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Abstract: Background —competitive conditions are often distorted in the construction sector,
therefore this affects the market position of all participants. This paper seeks to find the tools for
properly assessment of participants by Herfindahl-Hirschmann index (HHI) and to identify what
parameters have the greatest impact in the competitiveness of the construction sector. Methods: in
this article the DEMATEL method was used whereas tool for assessing the balance of market
concentration as it may help to determine factor with the greatest influence on a firm’s HHI. Results
in this work showed how different parameters affect each other and their impact on a value of a
firms’s HHI. When the parameters are determined, they can be useful for assesment of mergers their
influence on the HHI and alteration of the market’s power balance. Conclusions—The calculation
of the HHI by using the DEMATEL method allowed to check the empirical implementation check
of the multicriteria assessment method, on the market power of business entities, operating in the
distorted market conditions of the construction sector.

Keywords: concentration of construction market; disrupted market competition; construction
sector; concentration indices; HHI

1. Introduction

The competitive situation sometimes seems to be an obstacle to much-needed co-
operation and progress towards a more sustainable economy. Understanding the busi-
ness opportunities in the construction sector, which is has a highly concentrated mar-ket,
is encourages growing interest in sustainability research. This paper examines how to as-
sess the suitability of the HHI in the construction sector. The various authors [1-4] sub-
mitted few theoretical ways to assess the competition level of the market. The task of this
article is to determine the balance of power in the market, in order to seek sus-tainable
market competition of business entities. Some authors [1-7] note that the competition is
assessed usually by the following factors: the level of market concen-tration, taxes, price
marginal costs, and import penetration of the construction market. Researchers [1-8] have
investigated that exists structural (parametric) and non-structural (non-parametric)
approaches for measuring competition. They both in-fluence the market as a representa-
tive business entities and are trying to find the hypothetical parameters [9]. Some indices
are used to assess the concentration in various markets, therefore can be distinguished
the following [7,9-11]: Hannah and Kay index (HKI), Rosenbluth index (RI), U index (U),
Herfindahl-Hirschmann index (HHI), Hall Tidemanfr index (HTI), Lerner (L), Entropy
measure (E), detailed industrial concentration index (CCl), Entropy measure (E), k firm
concentration ratio (CRk), Multiplication Hause index (Hm) [9]. In the article these indices
will be discussed and will be determined which of them would be the best suitable to
assess the balance of market power in the construction market. Also, an illustrative
example will be given to show the use of the HHI
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However, these different indices raise the new research questions that remain to be
clarified:

1.  Which index would be the best suited to assess the balance of market power in the
construction market?

2. What are the main approaches of competition assessment in distorted markets?

3. What are advantages and disadvantages of the HHI for the use in the construction
sector?

4. Is DEMATEL method suitable for determining the level of market concen-tration in
the construction sector?

This study primarily aims to explore the possibilities of estimating the HHI in the
decision-making process for developing business strategies in order to avoid market dis-
tortions in the construction sector.

The novelty of this study is to describe the possibilities of the DEMATEL method to
estimate the HHI in order to avoid a distorted market situation by using the main eco-
nomic indicators of the construction sector market.

The main contribution of this article is to provide a comprehensive measurement sys-
tem for calculation of the HHI in construction businesses trying to determine the market
position of the business entity, taking into account its competitive situation and help to
achieve sustainable market competition.

2. The Structural Approach of Market Competition

Competition assessment in the economics is based on the theory of market struc-ture
[7]. There are two perceptions of industrial competition —dynamical and statical. A stati-
cal picture shows—a long-term balance of industrial competition which will exist if the
industry would be described as a market entity in perfect competition, having the constant
technology [9]. Distorted competition arises from the advantages of various processes,
economies of capacity, lower prices, which support greater market power of one against
its competitors. Robust approach states—that the market is often imperfect [7,9,10]. Dis-
torted competition arises from modern innovation, product derivations, technological ad-
vances in production processes [7,11]. In addi-tion, monopoly situation is volatile because
of creative destruction [11]. Whereas factors connected with technological progress and
firm innovation are difficult to detect from a dynamic point of view [11].

The structural view is reasoned on the structural-manner-performance method (SCP)
and could be related with the market situation and firm’s manner in the market. Intense
of competition can be estimated by the firm’s behavior [9]. Market situation is assessed by
many criterias: the number, size of customers and vendors, conditions of entry, service
differentiation. Behavior is indicated by the pricing policy, agreements, mergers, or
business entities. Business activities are related to the industry results such as product/ser-
vice quality, productivity, profit, distribution efficiency [11-19]. It estimates the
competition intensity by industry parameters, as the concentration ratio, HHI index,
which are commonly used as criterias of competition. In the industrial economy, these
indices are often used for evaluating competition. The process of measuring these indices
can show the importance of large firms in the industry, both internally and externally [11].
Knowing the possibilities and risks can help scientists to evaluate and interpret
competition level of the branch correctly. The measurement of competiton level is is easy
if there are uncomplicated data [12]. For choosing the right criterias, there are some
important aspects that must be assessed. When calculating concentration ratio (CR), it is
possible to make a mistake in choosing the number n of the best business entities. There
are no rules of choice. However, choosing the number n of the best companies is not so
important point. The main problem of adopting the concentration ratio as an indicator for
estimating the degree of concentration, is strong limitations in interpreting amount of the
distribution. According to Hannah and Kay, in case when existing companies merge, the
size of the concentration should increase, therefore the rate of competition should be
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reduced, and in case if companies have grown therefore, and the level of competition will
be reduced accordingly [10]. However, ratio fails to meet this parameter if business enti-
ties are small size companies.

