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DATA ENVELOPMENT ANALYSIS 

APPLICATION FOR ASSESSING THE 

EFFICACY OF MSP 
 

Abstract: The principle of efficiency is very 

important in every business, may be defined as the 
ability to achieve the desired goals with minimal 

use of available resources. To determine the 

success of the organization, in practice it usually 

has to consider multiple inputs and outputs that 

are inherently heterogeneous (financial, technical, 

social, etc..) and are expressed in different units of 

measurement. In the past few years in practice for 

the analysis of such units Data Envelopment 

Analysis – DEA is being used. This method was 

developed in order to measure the efficiency of 

organizational units, primarily those that do not 
generate profit. The most successful application of 

DEA method has been implemented in evaluating 

the performance of bank branches, schools, 

departments at the University, health clinics, and 

others. In this paper, DEA method is used to 

determine the efficiency of small and medium-sized 

enterprises based on real data. 
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1. INTRODUCTION  
 

Micro, small and medium enterprises 

(SMEs) are the engine of the economy in 

both developed countries and developing 

countries. Their performance is critical to 

the economic and social development of 

any country. SMEs are very attractive for 

the study because they "live fast and fast 

disappear." The role of SMEs in providing 

productive employment and earnings 
gained in importance among scholars and 

politicians, precisely because SMEs are an 

effective way of incentives for economic 

and social development. They are the 

vanguard of modern entrepreneurial sector 

and the pre-eminent force modernization 

and growth in developing countries [1]. 

In Serbia, the SME sector includes 

micro, small and medium enterprises and 

entrepreneurs. The classification of entities 
according to size within the SME sector 

was carried out according to the number of 

employees: micro enterprises - the number 

of employees to nine, small businesses - 

the number of employed 10-49 and 

medium-sized enterprises - the number of 

employees 50-249. Entrepreneurs as well 

as self-employed individuals are involved 

in micro enterprises. 

Because of the negative effects of the 

crisis expected results have not being 
achieved the in development of the SME 

sector - to become the leading segment of 

the economy. By 2009 employment 

growth in the SME sector has been 

significantly offset the rise in 

unemployment due to restructuring of 
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large business systems. However, in the 

years of crisis in the sector reduces the 

number of workers. In relation to the 

2005th the number of employees in this 

sector decreased by 3.0% or 23,989 

workers, which makes 14.2% reduction in 

the number of employed non-financial 
sector (168 679 workers or 12.3%). The 

high share of the SME sector in the 

creation of warp indicator of economic 

development does not indicate a high level 

of development, bearing in mind the 

impact of large companies (0.2% of the 

company) on the functioning of the non-

financial sector [2]. 

The 2011th out of the total 319 802 

companies, entrepreneurial sector accounts 

for 99.8% (319,304 companies). SMEs 

generate 65.3% of employees (786,873), 
65.5% of turnover (5.200 billion. RSD), 

55.2% of GDP (878.2 billion RSD) and 

engages 55.7% of investments in non-

financial sector 2011th year.  

SMEs employ 45.1% of total 

employment, 51.7% of total investments, 

realized 46.5% of exports, 52.7% of 

imports, generating 61.7% of the trade 

deficit of the Serbian economy and 

accounts for about 33% of the GDP [2]. 

In light of the above, the goal of our work 
is to demonstrate the practical application 

of DEA analysis of financial and non-

financial parameters that will allow 

mapping of successful small and medium-

sized enterprises. Using the DEA 

methodology allows to carry out relatively 

comparison, the classification given to the 

scale, a variety of small and medium-sized 

enterprises by pre-defined performance 

characteristics. 

 

 

2. MEASURING THE 

PERFORMANCE OF SMEs  
 

The characteristics of the market and 

consumers are specifics that come from the 

external environment of SMEs. Relatively 
little economic power, SMEs are generally 

behaved reactively. Provided, however, it 

is often in conjunction with a relatively 

narrow base of customers. Also, a narrow 

resource base of these companies is often a 

constraint in improving their 

competitiveness. But in building their 

competitive position, SMEs can rely on 
certain benefits. One of them is flexibility 

based on the speed of decision making. A 

simple organizational structure that 

involves a small number of hierarchical 

levels, shorter lines of communication and 

centralized decision-making, thus speeds 

up the response to the demands of the 

enterprise environment. [3] 

Compared to the traditional approach to 

performance measurement, contemporary 

performance measurement systems are 

emphasized and balanced coverage of the 
spread in their approach to measurement, 

strategically oriented and dynamic. Basic 

features of the modern approach to 

performance measurement are: 

