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Abstract

One of the relevant priorities of the Strategic Plan for Development of Bulgarian Forest Sector 2014-2023 is to
increase the competitiveness of the forest sector as a basis for a better standard of living, especially in the mountainous
and rural regions of the country [5]. Quantifying the competitiveness of business entities in forestry allows scientifically
sound business decisions by means of which competitiveness at the enterprise level will be increased and through it the
competitiveness at sector level also. In this regard, the purpose of this article is to compare two multidimensional
statistical methods — factor analysis and linear ordering in multidimensional space as possible approaches for

quantification of competitiveness of forestry company.
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Introduction

Increasing the competitiveness of forestry is
precondition for better standard of living especially
in mountainous and rural regions of Bulgaria [5].
The competitiveness of the sector is derived from
the competitiveness of the economic entities
operating in it. Quantifying the competitiveness of
the latter allows scientifically sound business
decisions by means of which competitiveness at the
enterprise level will be increased and through it the
competitiveness at sector level. There are different
methods for estimation of company’s
competitiveness, but no one is generally accepted.
The main disadvantages of most of them are the
lack of complexity in the assessment and the
inability to  achieve general assessment
standardized within certain limits [11]. These
shortcomings are expected to be overcome through
the use of multidimensional statistical methods,
which are applied by the World Economic Forum
(WEF) and the Institute for Management
Development (IMD) in the process of elaboration of
the two globally recognized indices for assessing

national competitiveness and namely Global
Competitiveness  Index (GCI) and World
Competitiveness Yearbook (WCY) index [7].

Concerning this the goal of current article is to
compare two classical multidimensional statistical
methods — factor analysis and linear ordering in
multidimensional space as possible approaches for

qguantification of competitiveness of forestry
company.
1. Factor analysis

The analytical model of factor analysis is
presented through formula (1) [4]:

Ziy = bRy 0 Ry o+ By Fin 81

Zip) = b2(1) R+ bz(z) F,+..+ bZ(m) Fm + €2 1)

Zipy = bp(l)Fil + bp(Z)Fi2 +. by B + €ip)

p(m) " i
where zjj are the standardized value of the j-th
indicator/variable at the i-th forestry company (see
formula (6)).

Fi@) — the values of the common factors;

m — the number of the common factors;

p — the number of initial variables;

n — the number of observations;

big — factor loading. It is the coefficient of
correlation between the j-th initial indicator/variable
and g-th factor;

eij) — unique factors, which present the unique part
in each initial variable.

The square of the factor loading (bjz(q)) is a

coefficient of determination, which measures the
variation of the j-th variable/indicator explained with
the g-th factor influence. The sum of the squares of
factor loadings is known as communality (see
formula (2)). It presents the contribution of each
variable/indicator towards all factors formation in
the factor’'s scheme [4].

b* = bjy j=1...p e
g=1

The extraction of factors is done by the
method of principal component analysis (PCA) and
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unit criterion of Kaiser. According to it, as factors
have to be extracted only these main components
with eigenvalues higher than 1. The eigenvalue
measures the proportion of variance in the
variables explained by the respective factor. The
eigenvalue is computed by means of formula (3) [2,
4]. In this paper the PCA is accepted as it extracts
maximum variance from the data set with each
component and in this way reduce a large number
of variables into a smaller number of components
[15] and permits ease of interpretation. In this
relation it should be noted that f‘in reality
researchers often use more than one extraction and
rotation technique based on pragmatic rather than
theoretical reasoning [15].

P
Iq:Z;bf(q), j=1...p (3)
j=

where lq is the eigenvalue of the g-th factor.

After the extraction of factors and their
rotation, if it is necessary (the rotation is necessary
for better interpretation when the unrotated factors
are ambiguous) the factors scores can be
calculated. They are the latent scores for each
subject from the representative sample on each
factor, i.e. each unit from the sample has an
individual factor score on each factor. For factors
score computation the matrix is applied, in which
common factors are dependent variables and the
initial variables are independent (see formula 4) [4].