The most important aspect is distribution in the best n companies. Situation when is
a large distribution of the main top n companies, competition activity should be less in
case of a lower distribution. Due to the CR limitations HHI is important indicator, which
is used to estimate the market concentration level. HHI involves all firms and size of their
distribution [11]. In summary, CR can be used as an indicator of competition if the number
of sellers does not change, and the size of their distribution does not differ. Otherwise, in
the event of structural changes in industries: mergers, start-ups, acquisition, and largely
distorted distribution across construction market, the HHI may strongly reflect market
concentration. Unstructured view rely on the New Empirical Industry Organization
(NEIO), it is also more complex than the structural view, talking about requirements for
the information and estimation methodologies. Researches of unstructured approach
does not allow to set the degree of competition according to the structure of construction
market, indirectly monitoring the firm’s behavior. Industry competition also can not be
identified without taking advantage of firm behavior [11]. Currently, NEIO area of empir-
ical research was mainly devoted for assessing the behavior of firms. Empirical industry
research often uses balance sheets and income statements as a comparison of costs and
results. In terms of intermediate modeling, there usually is used property, which is in the
balance sheet. It can show the loans, but also show some earnable assets, securities, excess
cash reserves. Often there are used three types of costs in the construction market: as input
factors generating property, which are personal costs, other non-financial costs, and fi-
nancial costs, that adequately reflect labor, physical capital, and deposits [12,20-31]. The
table of concentration indices is given below (Table 1).

Table 1. The expressions and the limits of the indices [4,7,9,10].

Ratio Ration Range Ratio Form
P—-MC
Lerner Index 0=L=1 L= 5
k
The k concentration ratio 0<CR,=1 CRy = Z S;
i=1
1
Gini Coefficient 0=G=1 G=1- 2f F(x)d,
0
The Herfindahl Hirschman Index HHI = Cy = %%, S?
The Hall-Tideman Index 0<HTI=1
The Rosenbluth Index 0<RI=1 RI =1/(2C)
n
Thy hensive i ial -
e comprehensive .mdustrla concen 0<CCl=1 cCl=s, + 2512 F(1+(1=5))
tration index L
=2
n 1-a
The Hannah and Kay Index HKI = (Z Sla) a>0ira+1,
i=1
n [24
a-1
The U Index U= (ZSi*(Si*n )
i=1
S 2 (se+(Hur sz))a
—(Six(Six =5
The Hause Index 0<H,=1 Hp,(a,{S;} = Z S;
i=1
Entropy Measure 0=F =logn E=7",S;—log,S;

Empirical studies were performed according to the unstructured method. To assess
competition are commonly used two main indicators: the Lerner Index (LI) and the
Panzar-Rosse H (PRH) statistics [29,31-37]. In practice, when choosing the right one
between these two indicators, interpretation of competition is important. Pros and cons
should therefore be determined. One of the most useful and popular indicators is the LI,



Sustainability 2022, 14, 779

4 of 16

which is used to determine the companies market power in the construction industry ac-
cording to mark-ups above the marginal price. One of the most distinguishing factors is
opportunity to check the change of pricing per time. In addition, LI helps to monitor the
company’s power in different markets, as this do not require a structure to be defined.

However, according to neoclassical view, market power cannot show the degree of
competition sufficiently. Criterias to be considered, such as service/product differenti-
ation, obstacles of market access. In addition, when calculating LI by using ordinary
method, perfect technical and distributional efficiency are naturally accepted, and it is dif-
ficult to confirm circumstances related to optimal efficiency [11,12]. Differently than LI,
the PRH was widely used in the assessment of competitors. The PRH is one of the in-
dicators in terms of a static approach to competition. The PRH always takes into account
the long period balance by using a monopolist equilibrium according to the oligopoly
view. In an equilibrium situation, when marginal prices are equal to the marginal income,
factors of entry price are raised, marginal prices will increase consequently. The construc-
tion market monopolist will react to the price increment of input elements by reducing
their volume.

Neoclassical theory states, that indicator of market power merely cannot adequately
describe the level of competition. Market competition level can be evaluated according to
the elasticity of total company income, considering the prices of input factors [37].
Transition from input criterias to total income may show the competition level. Like LI,
the PRH dont ask the market definition to assess revenue [12]. Among these indicators of
competition, there are problems in the theory and in empirical aspects of competition re-
searches on the stability and monetary policy [17]. Indices are shown in 1 table.

