ROA .0088 .0101 .0103 -.0213 -.0211 -.0087 .0346 1.0000 .3817 .0213 .1788 -.1788 .0186 -.0206 -.2579 -.0806 0216
p=.872 p=2853 p=850 p=.695 p=.698 p=873 p=.525 p=-- p=.000 p=.695 p=.001 p=.001 p=732 p=.704 p=.000 p=.138 p=.691
ROE .0119  .0131 .0192 -.0330 .0080 .0076 .0108 .3817 1.0000 -.0090 -.0041 .0041 -.0008 .0090 -.1717 -.0984 -.0088
p=2827 p=810 p=724 p=544 p=2884 p=.889 p=843 p=.000 p=-- p=868 p=941 p=941 p=988 p=.869 p=.001 p=.070 p=23871
ROS 0166 .0164 .0090 -.0154 -9990 .0147 .0311 .0213 -.0090 1.0000 .1450 -.1450 .0046 -9998 -.0254 -.1227 1.0000
p=.760 p=.764 p=2869 p=777 p=0.00 p=787 p=568 p=.695 p=868 p=-- Pp=.007 p=.007 p=932 p=0.00 p=.641 p=.024  p=0.00
ER -0132 -.0131 -.0548 -.0587 -.1470 -.0596 .0959 .1788 -.0041 .1450 1.0000 -1.0000 .0879 -.1439 .0288 -.0069 1444
p=2809 p=810 p=313 p=280 p=.007 p=273 p=.077 p=.001 p=941 p=.007 p=-- p=-- p=106 p=.008 p=597 p=.899 p=.008
IR 0132 .0131 .0548 .0587 .1470 .0596 -.0959 -.1788 .0041 -.1450 -1.0000 1.0000 -.0879 .1439 -.0288 .0069 -.1444
p=.809 p=2810 p=313 p=280 p=.007 p=273 p=.077 p=.001 p=941 p=.007 p=-- =--- p=.106 p=.008 p=597 p=.899  p=.008
ocC .0009 .0013 -.0160 -.0060 -.0049 -.0160 .0211 .0186 -.0008 .0046 .0879 -.0879 1.0000 -.0046 -.0407 -.0131 .0046
p=987 p=981 p=769 p=913 p=929 p=.768 p=.698 p=732 p=988 p=.932 p=.106 p=.106 p=--- p=933 p=455 p=2810 p=932
CR -0162 -.0159 -.0088 -.0039 .9979 -.0144 -0305 -.0206 .0090 -.9998 -.1439 .1439 -0046 1.0000 .0272 .1243 -.9998
p=.767 p=.770 p=2872 p=943 p=0.00 p=792 p=575 p=.704 p=2869 p=0.00 p=.008 p=.008 p=933 p=-- p=.618 p=.022 p=0.00
MCR -1673 -.1682 -.1369 .0091 .0272 -.1208 -.0001 -2579 -.1717 -.0254 .0288 -.0288 -.0407 .0272 1.0000 .5615 -.0257
p=.002 p=.002 p=.012 p=868 p=.617 p=.026 p=999 p=.000 p=.001 p=.641 p=597 p=597 p=455 p=618 p=-- p=0.00 p=.637
PCR -.0496 -.0494 -.0467 .1820 .1353 -.0432 -0485 -.0806 -.0984 -1227 -.0069 .0069 -0131 .1243 .5615 1.0000 -1232
p=362 p=364 p=390 p=.001 p=.013 p=427 p=373 p=.138 p=.070 p=.024 p=899 p=899 p=810 p=.022 p=0.00 p=-- p=.023
EVAROS .0165 .0163 .0090 -.0132 -.9989 .0147 .0311 .0216 -.0088 1.0000 .1444 -1444 .0046 -9998 -.0257 -.1232 1.0000
p=.761 p=.764 p=.869 p=808 p=0.00 p=787 p=.568 p=.691 p=2871 p=0.00 p=.008 p=.008 p=932 p=0.00 p=.637 p=.023 =-—-

Financial strategy map Value for
shareholder

t

Toincrease the
performance
Measure: EVAROS

To increse the
profitability
Measure: ROS

To reduce the cost
ratio
Measure:CR

To reduce partial cost
ratio
Measure: MCR, FCR...

To optimize payment
for creditors
Measure: CPP

Fig. 2. Financial strategy management map
We made use of 5 companies that are according to Altman’s model close to bankruptcy (TP6, TP7, TP24,
TP12, TP19) and 5 companies (TP4, TP10, TP11, TP30, TP31) that are safe from bankruptcy. The cal-
culation of financial health with the application of selected financial indicators (CR, CPP, MCR, ROE,
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ROS - 3 inputs and 2 outputs) was carried out using the input-oriented DEA model. We have formulated
a dual linear programming model.

As an example of a dual model, we specify the objective function and constraints for the TP30 (DMUI)
- it was placed in the first position.

minz=0;
where:

0.94\1 + 0.9502+0.93413+0.95X4+0.97As51+0.98 A6+ 1.27h71+0.99As+0.96h9+0.98A 10— 0.940: <0
0.1901+0.25X2+0.23A3+0.13R4+0.15As5+1.39h6+1.72h7+0.36Ag+2.11Ao+1.43A10— 0.850:<0
0.55M7+0.53X2+0.56A3 + 0.66A4 +0.66A5 +0.57Ahs +0.45A71+0.44A5+0.63A9+0.60A10 - 0.55 0:<0
0.10A1 + 0.50A2+0.10A3+0.1124+0.06A5+0.07k6 + (-) 0.17X7+0.02A5+0.0419+0.04A10 =0.10
0.05A1 + 0.04A21+0.06A3+0.0424+0.01A5+0.02%6 + (-) 0.36A7+0.01As+0.0419+0.021190 =>0.05

MFEAM+ A3+ A+ A5+ e+ A+ Ag + Ao + Ao. - free
AM, A Ai0>0

Then we calculated efficiency of the analysed sample. Results are shown in Table 4.