The values of factors scores range from
approximately -3.0 to +3.0 [1].
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where lfi(q) is the factor score of i-th subject from

the sample on g-th factor;

fqq) — factor score coefficients. They are analogous
to beta weights in the regression equation. There
are different methods for factor score coefficients
computation — regression method, Bartlett method
and Anderson-Rubin method [1]. In this paper there
is no matter which methods of the mentioned above
will be used as when the factors are extracted
through PCA application the same factor score
coefficients are obtained regardless of the method
used [4].

After the factor scores are established, the
index of forestry company competitiveness (lic)
may be computed. It is done through linear
aggregation of the factor scores on different factors
extracted, weighted with weights determined by
factor analysis [3, 10].

I = Z A (5)

where lc is the index of forestry company
competitiveness;

wq — the weight of g-th factor. It is established as
the eigenvalue of the g-th factor (explained
variance) is divided by total variance (lg/3 lq).

2. Linear ordering in multidimensional
space

Linear ordering in regard to complex indicator
competitiveness is done on the basis of point-
pattern in multidimensional  space  and
establishment of location of the compared forestry
companies towards this point. This is used to
calculate multidimensional indicators normalized
within boundaries from 0 to 1. Linear ordering
should be applied on the basis of accepted
indicators which characterize the competitiveness
of forestry company. As this indicators are
expressed in various measuring units (currency, ha,
ms3, etc.) their aggregation requires to be
transformed from named to unnamed values. For
this purpose the classic standardization formula is
applied [8, 12, 14]:

y R M & (6)

where zj is the standardized value of the j-th
indicator at the i-th forestry company;

Xij is the value of the j-th indicator at the i-th forestry
company;

oj — standard deviation of the j-th indicator.

Linear ordering is done on the basis of the
standardized values of the indicators and the
coordinates of the pattern point in m-dimensional
space. Such are the extreme values of the
standardized indicators. They are categorized as
stimulators and suppressors. As regards the
former, the higher value is related to the increase of
the quantitative assessment of the level of the
multivariate indicator (competitiveness), while
regarding the latter, it is related to its decrease. In
formula (7) the stimulating indicators are taken at
their maximum values and the suppressing
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indicators are taken at their minimum values [8, 12,
14].

kie = \/Z(Zij —Z )2 (7)

where kie is the Euclidean distance between the
competitiveness of the i-th forestry company and
the pattern point;

zij — the standardized value of the j-th indicator of
the competitiveness of the i-th forestry company;

Zej — the standardized value of the j-th indicator at
the pattern point.

The quantitative estimation (multivariate
indicator) of the level of competitiveness of the i-th
forestry company is determined through formula

(8):

A ®)

where Ki is the multivariate indicator (index of
forestry company competitiveness (lxc)) of the level
of competitiveness of the i-th forestry company;

ke — sum of the mean value of the Euclidean
distances determined through formula (7) and their
doubled standard deviation.

3. Application of factor analysis and
linear ordering in multidimensional space

The sensitivity of both methods — factor
analysis and linear ordering in multidimensional
space is compared on the basis of standardized
values of six indicators (Y1, Y2, Y3, Ya, Y5, Ys)
characterizing competitiveness of 14 forestry
companies. The standardized values of indicators
are presented in table 1.

Table 1. Standardized values of indicators
characterizing competitiveness

The results from factor analysis and linear
ordering in multidimensional space application are
presented in table 2. From it is clear that both
methods permit nearly the same ordering in
multidimensional space, which means that both
methods are relevant for quantitative assessment of
forestry company competitiveness. At the same
time it should be underlined that the factor analysis
is more selective to changes in the values of the
used indicators than the method of linear ordering
in multidimensional space. This statement is
obvious from the values of l«c for company H and
company G calculated by means of both methods.