The economists are calculating competitive price comparing it with marginal costs
and are using LI, which is associated with a percentage mark-up from marginal costs to
residual demand functions elasticity as a measure of the market power in construction
sector. Noteworthy, approach of market power is described as price higher than the mar-
ginal cost and it can be different from the concept of market power in Competition Law
[38—40]. Perfect competition market level is the concept based on assumptions that must
be met. Competitiveness economists have offered a concept of competition that is related
with prices above marginal costs [7].

Equilibrium prices in ideal competition are refered to marginal costs and may be
competitive pricing. However, the concept of competitive pricing often is not so accurate,
if there are no violations of competition law, and can be viewed as competitive prices,
although if they are above the marginal costs and the market cannot be described as
perfect. Lerner index formula [7,9]:

L= — (1)

here:

P —the price of the goods, set by the business entity.

MC—the business entities marginal cost.

The Lerner index measures the percentage markup, which business entity can charge
over its marginal line. Range i from 0 to 1. The higher value more the business entity can
charge over its marginal cost, and its monopoly power is greater.

The LI results are from the profitability conditions maximization and has relation
with the margin to the price elasticity of demand [9].

pi—c¢_1 2
bi &

The trade price for service/product i, the price ductility and the marginal cost of
demand. Ductility of price demand for one product/service is described:
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There is shown how the demand of one service/product is declining together with a
price increase of one percent by service/product. The price ductility takes an adverse val-
uation, in absolute. The higher ductility level, is the lower LI number, and the less market
power the firm will acquire.

Example: there is an oligopolistic construction market in which companies incur cer-
tain fixed costs, they compete in production quantities and produces homogeneous
product. This can be demonstrated by the Cournot model when the price exceeds mar-
ginal costs in the presence of high competition. From a long lasting view whereby descrip-
tion, there are no strict costs however in a free market—a competitive price may be de-
scribed as the same to the longer period marginal or longer period average increst price.
The demand faced by one business entity usually depends not only on consumer
behavior, as well as on the prices of the alternatives or supplements of the firm’s relevant
services/products, as well as on behavior of other companies supply [9,41-43].

Therefore, the specific or residual demand function of a particular firm must be con-
sidered if demand and supply can be changed as the most important restriction of
competition is faced by the company. Price ductility of residual demand feature covers
the restrictions of competition, which company faces are demand and supply substitutes.
An increase in a company’s prices, can direct to changes in the customer’s behavior—
buyer’s will change the product by buying less, choosing its replacement, buying in other
area, or buying something else. The behavior of suppliers may change, due to production
amounts, increasing product (or substitute products) supply by other companies, chang-
ing the composition of their services/products, expanding the capacity.

The price balance is associated with parameters such as level of differentiation, alter-
native replacements, the limitation of amounts, the construction product, the market com-
petition, the buyer power. From a long period perspective to evaluate competitive price
is the need to consider barriers to entry into construction sector’s market, barriers to
development, possible relocation of products and the effects of possible competition.

2.1. Rosenbluth Index

The calculation of the Rosenbluth index, which reflects the level of market concen-
tration, is based on a limited number of market participants [9]. This method evaluates all
companies, which are operating in a particular market. Rosenbluth index from other
methods of determining the level of market concentration stands out very sensitive
reaction to the changes in market shares and the company’s position in the market.
Change in firm size in the market also determines the different importance of market
share when calculating the index. For market share of each participant is assigned a coef-
ficient of different importance. The HHI is less reactive to changes in market’s share of
small market participants. The Rosenbluth index is calculated according to the formula
[7,9]:

1
k= 22iS;, — 1’ )

there:

Si is the the i-th companie’s market share,

i—relevant market firm’s rating.

The values of the RI are evaluated in the same way as in the case of HHI. It should
be noted that the RI is calculated only when the number of market participants is finite
and when one company has a larger market share than others. This means that the level
of concentration cannot be calculated according to the RI if there are companies with the
same market share in the market.
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2.2. Maurel-Sedillot Index

In 1999 Maurel and Sedillot proposed a different formula for calculating the level of
market concentration [8]:

n
MS =5+ ) S22 - 5); (5)
i=1
here:
S1—the the i-th companie’s market share.
Si—is the market share of the i-th company.
n—is the enterprises number of the relevant market.
According to the Maurel-Sedillot model, the company with the biggest share of the
market is given a higher relative weight in the market. In order not to impede effective
competition in the market, the result obtained by this formula should not exceed 0.45.

2.3. Industrial Concentration Index

To measure concentration in markets more indexes are used also. Bikker and Haaf
[4], in addition to the above, distinguished the Industrial Concentration Index (CCI) [7].
This index is expressed as squares sum of the dominant undertaking’s market share and
the squares of the remaining undertakings’ shares multiplied by the remaining market
share [7]:

cc1=sl+255*(1+(1—si)) ©)

here:
Si1—the largest market share of the company.
Si—the the i-th companie’s market share.
n—is the count of enterprises in the relevant market.

