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Abstract: The SMEs in Romania, which remained reliable after the economic crisis, had a
better dynamic of business development in relation to large and very large companies. The
increase of the fiscal value of these companies has improved every year, leading to
spectacular results in certain fields of activity, particularly services, trade and IT. After the
economic crisis, the SMEs from the Western region had a dynamic business market,
outstripping all other regions of economic development. The result was the increase in the
number of SMEs and the number of jobs in this region. In this article, we propose a
mathematical model based on multivariate analysis, specifically on cluster analysis, in order
to analyse the economic activities of SMEs in the Western development region. Cluster
analysis is a multivariate analysis method that includes algorithms able to identify and
group efficiently and descriptively a similar group in terms of certain common properties,
in a lot of time objects.

The purpose of this paper is the analysis of the economic efficiency of SMEs’ activities in
the Western area of Romania and the extraction of activities through modeling in order to
maximise the efficiency of the companies in the future.

Key words: SME development, efficiency, multivariate analysis, cluster analysis
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1. Introduction

The business environment in Romania, adapted more and more to the competitive
requirements of the legislation of the European Union (EU), has evolved in the last
25 years, from 98% large and very large enterprises in 1990 to 99% micro small
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and medium enterprises (SMEs) in 2014. Horizontal economic relations between
small and medium enterprises and vertically between SMEs and large enterprises
have generated a dynamic and competitive business environment, which has
resulted in the steady growth of the number of SMEs, increasing fiscal value and
economic efficiency (CNIPMMR, 2011).

There are numerous studies showing that increasing the efficiency of large and
very large companies is based on modern knowledge management systems, on
innovation and intensive collaboration with SMEs. Studies in recent years, Gordon
and McCann, (2005), Gunasekaran and Ngai, (2007), Andreas Heck et al, (2012),
Anyadike-Danes et al., (2015), Ciucan-Rusu et al. (2013), show that SMEs have a
crucial role, both in developing the economic efficiency of large and very large
enterprises and in economic development in the world, EU and Romania. Research
concerning the efficiency of SMEs, by applying new technology, knowledge and
innovation, Ciucan-Rusu et al. (2013), Lukacs, E (2005), Bonifacio Garcia Porras
(2014), Patrice Muller at al. (2015), Man, M., and Macris, M. (2013), Bianchi, M.
at al. shows that knowledge management is almost unused in European SMEs,
Romanian SMEs and beyond and where it is applied, it is sporadic and
inhomogeneous (Neagu, 2016), (Mot 2014).

According to the National Statistics Institute (NSI), in 2014, the SME sector in
Romania, in general, and in the Western development area, in particular, was
dominated by very small enterprises (less than 9 employees) and small ones, so by
very small and small companies in more than 99%. The financial and economic
efficiency of very small companies is usually low because of the reduced
development prospects, due to the following factors: fewer opportunities to access
funds to enable them to develop (Patrice Muller at al., 2015), the lack of strategies
for effective management of knowledge, little interest for innovation and
development of marketing strategies for market expansion of the products they
manufacture or sell, little interest for continuous training of staff and directors, lack
of interest or fear of financial reimbursable loans (Bianchi,M at al., 2010).

Western region, mainly Timis and Arad counties, faces a faster social-economic
efficiency of SMEs due to investment of German and Austrian companies, leading
to fall of unemployment and increased profit. The main problems that the SMEs
from the western part of Romania have to face, in addition to the national situation,
based on the survey results, are: low demand, the quality of SMEs commercial
offer, lack of funding (or funding cumbersome, high costs of financing activity),
high taxation, lack of economic efficiency (due to micro size of the majority of
SMEs in the region), the debts accumulated during the crisis, etc. (Popa, L., 2013).
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A future studies of economic and financial efficiency of SMEs in the Western
development area will contribute to finding measures for streamlining the activities
which best fit the area's development. The objectives of our study are:

- Clustering, through mathematical methods, of the relevant activities from
both financial and economic point of view, for each county in the Western
part of Romania;

- The analysis of the relevant groups that have resulted from using the
cluster analysis;

- Remodelling of both the financial and economic strategies to emphasise
the economic activities, without going bankrupt.

2. The analysis of SMEs in the EU, Romania and Western development region
after the economic crisis (2008-2010)

SMEs are made up of micro, small and medium enterprises with different
characteristics (Table 1).

