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1. Introduction

Total assessment of economic and financial condi-
tion of construction companies is a relatively complex
procedure which involves application of a number of
indices, and the knowledge of their interrelations and
interreactions. In practice, such an assessment is per-
formed by means of a variety of sets of indices, which
are often changed and that, in consequence, makes it
difficult to draw conclusions and perform assessments.
It transpired, on many occasions, that using a relatively
big number of indices blurs the image and makes it
difficult to reach a final decision.

Due to the existence of the problems indicated
above, a number of simplified methods got into the
circulation which are not only fit to assess the condi-
tion of individual companies, but also to draw com-
parisons between them. Those methods are based on
certain synthetic indices (examples listed in section 2),
the usefulness of which has, in many cases, been a
subject of many years of research.

There are some contexts, nevertheless, where popu-
lar synthetic indices do not meet the expectations of
the analyst. This is particularly true about the assess-
ment of a small number of companies which, when
ordered according to a given index, present themselves
in a different order than expected, often not in keeping
with the preferences of the analyst. In such cases, it is
important and useful to have an instrument of analysis
in hand which, basing on the presupposed order of
preference for a selected group of companies, and on
known economic and financial parameters (or individual
indices) might make it possible to widen the scope of
analysis and make it applicable in order to enable
broadening of the analysis on a set of any size, ac-

cording to the preferences of the analyst.

In order to test the appropriateness of results ar-
rived at by means of such an instrument, the authors
suggested and used a procedure based on the follow-
ing:

¢ ordering of the companies, according to a se-
lected synthetic index,

e choosing a random (small) group of companies,
and assuming that the order they are in (basing on the
synthetic index used) reflects the analyst preferences,

¢ analysing the whole group of companies using a
multi-criterion approach,

e comparing that order from the point of view of
a synthetic index, and from the point of view of multi-

criterion analysis.

2. Assessment of the economic and financial condi-
tion of selected construction companies using the
Altman Model

There is a number of indices used in synthetic
assessment of the economic and financial condition of
companies and organisations, many of which are used
in assessing foreseeable bankruptcies.

Those indices are based on groups of selected
specific indices, and the final assessment of the eco-
nomic and financial condition is performed according
to one of the following procedures:

a) attaching a set of specific indices to one of
the model variants which defines the economic and
financial condition of a company, in accordance with a
presupposed rating and scale,

b) calculating a synthetic index (as a single value)
using weights attached to individual specific indices,
and identifying a category resulting from the assumed
rating and scale; a set of the defined weights which

describe the relationships within the calculation is
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usually referred to as multiple discriminate analysis.

The examples of synthetic indices used in the
context of developed market economy, also as a result
of positive tests of coherence with real condition of
the analysed companies (in a complex approach) and
businesses are as follows:

— for procedure (a): the so-called Quick-Test [1],

— for procedure (b): the so-called Simplified Dis-
crimination Analysis Index, Springate’s G.L.V. Model,
and the Altman Model [2]

In particular, the Altman Model — based on the
specific indices listed below — is well known and widely
used:

— turnover capital share in the assets index (X)),

— kept profit share in the assets index (X,),

— gross profit share (before interest) in the assets
index (X,),

— market value of shares capital to the value of
due payments index (X,),

— assets rotation index (X,).

With the appropriate function of discrimination, this

model takes the following form:
Z =1,2'X1 +1,4'X2 +3,3'X3 +0,6'X4 +1,0X5(1)

Attempts have also been made to modify the in-
dices, taking into consideration the specific Polish con-
text. The J. Gajdka and D. Stos [3] Model has been
quite popular as a modification of the Altman Model.

This paper uses the Altman Model, with the res-
ervation of using some more detailed definitions of
certain financial categories (for example, of the kept
profit, or gross profit before interest) which, in view
of Polish book-keeping procedures, might be burdened
with lack of precision. In the effect of this reservation,

the Altman Model indices have been assumed to be as

follows:
current assets — short-term liabilities
X = (2)
assets
net profit
Xy=—"— (3)
assets
operating profit
Xymm “)
assets
share capital
= T (5)

liabilities

X net revenue from sales
5 =

(6)

assets

The Altman Model, in the version presented above,
has been used to order (from the viewpoint of their
economic and financial condition) a group of 34 Polish
building companies listed in the Warsaw Securities
Exchange. The process of analysis is presented in Table
1 (the data reflect the condition of the companies as of
the end of 1999 [4]). The table also contains the final
ranking, based on the Altman Index value.