2.4. Hannah and Kay Index

The value of the comprehensive industrial concentration index is equal to one. With
a larger number of firms and an index approaching zero, a declining market concen-
tration, the Hannah and Kay Index (HKI), is shown. This aggregate index assesed ac-
cording tothe [7,9]:

1

n 1-a
HKI=<ZS{Z> ,a>0ira+1, (7)

i=1

Si—is the the i-th companie’s market share.

n—is the count of enterprises in the relevant market.

a—coefficient of elasticity, 0 < a # 1, optional, reflects the change in concentration
depending on entry/exit/market barriers and trade between firms. a freedom of choice
allows an overview of different scenarios. When a — 0, it shows the number of business
entities in the market, and when o — o, the index approaches the analogue of the business
entities largest market share.

2.5. Hause Index

Hause proposed his variants for calculating market concentration [27]: Hause Mul-
tiplier (Hm). Hause presented a numerical model that with increasing n, competition
grows much more slowly at a lower value of ¢, that is, at a high degree of agreement, than
the HHI predicts [7]:
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2—(Sp*( S+ (HHI-S?)
Hn(a (53 = Y 57 Crtm=d) ®)
i=1
Si—the the i-th companie’s market share.
n—the count of enterprises in the relevant market.
a—coefficient of elasticity, a > 1.
2.6. Entropy Index
The entropy index (E) is expressed by the formula [7]:
E ==Yi.,S; —log; 5 )

The values of the index are between 0 and log2 n and are not limited. The entropy
index changes vice versa in proportion to the level of concentration. The index decreases
in the presence of inequality. The closer the market is to the monopoly, the value of the
index is closer to zero. E = log n, when all firms in the market have equal shares and
concentration is the lowest.

2.7. HHI Index

The HHI is broadly used to determine the merger in a competitive business [35].
Measuring the construction sector’s market concentration remains an important issue for
understanding the level of diversification and systemic risk. The market influence on
merger performance should be evaluated by index which shows the concentration degree.
[14,15]. HHI was created to determine diversification [35]. Regulators often use HHI to
assess competitiveness and secret behavior effect to concentration. HHI letsto understand
the effective structure of controversy and competitive behavior [6]. In most cases, an in-
direct method is used to assess competitive effects—to identify the competitive
constraints faced by the undertaking and to evaluate if the undertaking has market power
or the merger strengthened a merger. It is usually gathered by competition authorities
usually: there is formulated description of the analyzed market and analyzed the con-
ditions of competition in this market. When the market has been described, it is possible
to identify competitors and attribute the relevant market shares to market participants.
These market shares and related concentration measures are used for the conclusions
about the market power of the undertaking or, unless otherwise specified, the strength of
the undertaking’s restrictions of competition. The market share is directly related with
market power, the level of concentration in the market points to competition, and the
higher prices than in less concentrated industries [44—47]. The Theory of market concen-
tration and HHI is written by Cournot method of quantitative competition for business
entities producing a similar product with fixed marginal prices. According to the Cournot
model, the average margin, measured in terms of market shares, is similar to the HHI
which contains the price ductility of demand. The HHI shows more strength to bigger
market shares, a market in which one entity has a very large market share, few smaller
entities receive a high HHI size. Situation when there is only a small number of companies
with the same market share, market power may not be used. In addition, if there are only
a few companies in the market with symmetrical market shares, this may lead to coordi-
nated behavior. Consideration is given here to a homogeneous product market. Another
relationship between HHI and harmonized behavioral stability is indicated in Stigler’s
work. He revealed that the stability of coordinated behavior is the opposite proportional
to the HHI. Situation when the market concentration is high, a fraudulent company can
be found and deterred by the agreed result. The differences in the index are thought to be
related to increase of the price. According to the Cournot model, linear demand and the
fixed marginal prices wealth becomes lower with increasing concentration —with the con-
dition that there will be no efficiency gains and potential competition [7].
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If there is no synergy merger in the market, compared to the Cournot model, may
mean that competition leads to price increases. The elevant market description, the calcu-
lation of market shares and the concentration measurements obtained from these shares
were used to set the thresholds. In the European Commission’s Guidelines, the digital
HHI levels and the difference in HHI caused by the merger are used for specifying the
range, which will not be subject to any further merger analysis. These limits allow to
perform initial merger control therefore, they can be considered as safe ports. The
Herfindahl-Hirschman index is mostly used in the EU as a much more detailed model for
calculating the construction sector’s concentration. HHI determine the degree of concen-
tration in the important market and its geography. It is based on the market shares
squared and sum:

HHI = C,; = Yk, S? (10)

here:
Si—the the i-th companie’s market share.
n—the count of enterprises in the relevant market.
The values of the indexes are determined:

HHI < 0.1—not concentrated market.
HHI = 0.1-0.18 — concentrated moderately.
HHI > 0.18 —highly concentrated market.