Table 1. SMEs’ Characteristics

Company type Number of staff Fiscal value
micro enterprise 0-9 <2 million €
small business 10-49 < 10 million €
medium enterprise 50-249 < 50 million €

Source: own calculations based on http://www.aippimm.ro/articol/imm/legislatie-
imm/definitie-imm

Currently, it is estimated that the SME sector in the EU has the fastest growth and
it represents the basis of national economy of the component countries. The entire
SME sector is considered to be the engine of national economies and it is the
subject of numerous specialized studies, Isarescu, M. (2011), Katz, J., Green, R.
(2009), Popa, L. (2013), Bostan, 1. (2014). The approaches to evolution and
expansion of the SME became important for the study and research of the effects
upon the development perspective, efficient use of resources, especially local ones,
the continuous attraction and specialization of labour, especially the young branch,
etc. [30]. From the data published by Eurostat [Eurostat regional yearbook 2011-
2015] one can deduce that in 2015, 99.7% of the EU enterprises are SMEs and
99% of these are represented by micro-enterprises [28].

In addition, about 70% of the employed population works in SMEs. The number of
SMEs in the EU in 2015 was approximately 22 million, compared to 2008 —the
year when the economic crisis in the EU began. There were
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approximately 21.500.000 SMEs companies (Eurostat Statistical Atlas 2011-
2015). The increase in the number of SMEs in 2015, reported to the beginning of
the economic crisis, is 2.33% [29].

However, the largest increase in the number of SMEs in Europe occurred in 2011,
which represented a year of economic "boom" after the crisis of industrialized
countries in the EU. Thus, in 2011 the number of SMEs in the EU was about
22.128 million [Eurostat Statistical Atlas 2011-2015], representing an increase of
2.92% compared to 2008. It shows a decrease of 0.59% in the number of SMEs in
EU in 2014 compared to 2011. In terms of working population in the SMEs in EU,
it represents in 2015, approximately 91 million, while in 2008, the year of the
economic crisis, there were about 92 million employees in SMEs, representing a
decrease of 1.09% of the population engaged in SMEs firms. Analysing the facts,
there is a continuous decline in employment in European SMEs by 2013, followed
by continuous increases in 2014 with the clear upward trend in 2015. Examining
the growth trend for 2015 in comparison with 2013 there is an apparent increase of
0.85%.

In Romania the importance of SMEs for job creation and rapid development sector
is essential. SMEs in Romania now represent 98.6% of existing businesses in the
country, which means that at the end of 2014 there were 492.000 companies. About
85% of the activity of Romanian SMEs focuses on the following sectors: trade, IT
services, professional activities, technical and scientific construction industry. In
Romania, SMEs absorbed in 2014, 70% of the working population (according to
the White Chart of SMEs in Romania, 2015). The number of micro companies,
below 9 workers, remains unchanged in the studied period. Annually, the number
of new SMEs increases in absolute size. Researching the increasing number of
SMEs created between 2011- 2014, we can see that, compared to 2008, the
percentage increased by 33.2%, at the end of 2014.

Regarding the number of SMEs by type of activities, from the statistical data, we
can notice a slight constant growth in all sectors surveyed. Based on NSI data, the
changes in the number of SMEs in Romania, between 2011 and 2014, are shown in
Table 2. Based on data from the White Chart of SMEs in Romania in 2011-2015,
there is a growth in income for micro enterprises, which quickly recovers the loss
during the crisis.

The fiscal value of SMEs in Romania has a constant positive trend during the
studied period, the highest growth rates being in trade, manufacturing, IT as
evidenced by the National Statistics Institute (NSI) report for 2016. The fiscal
value of fast growing companies and gazelle companies is significant in the studied
period, but their number decreases over this period, from approximately 2% of the
total number of companies to approximately 1% .On the whole, we conclude that
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SMESs in Romania had a positive development between 2011 and 2014, with a
relatively spectacular comeback in 2015.

Table 2. Comparison between the numbers of SMEs in the West region,
by sectors of activit

Sector 2011 2014 2014/2011
Trade activities 213105 | 214568 100.69%
IT and professional activities 68 875 78653 114.20%
Construction 64 212 62 955 98.04%
Transport and storage 43945 55678 126.70%
Industry 55432 56 733 102.35%
Services 38 673 42 800 110.67%

Source: Powered by the author’s based on NSI, 2011-2014 analysis

Although during the economic crisis of the years 2008-2010, the situation of SMEs
in the Western area was poor - their number as well as their fiscal value dropped
significantly in comparison with 2007. Since 2011 there has been a revival of SME
sector development in this area.