3. Application of the selected multi-criterion analy-
sis method in the assessment of the economic and

financial condition of construction companies
3.1. Selection of the method

In the analysed problem all the criteria in question
are of quantitative character. With respect to each cri-
terion, the difference in value for any given pair of
variants is crucial for the decision maker. In effect,
there is no modelling of preferences with regard to a
single criterion which, in turn, means that those are
true criteria. Moreover, what is important for the deci-
sion maker, is the “distances” occurring in the final
assessment between all the variants are compared.
Therefore, it has been assumed that the function ori-
ented model will best suit the needs of the decision
maker’s preferences modelling. This was a basis for
choosing the UTA method [5], which is applied to the
utility function. Within the method, the comparison of
variants and their final ranking boils down to compar-
ing the values attached to individual variants within the
framework of the function. The UTA method has been
qualified as one of the multi-criterion methods, where
compensation logic of aggregation is used in very small
extent, and where the final result is arrived at directly,
ie basing on the global model of preferences, without

using any additional procedures [6].

3.2. Description of the UTA method [5]

In the UTA method, it is the additive wutility func-
tion, which is a special case of a utility function that
constitutes the global model of preferences (GMP). The
form of the additive function can be recorded as follows:

U(g) =2 u;(gi), (7)
i=l1
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where n is the number of criteria, g, is the assessment
of an variant with regard to criterion i, and u/(g) is
the partial utility.

This function must reflect the decision maker’s
preferences. The UTA method is aimed at finding such
a function. The method consists of two phases: a phase
of disaggregation and a phase of aggregation. During
the disaggregation phase, the additive utility function is
constructed (in a normalised form). The decision
maker’s preferences regarding the selected variants,
which themselves become a reference set, constitute the
basis of this construction. Applying the preference re-
lation (P), and indifference relation (I), the decision
maker defines a complete pre-order on this set which
is a reflection of his preferences. Basing on the pre-
order which has been arrived at, the utility function
U(g) is also designed which will be in keeping with
the pre-order. The U(g) function, thanks to the
R=Pul relation, reflects the complete pre-order in
the set of admissible variants. The technique of design-
ing the utility function, which is based on complete
pre-order established by the decision maker on a set
(sample) of variants, is called ordinal regression. If such
a function exists, it can be applied with regard to the
whole set of variants and, consequently, arrived at the
final ranking of all variants. Using ordinal regression
helps to define the additive utility functions which have
the maximum concordance with the subjective ordering
introduced by the decision maker for the set of refer-
ential variants A’. An additional variable, 6(a)=0, is
introduced for every variant a being part of the refer-
ence set, which represents the estimation error when
the utility function is defined. The utility function re-
flecting complete pre-ordering on the set of referential
variants A’ takes the following form:

U'(a)= iu,-[gi(a)]+6(a) forallae A', (8)

i=l

where a is an variant from the set of referential vari-
ants, and A’ is a set of referential variants, while 7 is
a number of criteria describing the problem, u;[g;(a)]
represents partial uvtility of the a variant from the stand-
point of the i criterion, o(a) represents the estimation
error for the a variant.

The utility function which is searched for is ar-

rived at by solving a linear programming problem which

minimises the sum of estimation errors with regard to
individual variants.

The target function represented by the following
formula:

min F = ¥ o(a) )
ac 4’
and its limitations have been presented in [5] and [7].
As to the target function represented by formula (9),
the limitations are as follows:

* normalisation related to the additive function,

s describing the complete pre-order in the set of
referential variants, established by the decision maker,

= related to the assumption of monotone character
of preferences with respect to every criterion, and

= related to the requirements of non-negativity of
the decision variables.

The limitations listed above guarantee a match of
appropriate characteristics for an additive utility func-
tion, which is searched for. This function has the fol-
lowing qualities:

= it enables arriving at normalised utility values;

= it is concordant with the decision maker’s pref-
erences, defined on the set of referential variants;

= it assures the monotone character of the prefer-
ences with respect to every criterion;

= it contains a minimum utility estimation error
(itself being a sum of all errors).

It is assumed that function of partial utility is lin-
ear in intervals. If this is the case, the functions of
partial utilities, which are linear in intervals, must be
monotone in character and non-decreasing, and then o,
therefore a number of characteristic points (maximum
5) are given for each criterion. The values of assess-
ment in characteristic points for i-th criterion, the par-
tial utility for one criterion, and the values of utility
for a given variant can be described according to for-
mulae provided in [5], [7].