The main limitation of HHI is that predictions are not possible. This is because it is
difficult to determine the size of the market because it changes very often. Predictions are
possible if the number of construction sector’s players is available, and are known their
market shares. All enterprises should be included in the calculation of the HHI, and the
lack of information about very small enterprises may be insignificant as they do not have
great impact on the outcome.

3. Methods and Data

The DEMATEL method in this work intends to assist the preparation of construction
sector’s business strategies based on assessments of market. It have been implemented in
a typical area—construction sector. The developed algorithm was designed to assess the
market power, to analyze strategic actions in the market, and to choose strategic decisions.
Multi-criteria analysis was used with the assistance of experts. The experts were selected
for this study based on the following main criteria:

(1) Qualification—manager of a construction company.
(2) Atleast 10 years of experience in the construction sector.
(3) Experience in conditions of distorted market competition in the construction sector.

10 experts participated in the study. This number of experts was selected based on
the methodology of qualitative research: if the number of experts is above 10 so it does
not affect the accuracy and reliability of the results significantly.

In a case for the evaluation of market power in the construction sector, the influence
of the construction sector on GDP is significant [48]. The DEMATEL method was adapted
for the evaluation of the market power of companies in the Slovenian construction sector.
Next were presented indicators of 18 companies in construction sector during 2015-2019
period [48].

The main hypotheses of this work are following:

1. DEMATEL method is appropriate for assessing the competitive position of a business
entity.

2. HHIindex is suitable for determining the competitive position, considering the spec-
ificities of the construction sector.

3. The HHI index affect the ability of the business entity to avoid market distortions in
relation to competitors over time.
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Identification of the relations among the n parameters, an n x n matrix was deter-
mined firstly. The influence of the parameter in each row meets with the parameter of
each column of this matrix. If experts’ suggestions are used, they-must complete the
matrix. Arithmetic mean of all experts’ suggestions is used and then a direct relation
matrix X is gathered:

X =

0 - Xy
: . : l (11)

Xip 0

Normalization of the sum of all rows and columns of the matrix was made. The big-
gest count of the row and column sums can be shown by k, It is important that each pa-
rameter of the direct-relation matrix would be divided by k.

n n
k =max{max ) x;;, ) x; (12)

=1 =1
N=Tsx (13)

= — %
k
The fuzzy total-relation matrix can be computed as follows:
— I 1 24 ... k

T = kng(N +N*+ -+ N¥) (14)

An n x n identity matrix shows that matrix is subtracted from normalized matrix and
the resulting matrix is reversed. Next, the normalized matrix is multiplied by the resulting
matrix in order to acquire the total relation matrix (Table 2).

T=Nx(-N)" (15)

Table 2. The final relation matrix.

' 7o)

£ 3885 g5 2 2 g ., %2 & E % 2
5y » S 28 Eg & 5 B & S5 B 2 & 9o 8
S ETEESEN TY2:8 3 ¢ 5 E < E %

< £ = o0 )
£ fsrZiecEiPif Tofoz g it
tZ2t: f8: 3 7 E RO K

O 2 H o :'_],5 =
Turnover 0.11 019 0.16 0.16 0.6 0.19 0.17 0.08 0.19 0.18 0.11 0.1 0.16 0.13 0.21
Gross operating profit 0.18 0.12 0.15 0.16 016 0.19 0.17 0.08 0.19 0.18 0.1 0.08 0.15 0.12 0.2
Number of hours worked by employees 0.15 0.16 0.09 0.12 012 0.15 0.14 0.08 0.15 0.14 0.11 0.11 0.15 0.13 0.2
Notional number of employees 0.15 0.16 013 0.09 0.16 0.16 0.14 0.06 0.16 0.15 0.09 0.07 0.13 0.1 0.18
Total expenditure on supplies and services 0.15 0.16 0.13 0.16 0.09 0.16 0.14 0.06 0.16 0.15 0.09 0.07 0.13 0.1 0.18
Revenue from subcontracting 0.18 019 015 016 016 012 0.17 0.08 0.19 0.18 0.1 0.09 0.15 0.12 0.2
Sold tangible fixed assets 0.16 017 013 014 014 017 0.1 0.07 0.17 0.16 0.09 0.08 0.14 0.11 0.2
Sales revenue 0.09 0.09 0.08 0.07 0.07 0.09 0.08 0.03 0.09 0.08 0.11 0.09 0.1 0.1 0.17
Cost of sales 0.18 0.19 0.15 0.6 0.16 0.19 0.16 0.08 0.12 0.18 0.1 0.09 0.15 0.12 0.2
Operating costs 0.16 0.17 014 015 014 017 0.15 006 0.17 0.1 0.09 0.08 0.14 0.11 0.19
Liabilities of companies 0.11 012 0.12 011 011 012 0.1 0.08 0.12 0.12 0.06 0.1 0.12 0.11 0.19
Equity of companies 0.11 012 012 01 01 012 0.1 0.08 0.12 0.11 0.11 0.05 0.13 0.13 0.2
Corporate assets 0.16 0.16 0.15 0.14 014 0.16 0.14 0.09 0.16 0.15 0.11 0.12 0.1 0.15 0.21
Debt ratio 0.14 0.14 014 012 012 0.14 0.13 0.09 0.14 0.13 0.11 0.13 0.15 0.08 0.21
HHI index ratio 0.05 0.07 0.06 0.06 0.06 0.07 0.06 0.03 0.07 0.06 0.05 0.05 0.06 0.06 0.06