This conclusion results from dynamic employment growth in this area of
development, being the best one in the country. After processing the data from
SME Charter 2015 it is obvious that between 2011 and 2014 the number of jobs in
the Western region increased by about 31.450. Evolution of jobs in 2014 compared
to 2011 is 22.6%. Also, by processing NSI data, due to increasing competition in
the labour market, but also in the competence of employees, we notice that the
average wages in SMEs in the Western Region is over 2000 lei in 2014.

The reasons of the rapid development of SMEs in the Western development area
are:

- growth in demand, due to fiscal easing;

- extension of the minimum wages and all income of household consumption, after
2011;

- the establishment of foreign companies, mainly in the automotive industry,
subsidiaries of SMEs in the West, very profitable in terms of attracting
employment and retraining of the jobs required;

- cheap labour, especially in rural areas - lacking a stable income - easily retrained.
The research on the evolution and effectiveness of SMEs development in the West
are scarce or non-existent. Therefore, in this paper, an analysis is made based on
statistical data and considering a representative sample of 4 counties from Western
development region. This analysis shows the situation of SMEs in 2011-2014, with
reference to the 2015. Its purpose is to determine the types of activities and
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enterprises in the Western region in order to increase the sense of economic and
financial efficiencies with a stable trend. The research method employed is one of
multivariate mathematical modeling, namely Cluster method.

3. Methodology

Data analysis aims at extracting information contained in the data. This information
is used to interpret various phenomena in the economy, technology, finance, etc.; to
estimate or predict the evolution of phenomena. To be analyzed, the data is
organized as a matrix, where the columns are represented by variables and the lines
by observations.

Cluster method is a method of multivariate analysis that identifies homogeneous
data groups and consists of a collection of techniques by which a set of objects is
divided into relatively homogeneous groups. The essential objective of cluster
analysis is to classify the objects into groups of the same type that have similar
properties to each other according to a given set of variables. Research concerning
the application of multivariate analysis is the subject for many studies, Voineagu et
al., (2002), Babucea, A.G. (2003), Danacica, D.E. (2006) et al. In cluster analysis,
neither the number, nor the group members are known. The study starts with no
knowledge of the group structure and it is not known how many clusters there
are. Cluster represents many elements alike, elements that cannot be found in
another cluster. Cluster method applies algorithms that categorize items, objects in
homogeneous groups whose analysis involves determining the similarity,
proximity, using mathematical methods. Thus, it determines the starting points
from which the hierarchical clustering (cluster center) starts, it analyses
information on the elements combined in hierarchical groups (agglomeration
schedule); it calculates the sum of values for the elements of the cluster (cluster
centroid); it determines the membership to the group for the objects that are
researched.

Clustering techniques based on algorithms ascendants (elements are built by
associating similar classes and a hierarchy is obtained) and descendants
algorithms (algorithm to divide into homogeneous subsets of elements), which
is hierarchical analysis (Hierarchical cluster analysis) (Blei, D.M, 2008). Another
type of algorithms applied in clustering techniques 1is the partitioning
algorithms (starting with a partition of crowd elements and hierarchical classes are
obtained, by the migration of the elements between the obtained classes) (Blei,
D.M, 2008), (Armeanu, S.D. et al., 2015).

The data structures that are used in cluster analysis are: the matrix of objects, the
matrix of similarity based on the correlation coefficient, matrix of dissociation
based on Euclidean distance (31- SPSS for Windows)
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Also, of great importance is the distance between group objects, the distance
between groups or classes, because choosing a certain distance may change
essentially the groups that are obtained. Based on the definition of the distance, the
matrix of similarity was obtained.

As a result of the use of algorithms we get a scheme that differentiates clusters
obtained from data classification, called dendrogram, or tree, which shows a
summary of the hierarchy of classes.

4. The Analysis of the Evolution of SMEs in the Western Development Region
in 2014, based on the Cluster

In the analysis of the work, 1654 SMEs were taken into consideration, SMEs that
were representative in the Western region and were grouped by activity. 959 SMEs
responded to the survey, which represent a very significant percentage for this
activity. Percentages of each activity reports were taken into account for all
economic activities (100%) of SMEs in each county.