1) Multidimensional measurement 

of performance;  

2) Defining objectives and selection 

criteria in each dimension 

measurements partially;  

3) Correlation between the 

operational and strategic goals, as 

well as  

4) Identifying cause-and-effect 

relationships within the inner 

performance measures, but also 

between different perspectives 

measurements. 
As for performance measurement in 

SMEs, there is an evident gap between 

theory, which emphasizes the importance 

of contemporary performance 

measurement systems, and practices that 

almost no knowledge of the model that is 

tailored to SMEs. Most SMEs access to 

performance measurement can be regarded 

as one-dimensional, since the focus is 

exclusively on the financial and 

operational sphere of business eventually. 
Modern business conditions to impose on 
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SMEs increasing competitive pressure and 

the need for continuous improvement, so 

that the current approach to measuring the 

performance of these companies can be a 

barrier rather than the basis of improving 

their competitiveness. The largest number 

of contemporary performance 
measurement system, it is developed for 

large companies. What are the differences 

between SMEs and large companies are 

evident and significant, it is necessary that 

both measurement systems adapted to the 

specific needs. 

 

 

3. THE CONCEPT OF 

INTEGRATED PERFORMANCE 

MEASURMENT SYSTEM FOR 

SMEs 
 

The concept of integrated performance 

measurement system (IMSP) is based on 

the selection of dimensions of performance 

based on the logic of the process of 

transformation of inputs into outputs. 

ISMP follows the transformation of inputs 

from the point of primary allocation of 

resources to the point where you realize 

outputs - products, revenues, and profits. 
That way, in the cause-effect chain, 

internal and external factors of 

performance are being defined. [4] 

Internal performance factors have been 

identified along the chain, which describes 

the process of transforming inputs (inputs) 

to (outputs). These factors relate to the 

cost, of production elements, activities, 

product and the profitability of the product 

and the customer.  

 

 
 

 

 

 
Figure 1 - An integrated performance measurement system 

 
Internal and external factors that 

integrated performance measurement 

system identified as significant factors of 

performance are shown in the following 

table: 
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Table 1. Units of measurement and possible performance measures according to ISPM 

INTERNAL PERFORMANCE FACTORS 

 
Expenditure 

structure 

Production 

elements 

Activities Products Revenues 

Object of 

measureme

nt 

Resource 

allocation 

Efficiency 

of resource 

usage 

Efficiency of 

key activities 

Products 

characteristics 

The willingness 

of consumers to 

pay a price 

Criteria 

Cost 

structure of 

the elements 
of 

production 

Utilization 

and 

maintenanc

e of 
facilities, 

staff 

motivation 

Time 

performance

, cost and 
quality of 

activities 

Customer 

satisfaction, 

quality, 
flexibility, 

innovation 

Operating 

revenue, profit 
per product, 

consumers 

EXTERNAL PERFORMANCE FACTORS 

 Financial performances Competitiveness 

Object of 

measurement 
Financial performances Enterprise competitiveness 

Criteria Ratios of profitability, liquidity and solvency 
The growth rate and the 

dynamics of market share 

 

4. DATA ENVELOPMENT 

ANALYSIS 

 
The creators of the methodology of 

data envelopment analysis - DEA, 

Charnes, Cooper, and Rhodes proposed 

approach for the calculation of the 

efficiency as a non-parametric technique, 

ie. without requiring specific functional 

form, in contrast to the statistical approach, 
such as a regression analysis. They have 

reduced multiple entrances to a single 

'virtual' input and multi-outputs reduced to 

a single "virtual" output, using weighting 

coefficients. The problem of assigning 

weight is being solved allowing each unit 

to set its own weights in order to maximize 

its efficiency (the ratio of the sum of the 

weights of its inputs and outputs), with the 

restriction that the weights must be 

positive values and the ratio of virtual 

output and virtual input of each units 
cannot be greater than 1 [5]. 

On the basis of data on input and 

output variables of data envelopment 

analysis determines whether a unit that is 

decided efficient or not, relative to the 

remaining units included in the analysis, or 

whether it is on the efficiency frontier. The 

efficiency frontier in economic terms 

represents empirically derived maximum 

output variables of each decision unit can 

be achieved with a given input variable, 
and acts as an envelope for inefficient 

units. 