Table 4

Efficiency of the analysed sample
Analysed businesses CR CPP MCR ROE ROS 0
TP30 0.94 0.19 0.55 0.10 0.05 0.98
TP4 0.95 0.25 0.53 0.50 0.04 1.00
TP10 0.93 0.23 0.56 0.10 0.06 1.00
TP11 0.95 0.13 0.66 0.11 0.04 1.00
TP31 0.97 0.15 0.66 0.06 0.01 0.27
T6 0.98 1.39 0.57 0.07 0.02 0.37
TP7 1.27 1.72 0.45 -0.17 -0.36 0.00
TP24 0.99 0.37 0.44 0.02 0.01 0.14
TP12 0.96 2.11 0.63 0.04 0.04 0.76
TP19 0.98 1.43 0.60 0.04 0.02 0.37

Based on the DEA analysis, we find that from the analysed sample of companies, three companies have
an efficiency equal to 1 and one close to 1 (0.98). These are the companies that have been evaluated by
the Altman model as companies which are not threatened by bankruptcy. The only company that did not
conform to the results of the Altman model is TP31. The second group of companies (TP6, TP7, TP24,
TP12 and TP19) is made of those that are inefficient and therefore may face bankruptcy. The DEA has
confirmed low efficiency and performance of all 5 companies. We would like to point out TP7 — a com-
pany which has a negative value of profitability. The DEA has evaluated this company as a zero-effi-
ciency company due to this negative value.

The results of DEA model enable us to set goal values for key performance indicators that create the
BSC strategy map. It should be noted that when studying articles on this issue, we did not find a link
between BSC and DEA, which would result to the numerical expression of goal values. By achieving the
goal values of key performance indicators, it is possible to increase the performance of the analysed
companies. The application of correlation matrix for the selection of key performance indicators for DEA
model is also the innovative solution.

One of the major input performance indicators is CPP indicator. Fig. 3 shows the comparison of the
actual values of the (CPP,) and the goal values of this indicator for the sample of companies tested.
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Fig. 3. Comparison of the actual and goal values of the CPP indicator

One of the significant output performance indicators is ROS indicator. The goal values of this indicator
are to be found in Fig. 4.

Bar/Column Plot of multiple variables
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Fig. 4. Comparison of the actual and goal values of the ROS indicator

5. Conclusion

Successful implementation of the BSC method will achieve results that we can consider to be highly
positive and beneficial. This method is suitable not only for companies in crisis but also for those that
want to implement new visions and changes. The BSC method is being promoted mainly in the industrial
sector, but also in companies providing services, especially financial services. It was proved that after its
introduction, many financial parameters of these companies have improved, their value increased, costs
got stabilized and liquidity increased. The results regarding the customer perspective in terms of retaining
and acquiring new customers have also improved, thereby increasing the market share. New processes
have emerged in the area of internal processes, particularly in the area of research and development. In
many companies, more emphasis has been put on employees, their education and motivation.

In spite of the increasing efforts to suppress the relevance, suitability and applicability of financial indi-
cators for assessing financial health and performance, these indicators remain the most important indica-
tors from all perspectives of BSC. This is because they reflect the impact and consequences of all areas
of business activities. However, traditional financial indicators are being replaced by new, more flexible
ones that take into account a wider range of criteria and impact on future business development. These
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are the indicators that are based on the theory of Value based management and market principles. How-
ever, it is necessary to be aware of the fact that accounting and financial statements provide "typically
distorted information" about the performance of a company. For example, there is no accounting docu-
ment on the cost spent on equity. This cost has to be estimated. In this respect, the BSC system can bring
enormous benefits, new insights and new possibilities for these calculations and evaluations.

DEA is a relatively new (compared to statistical and other methods) nonparametric method, one of many
possible approaches to assessing the financial health of companies. As mentioned above, it was originally
intended to evaluate the efficiency of production units. In contrast to traditional approaches to efficiency,
this method allows an individual evaluation of a company and its individual production units with respect
to a whole set of units. We see this as one of its greatest benefits. In addition to identifying financially
sound units, it is possible to identify the source of financial distress and determine the way in which a
company can reach the financial health frontier by reducing or increasing inputs or outputs (depending
on model orientation). Other advantages of this method include the possibility of identifying a "reference
unit" for a unit that causes or is in financial troubles. It turned out that the results of this method are
comparable with the results of the Altman Z - score in the case of financial health predictions. This
finding creates the preconditions for applying this method also in the field of prognosis of future success
of a company or its failure.

Linking the BSC and DEA methods appears to be highly beneficial. The first step is to identify key
performance indicators using the BSC principles and the second is to use these indicators as input/output
values in the DEA model. Using DEA, we are able to find out which company is efficient and therefore
financially sound. The advantage of this model is that it uses a combination of several input-output values
when evaluating performance, making performance evaluation a more complex method. A major benefit
of the DEA is its ability to calculate the goal values of key performance indicators. If these goal values
are achieved by a company, it becomes efficient. The addition of the DEA method to BSC is a significant
step forward in improving company performance.
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