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Abstract

This paper provides a comprehensive method for the evaluation of a
company. Specifically, it concerns the prediction of the viability of Czech
construction companies. The construction industry is a very specific in-
dustry. This is primarily due to the nature of the product. The use of
many production factors to convert to a farm (a house, a factory build-
ing, etc.) is assumed. Each contract of a construction company (apart
from the exceptions) is usually unique. In addition, the field produces
long-term assets. As the generic name suggests, the product is used by a
consumer (a household or firm) over a long period of time. Such a prod-
uct is seen to some extent as a consumer one in the consumer market.
However, it enters the market of production factors in the form of fixed
assets. Due to this fact, construction is usually a field which first inhibits
its activity and suffers a loss in times of crisis. On the other hand, it
also becomes the first field which enters a phase of growth after a crisis
period. The offered method is not only a suitable tool for managers of
individual companies, but it may indicate the stage of the economic cycle
in the particular country or in a particular market at ta correct selection
of those monitored companies. The methodology of the formation in an
offered model is applicable not only in the Czech Republic but it is also
transferable to other countries in Europe and the world, where it will
also be able to take into account the specifics of local markets, too, after
its application.

Keywords: construction company, financial health of the company,
bankruptcy and credibility models, binary logistic regression, discrimi-
nant analysis

Introduction

The world economy, as well as the Czech economy, has been going through an
economic recession for several years. The recession was created by the crisis in
the mortgage market in the USA approximately between 2008 and 2009 (some
sources state even earlier date). It spread from there throughout almost all of
the world; netheir the EU nor the Czech Republic was spared.
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The crisis, actually an economic recession, is proved by a drop in the eco-
nomic growth or a decline of the state domestic product, followed by an increase
in unemployment, but it also is involved with changing the attitudes and moods
of the country’s population. The economy, previously drawn by a household
demand, stagnates or falters and people, who are already nervous due to the
negative news about the development of the world as well as the European and
Czech economies, wait whether to see if there will be any change.

However, in the case of growth, which was driven by a household demand
and a trend towards consumerism and spending, the situation is much more
complicated because it concerns a change of the mood and the psyche of these
households. Currently, there is another serious problem that we can identify
in relation to the European Union. Even in the event that the Czech Republic
had a tendency to increase its demand and thus the growth of the economy, the
country is bound by the mood of the inhabitants of the neighboring countries.

At the time when the economy of one of 27 EU Member States has been
faltering, it is not such a disadvantage. These economic ties, on the other hand,
can be positively seen as a stabilizing factor. At this moment, when the re-
cession extends almost within the entire EU, the situation is more complicated
since, on the contrary, the often very complex ties tend to apply a certain rigid-
ity of the system. We should try to revive the system, which has a downward
trend, rather than preserving or stabilizing this downward trend. The question
is whether the right driving force of the economy is a household demand. As it
follows from the discussions of the experts, it is not probable. The first impulse,
which says that the economy is growing or declining, is a development of the
construction sector in a given state. It is doubly true for the Czech Republic,
especially when taking into account the fact that a historically maximum of the
construction enterprises went bankrupt in the year 2012 (MPO, 2013). This,
in itself, may indicate that a return to the growth will be relatively long and
complex.

However, all of the data should be monitored in both space and time. Table
No 1 shows the development of the value of the construction contracts in the
Czech Republic in millions of Czech Crowns.

The value of the contracts of construction companies has been continuously
declining from 2007 until the fourth quarter of 2013 (MPO, 2014; MPO, 2013).
Subsequently, there is a slight increase in the total sum of these contracts in
the first quarter of the following year (MPO, 2014b). However, this cannot be
said for new contracts. Thus, the data show a certain correlation between the
bankruptcies of construction companies and in the volume of contracts in the
industry over time. It is possible to deduce that the situation is not likely to
change in the near future from the trend of these contracts.

Construction companies are subjected to high pressure, to which they re-
spond with savings within their operation by searching for new markets and
with increasing the efficiency of their financial management, of course.
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Table 1: The value of construction contracts (CZK mil.)

Source: The Data from the Czech Statistical Office , a figure of the Ministry
of Industry of the Czech Republic (MPO, 2014b)

In practice, there are a number of methods that are employed when assess-
ing the financial situation of a company. Bankruptcy models, value models,
the economic added value, the market added value, benchmarking methods
and others are employed. Most of these methods, however, do not respect the
specifics of the construction industry and building businesses.