The threshold score should be taken to evaluate the internal relations matrix. Partial
connections are neglected, and the relationship map of the network (NRM) is made. Only
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connenctions whose scores in matrix T is above the threshold score are depicted in the
map. To compute the threshold score for relations, it is sufficient to estimate the average
values of the matrix. After estimation of the threshold intensity all values in matrix T,
which are less than the threshold score, are set to zero.

In this study, the threshold score is equal 0.346.

The valuations in matrix which are less than 0.346 are set to zero, the causal relation
mentioned above is not considered. The model of connections is shown in the table
(Table 3).

Table 3. The final-relationship matrix including the threshold value.

! =1
) ] @ e ]

%D E ) B 8 Eg (":; an E g 8 % “5 0 @ § %
s‘é“;mggg%maa_g U o S = 8 m-"—i“s-i‘iﬁ -8 =
> VE wB » Z O SY 3 0E a = > 2] o 2 & = S =
e 2% BT 9o R = 92 2 5 Q¢ 20 g E 8 28 9 & g
= < S8 -2 aatEE B2 £ EaFad £ £ 3
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Turnover 0.00 0.18 0.15 015 015 0.18 0.6 0.00 0.18 0.16 0.00 0.00 0.16 0.14 0.00
Gross operating profit 0.19 0.00 0.16 016 016 019 0.17 0.00 0.19 0.17 0.00 0.00 0.16 0.14 0.00

Number of hours worked by
employees
Notional number of employees 0.16 0.16 0.00 0.00 016 016 0.14 0.00 0.16 0.15 0.00 0.00 0.14 0.00 0.00
Total expenditure on supplies
and services
Revenue from subcontracting 0.19 0.19 0.15 016 016 0.00 0.17 0.00 0.19 0.17 0.00 0.00 0.16 0.14 0.00

Sold tangible fixed assets ~ 0.17 0.17 0.14 014 014 017 0.00 0.00 0.16 0.15 0.00 0.00 0.14 0.00 0.00

0.16 0.15 0.00 013 013 015 0.13 0.00 0.15 0.14 0.00 0.00 0.15 0.14 0.00

0.16 0.16 0.00 0.16 0.00 0.16 014 0.00 0.16 0.14 0.00 0.00 0.14 0.00 0.00

Sales revenue 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cost of sales 0.19 0.19 0.15 0.16 0.16 0.19 0.17 0.00 0.00 0.17 0.00 0.00 0.16 0.14 0.00
Operating costs 0.18 0.18 0.14 0.15 0.15 0.18 0.16 0.00 0.18 0.00 0.00 0.00 0.15 0.13 0.00
Liabilities of companies 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Equity of companies 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.00
Corporate assets 0.16 0.15 0.15 0.13 0.13 0.15 0.14 0.00 0.15 0.14 0.00 0.13 0.00 0.15 0.00
Debt ratio 0.13 0.00 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.15 0.00 0.00
HHI index ratio 0.21 0.20 0.20 0.18 0.18 0.20 020 0.17 0.20 0.19 0.19 0.20 0.21 0.21 0.00

4. Results

Application of DEMATEL method has been shown above. Further we will evaluate
the sum of each row and each column of matrix T. The sum of rows (D) and sum of
columns (R) can be calculated as follows:

Tij (16)

Ty (17)

The scores of D - R D + R can be estimated by D and R, D + R reflects the level of
importance of parameter i in the entire system and D - R shows net effects, that factor i
contributes to the system.

The final output is shown in the Table 4.
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Table 4. The final output.

R D D+R D-R

Turnover 2.301 2072 4373  -0.23

Gross operating profit 2212 2195 4407 -0.016

Number of hours worked by employees 1.999 1.91 3909 -0.089
Notional number of employees 1.947 1912 3.859  -0.035
Total expenditure on supplies and services 1.928 1.898 3.826  -0.03
Revenue from subcontracting 2.234 2177 4411  -0.058

Sold tangible fixed assets 2.026 1.943 3969 -0.082

Sales revenue 1.322 1.048 2.37 -0.274

Cost of sales 2.221 2193 4415 -0.028

Operating costs 2.003 2079  4.082 0.076

Liabilities of companies 1.691 1421 3112  -0.27

Equity of companies 1.687 1292 2979 -0.395

Corporate assets 2.139 1.951 4.09 -0.187

Debt ratio 1.989 1.665 3.654 -0.324

Businesses entities and markets the HHI index ratio 0.856 2.798  3.655 1.942

The following Figure 1 shows the important relations. Model was shown as a chart
in which the scores of D + R are on the horizontal axis, the results of D — R on the vertical
axis. The interaction and position of each parameter with a points in the coordinates (D +

R, D - R) are estimated by coordinate system.