Table 3. The SMEs share repartition (%) based on the main activities of the Western
counties (according to the economic efficiency)

Activities ounties Arad Cara§- Hunedoara Timis
Severin
Trade 0.310 0.290 0.330 0.330
Transport and storage 0.140 0.070 0.080 0.085
Manufacturing industry 0.220 0.240 0.250 0.210
Construction 0.070 0.080 0.100 0.100
Information and Communications Technology 0.050 0.040 0.025 0.070
Administrative and support services 0.010 0.010 0.011 0.015
Real estate 0.012 0.011 0.010 0.020
Health and social care 0.010 0.004 0.010 0.016
Hotels and restaurants 0.025 0.010 0.020 0.020
Cultural performances and entertainment 0.020 0.020 0.020 0.010
Education 0.008 0.015 0.010 0.013
Financial and insurance mediation 0.012 0.020 0.012 0.013
Waste management 0.010 0.025 0.015 0.015
Extractive industry 0.010 0.025 0.025 0.015
Production and supply of electricity and heat 0.020 0.050 0.022 0.008
Agriculture 0.073 0.090 0.060 0.060
Total 1.000 1.000 1.000 1.000

Source: own calculations based on statistical research conducted [18], [22], [23], [25]
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Firstly, the group has researched the main activities of SMEs in the Western region
based on economic efficiency, according to the data processed and concentrated in

Table 3.

After processing the resulted data (Table 3), the SMEs hierarchy was analyzed
based on their profile in order to determine the future opportunities regarding the
fast growth of the performed activities’ efficiency. For data processing it was used
a multivariate analysis method, namely Cluster analysis using IBM SPSS Statistics
software v.20 and the Pearson coefficient was applied for calculating the
distance. The distances for each case, presented in the matrix of proximity Table
4), plotted (Figurel), highlight the cases that have the most common points, or the
connections between groups (Table 5). One can notice the grouping method of the
cases and the obtained groups, obtaining the values for the coefficients of distances
between obtained groups (Table 5) and the dendrogram (Figure 2).

Table 4. The matrix of proximity

Case Correlation between Vectors of Values
1 2 3 4 5 6 7 8
1 1.000 | 0.014 - 191 0.754 161 | 0.658 438 | 0.853
2 0.014 | 1.000 - 464 - 645 228 -256 - 043 195
3 - 191 - 464 1.000 122 - 967 -614 - 838 -671
4 0.754 - 645 122 1.000 | 0.015 700 401 544
5 161 228 -967 | 0.015 1.000 | 0.723 | 0.922 649
6 0.658 - 256 -614 700 | 0.723 1.000 | 0.934 | 0.857
7 438 - 043 - 838 401 | 0.922 | 0934 | 1.000 | 0.803
8 0.853 195 -671 544 649 | 0.857 | 0.803 1.000
9 0.623 | 0.789 -435 - 044 228 167 188 649
10 -522 185 730 - 556 - 839 - 980 - 984 -816
11 -392 -809 | 0.059 250 185 270 270 -263
12 - 834 - 545 284 -273 - 120 -308 -212 - 740
13 - 623 - 789 435 | 0.044 - 228 - 167 - 188 - 649
14 -174 -857 | 0.852 407 - 692 -233 -474 - 544
15 - 881 -379 | 0.596 -438 -512 - 693 - 636 - 965
16 - 998 - 083 218 -707 -172 - 635 -429 - 861
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Case Correlation between Vectors of Values
9 10 11 12 13 14 15 16

1 0.623 - 522 -392 - 834 - 623 -174 - 881 - 998
2 0.789 185 - 809 - 545 - 789 - 857 -379 - 083
3 - 435 730 | 0.059 284 435 | 0.852 | 0.596 218
4 - 044 - 556 250 -273 | 0.044 407 -438 - 707
5 228 - 839 185 - 120 -228 - 692 -512 -172
6 167 - 980 270 - 308 -167 -233 - 693 - 635
7 188 - 984 270 -212 - 188 -474 - 636 -429
8 649 -816 -263 - 740 - 649 - 544 - 965 - 861
9 1.000 -132 - 895 -943 1000 -751 - 820 - 675
10 - 132 1.000 -322 216 | 0.132 | 0.333 | 0.638 504
11 - 895 -322 1.000 | 0.819 | 0.895 536 507 449
12 - 943 216 | 0.819 1.000 | 0.943 | 0.532 888 | 0.869
13 1000 | 0.132 | 0.895 | 0.943 1.000 | 0.751 820 675
14 -751 0.333 536 | 0.532 | 0.751 1.000 | 0.613 230
15 -820 | 0.638 507 888 820 | 0.613 1.000 | 0.903
16 - 675 504 449 | 0.869 675 230 | 0.903 1.000

Source: own calculations based on Table 3

Figure 1 Representation for the matrix of proximity
Source: own calculations based on IBM SPSS and Table 4
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From the matrix of proximity we can deduce that scores above 0.5, which represent
strong associations between economic activities, can be seen between activities 1-
6-8; 2-9; 03/10/14; 4-6 etc. These associations of activities will lead the SMEs in
the area of increased economic efficiency.