Bankruptcy models have a great potential. It should be noted that they are
currently used more as a supplement of financial analyses. Although they work
with relatively accurate data, their structure assumes a certain inaccuracy.
This is mainly caused by a used database and by employing the data from
companies of many sectors.

This paper therefore aims to create a bankruptcy model that will be used
exclusively for the evaluation of construction enterprises.

The Analysis of the Current State of the Researched Prob-
lem

One dimensional discriminant analysis was used in the construction of the first
bankruptcy models (Mohd-Sulaiman, 2013; Ho, McCarthy, Yang and Ye, 2013;
Korol, 2013). Bankruptcy models were subsequently able to provide informa-
tion on whether a particular enterprise is able to survive any financial distress
or whether it is heading for bankruptcy. Then the use of multiple discriminant
analysis spread and it was followed by a logit analysis (Altman and Saunders,
1998). Many classical statistical methods have been developed and described
by these authors: Altman and Saunders (1998), Altman (1984), Taffler (1984),
Jones (1987), Keasey and Watson (1987), Ooghe and Balcaen (2002), Dimitras,
Zanakis and Zopudinis (1996), Altman and Narayanan (1997).
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Currently a logit analysis, a probit analysis and linear probability models
are also employed. These methods are used in the development of models of the
evaluation of conditional probability (Doumpos and Zopoudinis, 1999). They
consist of a combination of variables, with the best possibilty to discern those
failing enterprises within groups or, conversely, those which are able to survive
any financial hardship. The nonlinear maximum likelihood estimation of the
logit analysis was used to estimate the parameters of the following logit model
(Hosmer and Lemeshow, 2000; Gujarati, 2003; Meloun, Militký and Hill, 2005):

P1(Xi) =
1

1 + exp− (B0 +B1Xi1 +B2Xi2 + . . .+BnXin)
=

1

1 + exp− (Di)

where P1(Xi) = probability of failure with regard to the vectors
of attributes Xi;

Bj = attribute coefficient j , for j = 1, . . . , n and
B0 = limited section,

Xij = attribute values j (for j = 1, . . . , n) for company i,
Di = “logit” for company i.

Material and Methods

The data set consists of the absolute and relative indicators of those companies
operating in construction (section F classification CZ-NACE) in the years 2003–
2012, i.e.:

• Building Construction:

o Development aktivity.

o Construction of residential and non-residential buildings.

• Civil engineering:

o Construction of roads and railways.

o Construction of engineering networks.

o Construction of other buildings.

• Specialised construction activities:

o Electrical, plumbing and other construction installation activities.

o Completion and finishing work.

o Other specialized construction activities.

The file was generated from the Albertina database and it contains 67,492
recording lines. Each row contains 191 characteristics of each company. These
are the statements from the financial statements (balance sheet data, income
statement and statement of cash flows), non-financial indicators and ratios.
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The following assumptions will be considered in order to create the method:

• It will be a bankruptcy model (the enterprise development will be eval-
uated in two variables: the survival of the company or the tendency to
bankruptcy. A dependent variable will be only 0 or 1).

• Absolute indicators will be used for the model (but I will assess the po-
tential relevance of selected ratios when creating the method).

• Analyzed data do not follow a normal distribution.

• A development of a model is an iterative process that is cyclically repeated
by the efforts for an improvement.

• The analyzed sample is a representative specimen of the population sur-
veyed.

• The goal is to create a model that is as simple as possible that explains
sufficiently enough of the behaviour of the dependent variable. The de-
pendent variable is of a binary character.

• The model will have some generalizing properties; it can be used for
predicting (the efficiency of classification into groups would be better
than the one with a by chance basis, i.e. the classification efficiency
should be higher than 50%).

• The quantitative variables of the discrete nature (e.g. the number of the
employees) will be regarded as a continuous variable (a used software
does not enable a better access ).

• Each model is inadequate or inaccurate to a certain extent and it distorts
the reality, but some mdoels are (or can be) more useful than others.

The Mathematical Model of the Assignment Problem

The focus will be given to the nature of the problem only on the so-called
binary logistic regression. In this case, the value of a dependent variable takes
only two conditions. In the case of the binary variable in our context, it will
be the dependent variable, defined as:

Z =

{
1 if a result ends in the success
0 if a result ends in the failure

with probabilities of Pr (Z = 1) = π and Pr (Z = 0) = 1-π. If we have an n of
such mutually uncorrelated variables Z1, Z2, . . ., Zn, where Pr (Rev = 1) = π
for j = 1,2, . . ., n, the random variable Y can be defined; it will be represented by
the sum of all n random variables Rev, j = 1,2, . . ., n. A variable Y represents
the total number of “achievements” in the n performed experiments. The
density probability of a variable Y, ie. a probability function, is possible in this
case note as:
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Pr(Y = y) =

(
n

y

)
πy(1− π)n−y

, y = 0, 1, 2, . . . , n.