2.5
1.5
I
A 05

0.5 1 1.5 2

05 0

® Turnover

® Gross operating profit

» Number of hours worked by employees
Notional number of employees

® Total expenditure on supplies and services

® Revenue from subcontracting

® Sold tangible fixed assets

@ Sales revenue

@ Cost of sales

® Operating costs

@ Liabilities of companies

@ Equity of companies

® Corporate assets
Debt ratio

[ ]
A;.
[ B J

3.5

Businesses entities and markets the HHI index ratio

Figure 1. Cause-effect diagram.
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The Figure 1 and Table 4 show, that each parameter can be determined based on
these aspects:

- D + R shows the level of importance between parameters, which works in the whole
system. D + R shows both scores i’s impact on the entire system and influence of other
system factors’ on the score in terms of importance degree. Cost of sales is ranked in
the first place and next are ranked Revenue from subcontracting, Gross operating
profit, Turnover, Corporate assets, Operating costs, Sold tangible fixed assets,
Number of hours worked by employees, Notional number of employees, Total
expenditure on supplies and services, Businesses entities and markets the HHI index
ratio, Debt ratio, Liabilities of companies, Equity of companies and Sales revenue.

- D - R shows the degree of a score’s impact on system. In general, the positive value
of D - R represents a causal variable, and the negative value of D — R represents an
effect. In this study Operating costs, Businesses entities and markets, HHI index ratio
are regarded as causal variables. Turnover, Gross operating profit, Number of hours
worked by employees, Notional number of employees, Total expenditure on supplies
and services, Revenue from subcontracting, sold tangible fixed assets, Sales revenue,
Cost of sales, Liabilities of companies, Equity of companies, corporate assets, Debt
ratio are regarded as an effect.

5. Discussion

In this article, are identified the main economic indicators that influence the change
in the HHI index, their volumes are estimated, it allows to plan business strategies that
would help to achieve a sustainable market situation by reducing market concentration.
Indicators such as Operating costs, Businesses entities and markets, the HHI index ratio
are regarded as a causal variables. Turnover, Gross operating profit, Number of hours
worked by employees, Notional number of employees, Total expenditure on supplies and
services, Revenue from subcontracting, sold tangible fixed assets, Sales revenue, Cost of
sales, Liabilities of companies, Equity of companies, corporate assets, Debt ratio are
regarded as an effect.

After receiving the results, we can state that the DEMATEL method is appropriate
for assessing the competitive position of a business entity. The HHI was used in the
specifications of the level of competition and market concentration in the sector. After
empirical verification, we can state that the DEMATEL method is an appropriate multi-
criteria tool, assessing the construction sector’s sustainability, as it can help to identify
which criteria have the greatest impact on a company’s HHI index. This method is used
to analyze and describe the cause-and-effect relationship between the assessment criteria
or by revealing the interrelationship of the factors. DEMATEL method analyzes the
components of each criterion, also the intensity of direct and indirect relationships
between the components, causal links and strength of influence. The first hypothesis was
confirmed.

The following are works of similar specificity, which examined concentration indices
by using multicriteria methods such as DEMATEL at the full information level, as well as
at the GRAY and FUZZY levels. Author Hasan [49] used HHI-based evaluation of the
European banking sector using an integrated fuzzy approach, in his work, he also used
the HHI index to assess the distorted market, this index was also chosen as valid. In the
further research it would be useful to apply FUZZY approach and compare it with this
work results. Tzend and Opricovic [50] applied DEMATEL method but noted that there
are cases when the assessment of alternatives should provide a well-established criteria
and improvement of a multi-criteria decision model is necessary to cope with qualitative,
linguistic or limited information. Xigiang and Junhu [51] research was based on the sus-
tainable circular economy in China Agriculture using Grey-DEMATEL method seeking
to determine the development barriers. They noted that it is difficult to develop a circular
economy with the lack of sufficient technical and financial support. DEMATEL method
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was used even at GRAY situations and was successfully implemented. Huichen and Livan
[52] used the HHI index to determine the sustainable development of Chinese listed
banks. Their work founded that a mix of an entropy index and an HHI are useful for an-
alysing the connection between diversification and risk. They suggest that business enti-
ties should use an appropriate diversification to achieve the sustainable development.
Wen-Kuo [53] use the DEMATEL to check the main limits for implementing the circular
economy, his research method was based on experts, the initial-direct matrix obtained
from the experts, however, have been affected by the uncertainty of those relationships.
This correlated with our work. Chia-Chen et al. [54] also use the DEMATEL method for
the qualitative data analysis, they apply the GRA and DEMATEL methods together with
the quantitative data. Based on previous work by the authors, our results are similar, but
future work is needed on the FUZZY and GREY levels.