Due to the number of limitations and variables,
the dual problem is solved with relation to the prob-
lem presented above. As a result, the optimum func-
tion of utility U’(g) is arrived at (in the sense of a
minimum of the sum of errors) which constitutes a
numerical representation of R” relation. In order to
perform the assessment of concordance and utility of

U*(g) and R" relation which it has introduced (estab-
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lishing complete pre-order) with R relation (defined by
the decision maker) on the A’ set, Kendall’s coeffi-
cient T is used

The manner of calculation and application of the
index has been presented in [7]. The closer the coef-
ficient to 1, the better the concordance of the two pre-
orders. If the full concordance occurs between R* and
R relations, then t=1and when F'=0 (the sum of
estimation errors is equal to 0), it signifies that the
identified utility function exactly reflects the decision
maker’s preferences. In other words, it is in keeping
with the initial pre-order (the function is concordant
with the pre-order in the sense of Kendall’s concor-
dance criterion).

It is precisely such a situation that has been ap-
plied in “Prefcalc” [8] and [9], a software developed
and applied for the needs of the method which is being
discussed, and has been used to perform calculations
within the framework of the problem analysed in this
paper.

Regarding the utility function, which has been
arrived at, the values of partial utilities for particular
criteria have been presented (the process ends the dis-
aggregation phase). During the aggregation phase, the
decision maker can modify partial utilities values by
way of changing their optimums, or at the intermediate
points, and changing the number of intervals describ-

ing a given partial utility.

3.3. Information used in UTA method and included

in the “Prefcalc” software

In the framework of co-operation with the
“Prefcalc” software, having identified a family of cri-
teria describing a given problem, and having selected
a set of variants which should be assessed, the deci-
sion maker does the following:

= defines maximum and minimum of the border-
lines of values which individual criteria may take;

= with regard to individual criteria, the decision
maker gives the number of linear intervals which would
characterise the functions of partial utilities for those
criteria;

s selects a set of referential variants from all
variants assumed to be the basis for the multi-criterion
assessment;

= makes the assessment of individual variants taken

from the set of referential variants (put into a subjec-
tive order by means of the relation of R =PUJ . which
would constitute a base for establishing a complete pre-
order within the set of those variants). The assessment
can be carried out according to rank (1,2,3, etc.), or
according to a ranking scale (the range of values of
assessments from 0,01 to 1,00), retaining the possibility
of accepting an ideal and an anti-ideal variant, or — on
the other hand — the possibility of rejecting either of
those variants. The ideal variant contains the best rat-
ings for individual criteria, whereas the anti-ideal vari-
ant contains the worst ratings for individual criteria,
taking all variants into consideration;

= the decision maker can modify the functions of
partial utilities for individual criteria (arrived at during
the phase of disaggregation) or all previously provided
information, or — on the other hand — accept the partial
utilities within reach and use the utility function which
has been arrived at with respect to the set of all vari-
ants (aggregation phase). Applying the function with
respect to the whole set of variants makes it possible
to arrive at the final ranking of variants according to
the decreasing values of total utility defined for each

variant.

4. Results of the calculations

Within the framework of the analysed problem, the
Altman Model indices constitute the criteria of evalua-
tion, while construction companies become the set of
variants. It has been assumed that attaching ranks val-
ued at 1, 2, 3, ..., k, to individual companies, where k
signifies a number of variants, will be the basis of the
assessment. The ideal and anti-ideal variants have been
incorporated in the assessment. Moreover, it has been
assumed that:

= all criteria would be taken into consideration (X,
indices),

= the functions of partial utilities (for individual
indices) will be described by one interval with constant
inclination,

= the ranges of variability of values for the ac-
cepted criteria will not be altered and, in effect, all
variants will be included in the analysis, while mini-
mum and maximum values will be accepted in the
calculations on the basis of minimum and maximum

values of criteria.
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Following a number of attempts, the decision maker
has defined a set of referential variants and assessed
them, attaching ranks to those variants (taking into
account all the criteria). Eventually, the set of variants
included in the assessment consists of 12 construction
companies, and the ideal and anti-ideal variants (re-
flecting the best and the worst performing company
among all taken into consideration). The order in which
this sample of variants took has been presented below,
as well as the values of ranks attached to individual

companies-variants is as follows:

1. Ideal (1)
2. Hydrobudowa Slask (2)
3. Projprzem 3)
4. Instal Krakow C))
5. GPRD (5)
6. Elektromontaz — Warszawa (6)
7. Energopol Poludnie (N
8. Prochem ®)
9. Pekabex %)
10. Budimex (10)
11. Exbud (11)
12. Beton Stal (12)
13.  Espebepe (13)
14. Anty-ideal (14)

Basing on the calculations performed by means of
the ,,Prefcalc” software, the accepted ordering of vari-
ants turned out to be concordant with at least one utility
function. As a result of a suggestion put forward by
the software regarding a definite utility function, the
partial utilities values were arrived at with regard to
individual criteria. The partial utilities values change in
a linear mode within the whole range of variability of
values. For the smallest value they are equal to 0 for
each criterion, and with regard to the largest value,
they are as follows:

— for criterion 1: 0,19 (for the maximum value = 0,63);
— for criterion 2: 0,08 (for the maximum value = 0,13);
— for criterion 3: 0,24 (for the maximum value = 0,21);
— for criterion 4: 0,18 (for the maximum value = 2,48);
— for criterion 5: 0,31 (for the maximum value = 2,68).