Certainly, one can imagine a more general situation in which can be ob-
tained n of such values y1, y2, ..., yn by performing experiments and observa-
tions. These values represent a number of ”achievements” in the n various
groups. The individual groups themselves may vary in different conditions of
our experiment, i.e. values of predictors (in our approach to various indicators
of financial statements).

If we want to study subsequently the relative frequency of “achievements”
in different groups depending on various explanatory variables, we can use
generalized linear models to determine the probability of πi by the model:

g(πi) = β
′xi.

The symbol xi here is the column vector of explanatory variables for the i-th
observation, a β column vector represents search parameters. The function g
(.) then presents the so-called linker, or the binding function (Meloun, Militký
and Hill, 2005).

The simplest method of predicting the relative frequencies of success lies in
the assumption that the so-called canonical linker function g (.) is an identical
function. A classic linear model in the form of πi = πi = β′xi is obtained. It
is not very suitable for the probality modeling as the predicted values may lie
outside the interval [0; 1]. To eliminate the problems that arise when using a
classical linear model, it is possible to use distribution functions where:

π =

t∫
−∞

f(s)ds

The probability density of an f (s) is called the tolerance distribution. An
appropriate choice of the tolerance distribution can reach e.g. a logit or probit
model. In the case of the probality modeling it is likely to be advantageous to
use the logit linker function and the model enter as:

logitπ(xi) = ln

(
π(xi)

1− π(xi)

)
= β′xi

The objective of a logistic regression1 consists in the modeling of the condi-
tional mean of the dependent variable y at certain values of x, i.e. via logistic
functions Formally, therefore:

E(y|x) = π(x) =
exp(β′x)

1 + exp(β′x)

1In essence, the name of the logistic regression is derived from the so-called linker function
( the so-called logit transformation of the dependent variable is employed)
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In order to estimate the unknown parameters of the logistic model, denoted
by a symbol β, the method of maximum likelihood can be used. Its principle
can be expressed as follows. When considering a pair of measurements, which
are obtained by observation or experiment, i.e. (xi, yi), then the contribution
of the information contained in this observed pair to the likelihood function
can be expressed as:

π(xi)
yi [1− π(xi)]

1−yi

as variables yi ∼ Bi(1, π(xi)). If we further assume that the individual
measurements are independent of each other, then the likelihood function can
be expressed as the product of all these contributions, since it is in essence the
associated probability function, i.e. we obtain the following likelihood function:

l(β) =

n∏
i=1

π(xi)
yi [1− π(xi)]

1−yi

Results and Discussion

The Preparation of the Data File
The division into the training and testing parts, according the businesses, was
carried out. The variables “test” and “sample” were added. We also added the
variable “bankruptcy” which acquires the value 0 provided that the business
is not declared bankrupt, and which acquires the value 1 provided that the
business is declared bankrupt or going into liquidation.

The Primary Screening of the Variables
According to the methodology, we subsequently eliminated the variables with
no links to the variable “bankruptcy”, i.e. the variables which did not con-
tribute to the discrimination between well prospering and not prospering busi-
nesses.

Firstly, we carried out a set of tests whose objective was to reveal the
variables which did not depend on the variable bankruptcy yes(1)/no(0). We
eliminated the variables with insufficient number of observations at the next
stage.

Afterwards, the overly correlated variables were removed and a correlogram
was created. We also removed the variables of a purely categorial character
for the model creation itself, which did not enter into the analysis, in order to
make the final file in the smallest possible way. We created the data matrix in
this way, which was subsequently used for the final model creation.

The Model Creation
A logistic regression was carried out. It was necessary to analyse the results,
above all using the tests of the significance of the regression coefficients. Sub-
sequently, suitability and predication qualities of the model were evaluated.