Table 5. Average Linkage — between groups

Agglomeration Schedule

Cluster Combined Stage Cluster First Appears
Stage Cluster 1 Cluster 2> Coefficients Cluster 1 Cluster 2> Next Stage
1 1= 13 943 o o
2 =] 7 934 o o
3 15 16 903 o o
a 11 12 .857 o 1
s 1 s 853 o o 10
=] 3 14 852 o o 11
7 s =] 823 o 2 12
s 2 =] 789 o o 14
=1 11 15 .7O1 a 3 13
10 1 a 649 s o 12
11 3 10 532 =] o 13
12 1 s .520 10 7 14
13 3 11 .361 11 =] 15
14 1 2 109 12 =3 15
15 1 3 -.as> 14 13
Source: own calculations based on IBM SPSS and Table 4
Dendrogram using Average Linkage (Between Groups)
Rescaled Distance Cluster Combine
o s 10 15 20 25
1 1 1 1 1

Intermedieri_financiare 12

Gestiune_deseuri 13

Invatamant 11

Productie_ffurniz_en 15

Agricuttura 16

Ind_prel

Ind_extractiva 14

>4

Cultura_recreative 10

>

N

Transport_dep

Hoteluri_res

Serv_sup_adm

Imobiliare

h N O O

TIC

-

Ll_tLl_l_

Comert

[

Sanatate_assoc

Constructii 4

Figure 2 Dendrogram
Source: own calculations based on IBM SPSS and Table 5

Based on the dendrogram it can be noticed that the activities 6, 7 and 13 are
grouped together by the slightest difference (approx. 1), therefore, the importance
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of these activities is approximately equal in the four counties, from the
entrepreneur’s interest point of view. Of equal importance, for the entrepreneurs of
the two counties, with the coefficient of importance of approx. 2 are the activities
8, 11, 12 and 14. Activities 1, 4 and 5 have the coefficient of importance of approx.
5. It turns out that the biggest perspective, which will bring the most important
benefits to the entrepreneurs in the SME sector, is held by the trade activities,
manufacturing, information and communication technology and transport and
storage.

5. Conclusions

The SMEs in the Western region counties are focusing their economic activity on
activities that have a high economic efficiency. From the dendrogram and the
matrix of proximity we can notice that the biggest development perspectives are
held by the SMEs in the fields of storage, transport, trade, construction,
information and communication technology, which are interconnected by various
levels to other activities of lesser importance.

Comparing the results obtained using the Pearson coefficient method to those
obtained using the Cityblock method, it can be noticed, again, that the activities 6,
7, 8,9, 11, 12, 13, have a 1 similarity degree, so there is a small percentage of
differences for the four counties. The biggest differences regarding the
effectiveness of the researched activities are between activities 1 and 3 and among
other researched activities.

For counties, from the analysis made by the proximity calculation using the
CityBlock method, it turns out that the greatest difference between Timis and
Caras-Severin, Arad-Caras-Severin, Timis-Hunedoara, Arad-Hunedoara, Timis and
Arad counties regarding the effectiveness of SMEs researched in the Western area
is more obvious in this part of the country because these regions are more
economically and financially efficient. The lowest proximity coefficient is between
Hunedoara and Caras Severin, which shows that these counties have about the
same efficiency of SMEs on researched activities, much less than the efficiency of
SMEs in Arad and Timis counties.

Based on researched activities we can conclude that among the Western counties,
the highest growth perspective of economic efficiency is held by the SMEs in Arad
and Timis counties. Hunedoara has a very good and promising trend and in Caras-
Severin there are factors that lead to stagnation in the researched SMEs activities.
The survey conducted by us, through mathematical modelling, shows that a more
efficient approach is needed for the Western part of Romania. The economic policy
must stimulate the social and economic activities, in each county.
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Also, regarding the study we can deduce that the entrepreneurs’ approaches in
carrying out effective activities should be based on the importance of social and
entrepreneurial activities, that is on the market’s demand and the extension of
activities in the branches of lesser importance, meaning that these activities do not
bring immediate and consistent profit.

To illustrate the evolution of activities’ efficiency of SMEs in the Western area, to
make predictions regarding the evolution of their economic efficiency in the future,
by comparing activities with similar efficiency, we will use other approaches of
multivariate analysis methods, in our future surveys.
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