Applying the additive utility function for partial
utilities assumed to be and approved of as what they
are, made it possible to define the value of this func-
tion for each of all analysed building companies, and

to arrive at the final ranking of the companies, starting

from the best performing one, to the worst performing
one. The positions and the values of utility function
with regard to all companies have been presented in
Table 2.

Table 2. The final ranking of construction companies arrived
at as the result of application of the UTA method

‘Position ht?ld Construction company Value ofAutility
in the ranking function
1 Ideal 1.00
2 Mostostal-Plock 0.77
3 *Hydrobudowa Slask 0.76
4 Budopol Wroclaw 0.73
5 *Projprzem 0.69
6 Elektrobudowa 0.68
7 KPBP BICK 0.66
8 *Instal Krakow 0.64
9 Instal Lublin 0,62
10 *GPRD 0,60
11 Mitex 0,59
12 Hydrobudowa Gdansk 0,58
13 *Elektromontaz-Warszawa 0,57
14 *Energopol Poludnie 0,53
15 Mostostal-Gdansk 0,51
15 Energomontaz-Poludnie 0,51
17 Energomontaz-Polnoc 0,50
17 Pemug 0,50
17 *Prochem 0,50
20 Polnord 0,49
21 Mostostal-Krakow 0,46
21 PIA Piasecki 0,46
21 Mostostal-Zabrze 0,46
24 Mostatostal-Warszawa 0,44
24 *Pekabex 0,44
26 Naftobudowa 0,42
27 *Budimex 0,39
28 Energoaparatura 0.38
29 Mostostal-Export 0,36
30 *Exbud 0,35
31 Echo Investment 0,32
32 *Beton Stal 0,31
33 Euro Bud Inwest 0,29
34 Elektromontaz-Export 0,27
35 *Espebepe 0,25
36 Anty-ideal 0,00

*signifies the companies selected by the decision maker which
constitute a set of referential variants whose order in the final
ranking is the same as in the ordering assumed by the deci-
sion maker.
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The final ranking of all construction companies
with respect to the assessment of their economic and
financial condition which is presented in Table 2 has
been judged as the most credible. It is also quite close
(nearly identical) to the final result arrived at using the
synthetic Altman Index (see section 2, Table 1).

It must be mentioned that both the modifications
of values of individual partial utility functions, and the
changes in the number of companies and accepting other
companies into the set of referential variants, resulted
in arriving at final rankings of all assessed companies,
which were radically different from the ranking pre-
sented in Table 2 and from the results arrived at bas-

ing on Altman’s synthetic index.

5. Conclusions

As a result of the development of institutions and
mechanisms of market economy, the demand for analy-
ses and assessments of economic and financial condi-
tion of companies grows rapidly. Therefore, simplified
methods of assessment become attractive tools, which
enable undertaking economic decisions.

A comparison of results arrived at after the appli-
cation of both methods validates the statement that
multi-criterion analysis methods may be useful in as-
sessing economic and financial condition of companies
and organisations. Moreover, those methods make room,
in every individual case, for taking the decision maker’s
preferences into account. Therefore, the fact that the
procedure described in section | is appropriate, has been

confirmed.
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EKONOMINIS IR FINANSINIS PASIRINKTU STATY-
BOS KOMPANIJU LENKIJOJE DAUGIAKRITERINIS
IVERTINIMAS

W. Meszek, T. Thiel

Santrauka

Pateikti du statybos kompaniju Lenkijoje jvertinimo
metodai. Taikant pirmaji metoda naudojamas kompleksinis
Altmano indeksas. Pasirinktoms kompanijoms buvo nustatyta
§io indekso reik§mé. Vertinant antruoju metodu, pasitlytu
autoriaus, pritaikyta naudingumo funkcija (metodas UTA). Sis
metodas yra vienas i§ daugiakriteriniy analizés metody.

Aprasomas UTA metodas, pradiné informacija ir duomeny
bazé, panaudota Prefcalc programiniam apriipinimui. Pateikti
programos skai¢iavimo rezultatai. Jie palyginti naudojant
statybos kompanijy rangavimo abiem metodais reik$mes.
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