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Abstract

One of the relevant priorities of the Strategic Plan for Development of Bulgarian Forest Sector 2014-2023 is to in-
crease 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 statisti-
cal 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 oper-
ating in it. Quantifying the competitiveness of the
latter allows scientifically sound business decisions
by means of which competitiveness at the enter-
prise level will be increased and through it the com-
petitiveness at sector level. There are different
methods for estimation of company’s competitive-
ness, but no one is generally accepted. The main
disadvantages of most of them are the lack of com-
plexity in the assessment and the inability to
achieve general assessment standardized within
certain limits [11]. These shortcomings are ex-
pected to be overcome through the use of multidi-
mensional 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 (GCIl) and World
Competitiveness Yearbook (WCY) index [7]. Con-
cerning this the goal of current article is to compare
two classical multidimensional statistical methods —
factor analysis and linear ordering in multidimen-
sional space as possible approaches for quantifica-
tion of competitiveness of forestry company.

1. Factor analysis
The analytical model of factor analysis is pre-
sented through formula (1) [4].
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where
z; are the standardized value of the j" indica-
tor/variable at the i-th forestry company (see for-
mula (6)).
Fiqq — the values of the common factors;
m — the number of the common factors;
p — the number of initial variables;
n — the number of observations;
by — factor loading — it is the coefficient of cor-
relation between the j'th initial indicator/variable
and g™ factor;
ejj) — unique factors, which present the unique

part in each initial variable.

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

ficient of determination, which measures the varia-
tion of the j'th variable/indicator explained with the
q™ factor influence. The sum of the squares of fac-
tor loadings is known as communality (see formula
(2)). It presents the contribution of each vari-
able/indicator towards all factors formation in the
factor’'s scheme [4].
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The extraction of factors is done by the method
of principal component analysis (PCA) and unit
criterion of Kaiser. According to it, as factors have
to be extracted only these main components with
eigenvalues higher than 1. The eigenvalue meas-
ures the proportion of variance in the variables
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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 per-
mits ease of interpretation. In this relation it should
be noted that ‘in reality researchers often use more
than one extraction and rotation technique based
on pragmatic rather than theoretical reasoning [15].
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where |, is the eigenvalue of the g™ 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 am-
biguous) the factors scores can be calculated. They
are the latent scores for each subject from the rep-
resentative sample on each factor, i.e. each unit
from the sample has an individual factor score on
each factor. For factors score computation the ma-
trix is applied, in which common factors are de-
pendent variables and the initial variables are inde-
pendent (see formula 4) [4]. The values of factors
scores range are from approximately -3.0 to +3.0
[1].
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where
ﬁ(q) is the factor score of i" subject from the

sample on q™ factor;

fqy) — factor score coefficients. They are analo-
gous to beta weights in the regression equation.
There are different methods for factor score co-
efficients 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 applica-
tion the same factor score coefficients are ob-
tained regardless of the method used [4].

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

m
ltee = ZFqu ()
q=1

where
ltc is the index of forestry company competitive-
ness;
w, — the weight of q'th factor. It is established as
the eigenvalue of the q'th factor (explained vari-

ly

s

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 establish-
ment of location of the compared forestry compa-
nies 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 com-
pany. As this indicators are expressed in various
measuring units (currency, ha, m?, etc.) their ag-
gregation requires to be transformed from named to
unnamed values. For this purpose the classic stan-
dardization formula is applied [8, 12, 14].
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zy=—"—" (6)

Oj

ance) is divided by total variance [

where
z; is the standardized value of the | indicator at
the i™" forestry company;
x; is the value of the j" indicator at the i" for-
estry company;
o; — standard deviation of the j" indicator.

Linear ordering is done on the basis of the stan-
dardized values of the indicators and the coordi-
nates 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 stimulat-
ing indicators are taken at their maximum values
and the suppressing indicators are taken at their
minimum values [8, 12, 14].

Kie = \IZ(ZU —Zgj )2 (7)

where
kie is the Euclidean distance between the com-
petitiveness of the i™ forestry company and the
pattern point;
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z; — the standardized value of the j'th indicator of
the competitiveness of the i forestrX company;
Z. — the standardized value of the j’t indicator at
the pattern point.

The quantitative estimation (multivariate indica-
tor) of the level of competitiveness of the i forestry
company is determined through formula (8):

K =1t (®)
e
where

Ki is the multivariate indicator (index of forestry

company competitiveness (lic)) of the level of

competitiveness of the i™" forestry company;

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

3. Application of factor analysis and linear or-
dering 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 (Y41, Y2, Y3, Y4, 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

Forestry company Y1 Y2 Ys Ya Ys Ye
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 point 2.549 2.604 3.062 2.964 3.076 2.841

The results from factor analysis and linear order-
ing in multidimensional space application are pre-
sented 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
ltec for company H and company G calculated by
means of both methods.