The differences in HHI are caused by the mergers, which are used to define a range,
that will not be subject to further merger analysis. These restrictions allow the initial
merge control, so they can be considered as secure ports. The HHI is mainly used in the
EU as a much more detailed model for calculating the concentration of the construction
sector. The Herfindahl-Hirschman Index (HHI) estimates the degree of concentration in a
product market and its geography. With respect to the second question of the hypothesis,
we can say that the HHI index is suitable for determining the competitive position con-
sidering the specifics of the construction sector.

The main limitation in this work is that HHI index results of the relevant period are
gathered using existing information merely, and forecasts are not available. In the markets
which are frequently undergoing restructuring, it is difficult to assess the the market
size—as it changes frequently. Particular predictions are possible, when there are availa-
ble number of companies in the construction sector and their market shares. All
businesses should be included in the HHI index calculation, and the lack of information
on very small businesses may be negligible as they do not have a significant influence on
the bottom line. However, it could be stated that the change in the HHI index during the
period (in our case 2015-2019) affects the ability of a business entity to avoid market dis-
tortions vis-a-vis competitors, thus confirming the third hypothesis.

Another limitation of this study relates to the DEMATEL method and the selection
of the expert group. The selection of experts necessarily involves subjective bias in aca-
demic and industrial networks. However, despite the aim of neutrality and the special
attention paid to the consistency and complementarity of the selected profiles, it seems
difficult to remove these difficulties completely, given the purpose of the study. Future
research should examine and compare the results in detail, interviewing not only business
representatives but also researchers in the field. Despite the widespread use of the HHI
index in a distorted market, further research should extend the remaining concentration
indices discussed, to assess the competitive situation in the construction sector using the
DEMATEL method. The applicability of these methods to different levels of distorted
market should be assessed also.

6. Conclusions

Competition usually is determined with the help of these variables: concentration,
price marginal costs, taxes and import penetration. Exists structural (parametric) and non-
structural (non-parametric) approaches to measure competition in the construction sector.
The structural approach of research relies on the structure-behavior-performance (SCP)
paradigm, which is tied with the relationship between construction sector’s market struc-
ture and companies behavior. CR and the HHI are commonly used as indicators of
competition. The main problem of using CR as an index for estimating competition is that
there are serious issues in interpreting the number and size of the distribution. In the data
of larger n firms only total value (sales, wealth, and employment) are considered, and
value outside those firms and their distribution are clearly ignored.
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Unstructured approach is more difficult than the structural, because of the the data
quality and assessment methodologies. One of the most useful and popular indicators is
the Lerner index (LI), which is used to determine market power of entities in construction
market according to mark-ups above the marginal price. The calculation of the
Rosenbluth index (RI), which reflects the level of market concentration, is based on a lim-
ited number of market participants. The RI is calculated only when the number of con-
struction market participants is finite and when one company has a larger market share
than others. This means that the level of concentration in the market cannot be calculated
according to the RI if there are companies with the same market share.

The main limitation of HHI is due to unavailability of predictions since it is difficult
to determine size of the market—it often changes. Predictions are possible if the number
of construction sector’s players is available, and their market shares are known. All
enterprises should be included in the calculation of the HHI, and the lack of information
on very small enterprises may be insignificant, as they do not have notable impact on the
outcome.

Knowing the key economic indicators and their impact on the change of the HHI
index, it is possible to plan business strategies that would help to achieve a sustainable
market situation by reducing market concentration. The diagram of vector (D + R) shows
the degree of importance of each parameter, which they play in the system. (D + R) shows
both scores of influence on the all system and influence of other system parameters’ on
the score according to importance level. Cost of sales is ranked in the first place and next
are ranked Revenue from subcontracting, Gross operating profit, Turnover, Corporate
assets, Operating costs, sold tangible fixed assets, number of hours worked by employees,
Notional number of employees, Total expenditure on supplies and services, Businesses
entities and markets the HHI index ratio, Debt ratio, Liabilities of companies, Equity of
construction companies and Sales revenue. Empirical results show that the vector (D - R)
illustrates the level of a score’s impact on system. The positive value of D - R shows a
causal variable, and the negative value of D — R represents an influence. In this work,
Operating costs, Businesses entities and markets the HHI ratio are considered to be as a
causal variable, Turnover, Gross operating profit, Number of hours worked by
employees, Notional number of employees, Total expenditure on supplies and services,
Revenue from subcontracting, Sold tangible fixed assets, Sales revenue, Cost of sales, Li-
abilities of companies, Equity of the construction companies, Corporate assets, Debt ratio
are regarded as an effect.
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