Firstly, the likelihood-ratio test type 1 and 3 were performed. The results
of the second one are indicated in table No. 1.
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Table 1 Likelihood-ratio test type 3(significant values only)
Bankruptcy-Likelihood-ratio Test type 3 (data)
Division:BINOMIAL, link function: LOGIT
Modelled probability bankruptcy=0
Degrees

Effect of
Ln-

Chi-square p
freedom

likelihood

Unbilled revenue 1 -5444.37 4.84539 0.027720
Current assets 1 5454.39 24.88395 0.000001
Original capital – CZK K 1 -5444.27 4.64226 0.031194
Bank loans and accommoda-
tion (short-term)

1 -5462.30 40.70408 0.000000

Output consumption – CZK K 1 -5454.34 24.79270 0.000001
Change in reserves and
provisions relating to operating 1 -5456.04 28.19159 0.000000
activities and complex costs
Total financial cost 1 -5445.35 6.80446 0.009093
Cost to the government 1 -5444.00 4.10276 0.042813
Instant liquidity 1 -5448.62 13.35169 0.000258
Labour productivity of person-
nel – CZK K/month

1 -5456.07 28.24996 0.000000

Quick test 1 -5459.75 35.61390 0.000000
Ratio of receivables to assets
- %

1 -5448.31 12.72688 0.000360

Ratio of financial assets to
assets-%

1 -5460.68 37.46638 0.000000

Other liabilities in the ratio of
liabilities-%

1 -5444.54 5.19664 0.022631

Note: In order to simplify, the table contains only the items that are important for
further solution of the logistic regression.
Source: Authors

The regression coefficients were estimated as the last ones. The actual val-
ues are indicated with the individual items in table No. 2.

Thereafter, a repeated choice of variables was carried out. All the vari-
ables with insignificant regression coefficients were eliminated from the analy-
sis. Each of the three tests marked some coefficients as significant and, on the
contrary, some others as insignificant. It is then essential to incorporate all the
significant coefficients from all three tests into the analysis.

The final model for the evaluation of the viability of construction enterprises

has the following form: logitπ(xi) = log
π(xi)

1− π(xi)
= β̂′xi = −2.78018 +

0.02346× Number of employeesi + 0.98379 × Profit/Lossi–0.00004× Actual
capital-K CZK i–0.00005× Retained earnings of the recent years-K CZK i +
0.00013× Short-term bank loansi–0.00017× Loan indebtedness−%i+0.00065×
Repayment period of debt from cash flow yearsi + 0.0004× Gross cash flow
liquidity−%i–0.01893× Capital coeffcient of total assets−%i +0.01352× Ratio
of receivables to assets -%i + 0.01350× Bank loans and accommodation in the
ratio of liabilities-%i
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On the basis of the sensitivity analysis, the threshold of 0.500997 was de-
termined. The construction enterprises whose model value reaches 0.500997 or
above will probably survive the potential financial crisis. Otherwise, they will
have problems and go bankrupt in the case of a financial crisis.

The Validation of the Model on a Specific Case Solution in Practice
The quality of the model will be evaluated by means of the Hosmer-Lemeshow
Test (in table No. 3 and 4), fuzzy matrix (in table No. 5) and ROC (The
Received Operation Characteristic curve).

The P-value of the Hosmer-Lemeshow Test and the other characteristics
indicate the suitability of the model.

The fuzzy matrices for the training data are indicated in table No. 5.

Table 5 The Fuzzy Matrices for the Training Data
Predicted Predicted Percentage of correctObservation
YES NO predications

YES 13928 16 99.89 %
NO 285 9 3.06 %

Source: Authors

Let us examine the obtained fuzzy matrix in detail. There are predicted fre-
quencies in lines and after that the frequencies on the basis of real observations
of the data in the columns of this table. The inner elements of the fuzzy matrix
– the contingency table has their established names:

• TP – True positive (Observed YES; Predicted YES) number of the cor-
rectly classified cases of the bankruptcy of the entity.

• FP – False positive (Observed YES; Predicted NO) number of the incor-
rectly classified cases of the bankruptcy.

• TN – True negative (Observed NO; Predicted NO) number of the cor-
rectly classified cases when the enterprise is without difficulties.

• FN – False negative (Observed NO; Predicted YES) number of the in-
correctly classified cases when the enterprise is without difficulties.

On their basis, the relative indicators of the effectiveness of the classification
are determined. The first indicator, and probably the most important one, is
the so-called Accuracy which is defined as the sum of the absolute frequency
of the main diagonal to the total number of classified.