Table 2. Index of forestry company
competitiveness (licc)

Forestry Y1 Y2 Y3 Ya Ys Ys
company
A -0.168 -0.509 -0.159 -0.470 -0.090 0.942
B -0.828 -0.529 -0.785 -0.866 -0.925 -1.245
C -1.006 -0.689 -1.087 -1.094 -0.860 -1.153
D -1.136 -0.936 -1.606 -1.392 -0.948 -1.337
E -0.068 -0.668 -0.643 -0.642 -0.317 -0.622
F 0.949 1.724 1.393 2.037 1.426 2.841
G 1.719 1.084 1.741 1.651 0.225 1.111
H 2.549 0.360 3.062 2.964 0.524 0.626
| -0.020 0.324 0.254 -0.198 0.319 -0.567
J -0.615 -0.405 -1.377 -0.692 -0.409 -0.036
K -0.397 -0.165 0.181 -0.318 -0.577 -1.053
L -0.601 -0.753 -0.955 -0.899 -0.521 -0.974
M -0.902 -0.832 -1.092 -1.057 -0.853 0.066
N 0.844 2.604 2.202 1.522 3.076 1.988
Coordinates of
the pattern 2.549 2.604 3.062 2.964 3.076 2.841
point

. Linear ordering in
Factor analysis . ¢
multidimensional space
Ne Index of forestry Index of forestry
" Forestry company Forestry company

company competitiveness company competitiveness
(lec) ()
1 N 2.207 N 0.836
2 F 1.778 F 0.785
3 H 1.474 G 0.682
4 G 1.227 H 0.680
5 | 0.007 | 0.443
6 A -0.177 A 0.400
7 K -0.268 E 0.340
8 E -0.396 K 0.335
9 J -0.544 J 0.318
10 M -0.786 L 0.265
11 L -0.802 M 0.255
12 B -0.868 B 0.242
13 C -0.973 C 0.220
14 D -1.179 D 0.175

Conclusion

The comparison of both methods - factor
analysis and linear ordering in multidimensional
space gives grounds for the statement that both
methods are reliable instruments for assessment of
competitiveness of forestry company as the
ordering obtained by their application is nearly the
same. By the way the factor analysis is more
selective to changes in the values of the used
indicators. Here should be underlined that the
application of factor analysis has to be compliant
with some conditions: Firstly, the recommended
number of observations is at least 50; Secondly, in
factor analysis are included correlating variables. If
a variable is not correlated with the others it must
be excluded from factor analysis; Thirdly, a
measure of whether values distribution is adequate
for factor analysis realization has be done through
Kaiser-Mayer-Olkin (KMO) coefficient for sample
adequacy and Bartlett Test of Sphericity [2, 4].
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MHOIOMEPHU CTATUCTUYECKU METOOUN 3A USYHABAHE HA
KOHKYPEHTOCMOCOBHOCTTA HA TOPCKOCTOINAHCKOTO NPEANPUATUE

KoHctaHTuH Kones
INecoTtexHunyeckn yHuBepcuteTt, Codma, Bbnrapus

AGcTpakT

KBaHTUMUMpaAHETO Ha KOHKYPEHTOCMOCOBHOCTTA Ha CTOMaHCckuTe CyGekTW, (YHKUMOHMpALM B TFOPCKOTO
CTONaHCTBO MO3BOMsIBa Ja Ce B3emaT Hay4yHO OBOCHOCHOBaHW YMPAaBMEHCKU PEeLUeHUsi, Ype3 KOWUTO Aa Ce MNOBULLM
KOHKYPEHTOCMOCOGHOCTTa Ha  paBHUWE Npeanpusitve, KOeTo LWe CNoOMOrHe UM 3a  MoBWWAaBaHe Ha
KOHKYPEeHTOCMOCOGHOCTTa Ha paBHULLE cekTop. B Tasu Bpb3ka LenTa Ha HacTosuiata cTaTus e [a ce CpaBHAT ABa
MHOFOMEPHU CTaTUCTUYECKN MeToaa — (hakTOPEH aHanu3 1 NMMHeNHoO noapexaaHe B MHOrOMEPHOTO NPOCTPAHCTBO, KaTo
Bb3MOXHU MHCTPYMEHTU 3a U3BMMYaHE Ha KONMMYECTBEHA OLEHKA Ha KOHKYPEHTOCMOCOGHOCTTA Ha ropCKOCTOMaHCKOTO
npeanpusTue.

Key words: KOHKYPEHTOCMOCOGHOCT, (haKTOpeH aHanus, NMHEMHO NoApexhaHe B MHOrOMEPHOTO MPOCTPaHCTBO,
rOPCKO CTOMAHCTBO.
JEL: C40, C43.
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