Table 2. Index of forestry company competitiveness (lsc)

Factor analysis Linear ordering in multidimensional space
Ne Forestry com- Index of forestry company Forestry com- Index of fore_sjcry company
. competitiveness
pany competitiveness (lscc) pany (heo)
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 I 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
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(continued)

12 B -0.868 B 0.242
13 C -0.973 C 0.220
14 D -1.179 D 0.175
Conclusion 6. Milchev, G. GIS in the strategy for sustainable man-
The comparison of both methods — factor analy- age_ment of'ent.e.rprises. Proceedings the 17th Inter-
sis and linear ordering in multidimensional space national Scientific Conference on Management and
gives grounds for the statement that both methods g’r’g’”eer’”g 17. issue 2. 2017. §47-653. (in Bulgar-
are reliable instruments for assessment of cpmpetl— 7. Milchev, R., Milchev, G. ICT in the process offorma-
tl\{eness of fqrestry_cor_npa!'ly as the ordering ob- tion and development of convergence technologies.
tained by their application is nearly the same. By Journal of Science, Engineering & Education. vol. 3
the way the factor analysis is more selective to issue 1. 2018. 54-62.
changes in the values of the used indicators. Here 8. Mishev, G. Quantification of multidimensional indica-
should be underlined that the application of factor tors. Scientific Collection of UNWE. 3. 1992. 3-31.
analysis has to be compliant with some conditions. (in Bulgarian)
Firstly, the recommended number of observa- 9. Neykov, N., Kitchoukov, E., Antov, P., Savov, V.
tions is at least 50 Efficiency analysis of the Bulgarian forestry and for-
. ) . . t-based industry: a dea approach. CBU Interna-
Secondly, in factor analysis are included corre- s . ;
lating variagles If a variabI);, is not correlated with ?Onal Confe,r ence Proceed? %s on Intemj t,?c?al Con-
: erence on Innovations and Science an ucation.
the others it must be excluded from factor analysis. March 20-22. Prague. Vol. 7. 2019. 228-235.
Thirdly, a measure of whether values distribution 10. Organisation for Economic Co-operation and Devel-
is adequate for factor analysis realization has be opment. Handbook on Constructing Composite Indi-
done through Kaiser-Mayer-Olkin (KMO) coefficient cators, Methoqology and User Guide. Joint Re-
for sample adequacy and Bartlett Test of Sphericity search Centre in Ispra. France. 2008.
11. Popova, |., Zinzova, M. Methodology for Determining
[2, 4].
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MHOIMOMEPHU CTATUCTUYECKU METOOU 3A USYHABAHE
HA KOHKYPEHTOCINMOCOBHOCTTA HA TOPCKOCTOINAHCKOTO MNPEAMNPUATUE

KoHcTtaHTUH Kones
NecoTtexHnuyecku yHuBepcuteT, Cochusn

Pestome

KBaHTudpmumpaHeto Ha KOHKyDEHTOCI'IOCOGHOCTTa Ha CTonaHCKuTe Cy6€KTVI, beHKLI,VIOHVIpaLIJM B NOPCKOTO CTOMAHCT-
BO No3BosidBa Aa ce B3emMaT Hay4dyHO 060CHOCHOBaHM ynpaBlieHCKN pelleHnd, Ype3 KOUTO Aa Cce NOBULLIN KOHKYPEHTOC-
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NOCOGHOCTTa Ha paBHULLE MPEANPUSTUE, KOETO LLie CMOMOrHe M 3a NOBULIABaHE Ha KOHKYPEHTOCNOCOBGHOCTTa Ha paB-
HULLe cekTop. B Tasu Bpb3ka LenTa Ha HacTosiaTta cTaTusl e ja Ce CPaBHST ABa MHOTOMEpPHU CTaTUCTUYECKU MeToaa —
chakTOopeH aHanm3 u NMMHeNHo noapexaaHe B MHOrOMEPHOTO NPOCTPAHCTBO, KAaTO Bb3MOXHU UHCTPYMEHTHU 32 U3BMMYaHe
Ha KONMYecTBeHa OLleHKa Ha KOHKYPEHTOCMOCOBHOCTTa Ha rOPCKOCTONAHCKOTO NpeanpusiTue.

KniouyoBu aymm: KOHKYpEeHTOCMOCOOHOCT, hakTopeH aHanu3, IMHENHO NOoApeXaaHe B MHOTOMEPHOTO MPOCTPaHCT-
BO, FOPCKO CTOMAaHCTBO.