Formally written as:

ACC =
TP + TN

TP + TN + FP + FN

As shown in Table No.4, the ratio in case of our model: (13928+9)/ (13928+
9+16+285)=0.9901, i.e. 97.89 %.
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Other relative measures are as follows:

• The True Positive Fraction: the sensitivity which indicates the probability
that our model will mark a really failing enterprise as a failing enterprise.
The sensitivity can be obtained as follows:

TPF =
TP

TP + FN
= 54.38%

• The False Positive Fraction: it is supplementary to the specificity and
indicates the probability that our model will mark the enterprise as failing
although it will be without difficulties in reality. The ratio as follows:

FPF =
FP

FP + TN
= 2.12%

• The True Negative Fraction: it has become usual to use the name “speci-
ficita” in Czech, which indicates the probability that the model will mark
the non-failing enterprise as not failing. The specificity can be obtained
as follows:

TNF =
TN

FP + TN
= 97.88%.

• The False Negative Fraction: it is supplementary to the sensitivity and
indicates to what extent our model is not able to reveal the presence of
the observed phenomenon, i.e. the bankruptcy of an enterprise. This
indicator can be obtained as follows:

FNF =
FN

TP + FN
= 45.62%.

The fuzzy matrix obtained on the basis of the training data gives a biased
estimate of the effectiveness of the established model, since it is obtained on
the basis of the training data that is used to the construction of the model.
Therefore, it is important to use the validation data set. The fuzzy matrix for
the validation part of the data is presented in table No. 6, from which it is
apparent that the estimate of the classification effectiveness of our regression
model makes (ACC) 97.824%.

Table 6 Fuzzy Matrix for the Validation Data
Predicted Predicted Percentage of correctObservation
YES NO predications

YES 40339 26 99.93 %
NO 872 31 3.43 %

Source: Authors2

2Other characteristics are: TPF=36 %, FPF=2 %, TNF=98 %, FNF=64 %.
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The Received Operation Characteristic Curve

Another possibility of evaluation of the predication abilities of our model is
the so-called ROC curve.

Picture No. 1 presents the ROC curve for the training data base.

Picture 1 The ROC Curve Graph for the Training Data Base

Source: Authors

The graph of the ROC curve model with null predication ability is the line
segment connecting points [0;0] and [1;1].

Picture No. 2 presents the ROC curve for the validation data base.

Picture 2 ROC Curve Graph for the Training Data Base

Source: Authors



Ekonomická sekce / Economic section 73

It is obvious that the predication ability of the model is influenced by the
choice of the threshold to some extent. We can say that it is necessary to
opt for such a threshold (substantially it is about probability) for which the
relevant point on the ROC curve is as close as possible to the point with the
coordinates [0;1]. Assuming the determination of the threshold values based
on the validation data base, we would probably focus on the area of the high-
lighted rectangle because it is the closest to the point with the coordinates [0;
1].

From a visual perspective of the graph, it is possible to deduce that the
ROC curve and the fuzzy matrix coincide, i.e. the efficiency model is on the
level of 99.9%.

Conclusion

In the introduction and in the theoretical part of this paper, the problem and
the need were redifined, or more precisely, the nationwide need of a solution. A
method to easily predict the viability of a construction company in the Czech
Republic does not exist yet.

Creating a new model for a comprehensive evaluation of construction com-
panies is built on the principles of binary logistic (logit) regression. The as-
sumptions of the model creation were defined; the procedure of the data analysis
of the Czech construction companies as a prerequisite for creating the test file
in order to validate the proposed model was described as well. After applying
the chosen methodology, a model was found whose predictive power is high (97
824%). We can say with certainty that a model was created, or rather, a new
method for evaluating the viability of the Czech construction companies was
found. This tool is applicable to both the management of these companies, as a
top indicator of business management, and the other interest groups (the stake-
holders), the lender, the owner, the competitors and others. This model offers
guidance on the methodology to prepare similar models in different countries
of the world to some extent; (it is not possible to say that the developed model
is generally applicable to the whole world), but the methodology is certainly
applicable. If the predictive power of such models obtained by these models
anywhere in the world is greater than 50%, then we can speak of a valid model.
A model preparation for the individual countries of Europe or the world ap-
pears to be a challenge for a further solution. The new developed models ought
to respect the local conditions.

If there is a connection between the development of construction enterprises
and the entire economy, a newly constructed model applied to a correct sample
file of the construction enterprises in a particular country can be understood
as an indicator of future economic development. We will be able to indicate
fairly accurately whether the economic crisis or boom is coming.
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