Name of data envelopment analysis 

comes from the fact that the method 

analyzes each decision unit and check 

whether its input variables can be done 

from below (date output variables can be 

achieved with a small amount of input 

variables), bearing in mind the value of the 

input variables of the remaining units, and 

is it possible to perform its output 

variables above (with the given input 
variable can produce higher output 

variable) based on the values of the output 

variables of the remaining units. If the unit 

can do it is relatively inefficient, and if not, 

she participates in the formation of the 

efficiency frontier that is presented here as 

equivalent to the marginal production 

function [6]. 

Four main phases can be distinguished 

in the implementation of efficacy studies 



 

                                                  8
th
 IQC May, 23 2014                                               703 

using DEA methods: 

1) Definition and selection of 

decision units whose relative 

efficiency should be determined 

2) Determination of input and output 

variables relevant and suitable for 

the assessment of the relative 
effectiveness of selected decision 

units. Typical inputs are resources 

that unit is used, and produced 

results constitute the outputs.  

3) Selection of appropriate DEA 

model  

4) Solving DEA models, analysis 

and interpretation of results. 

There are several approaches that 

could be used to measure efficiency in the 

SME sector: 

In the analysis of SME production 
approach is usually viewed SMEs as 

producers of services and products using 

human labor and other resources as inputs 

and thereby generating a profit, increasing 

assets. [7] 

 Under the Intermediate approach, 

as the name suggests, the 

mediating role of SMEs is mainly 

studied to examine how 

effectively SMEs in the use of 

own and borrowed funds. [7] 

 Profitable approach was designed 

to examine the process of how 
well the MSP uses inputs (costs) 

to produce a profit. [6] 

In this paper we implemented the 

middleware approach to the analysis of 

operational efficiency of SMEs because 

the basic idea that the business of SMEs 

from the technical point of view The most 

successful 30 MSP business was randomly 

selected based on the highest income and 

the highest net gain during 2012, within 

different industries [8] All data used in the 

DEA analysis are real and taken from the 
balance sheets of selected SMEs from the 

site Business Registers Agency [9]. 

Description of the input and output of data 

is shown in Table 2. 

 

Table 2. The operating efficiency model 

 INPUTS  DESCRIPTION 

1 Number of employees Based on data downloaded from the website of APR 

2 Fixed assets and 

intangible assets 

The sum of the two balance sheet position (items): 

intangible assets and fixed assets and investments 

3 Capital Position (item) from the balance sheet 

 OUTPUTS DESCRIPTION 

1 Profit Position (item) from the balance sheet 

2 Assets Position (item) from the balance sheet 

 

To get results, we used EMS 1.3 

software for academic purposes. [10] 
Table 3 shows the results of efficacy. The 

distribution of efficiency frequencies is 

shown in Figure 1. From there, it can be 

seen that the efficiency of more than half 

of the analyzed SMEs is below 50%, even 
though they had the best operating income 

and the highest achieved a net profit. 
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Figure 2 - Distribution of efficiency frequencies for 30 MSP 

 

DEA key result is a measure of 

relative efficiency of which is determined 

for each DMU. In addition, DEA provides 

information that is relevant to the 

management of its work to efficient and 

inefficient units. For inefficient units DEA 
provides information on what to do in 

order to become effective and efficient in 

order to work more efficiently. For each 

inefficient unit using the DEA identifies a 

set of corresponding efficient units that 

make it a reference (exemplary) group. 

 

 

Table 3- Efficacy results for 30 MSP applying DEA analysis 

MSP 

Number 

of 

employees 

{I} 

Fixed assets 

and 

intangible 

assets {I} 

Capital {I} 

(in 000 

RSD) 

Profit {O} 

(in 000 

RSD) 

Assets {O} 

(in 000 

RSD) 

Score 

P1 100 170903 444629 95493 654173 28.93% 

P2 49 287592 188857 52651 360078 31.50% 

P3 68 103324 178131 9086 441218 34.53% 

P4 71 34520 210313 75793 526992 40.28% 

P5 28 263 284491 57615 338475 45.47% 

P6 15 341 89478 405 138575 44.52% 

P7 4 45 34627 12631 36435 38.48% 

P8 33 100110 103123 1051007 154146 100.00% 

P9 13 86519 759947 308036 1136157 65.42% 

P10 26 18500 550413 115578 880746 55.46% 

P11 105 337 160133 104505 367687 75.88% 

P12 52 4950 349435 125541 661706 50.04% 

P13 11 53 61870 82818 164344 100.00% 

P14 5 214 227240 124190 582952 100.00% 

P15 69 268 139995 126797 157015 67.18% 
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P16 174 361 370105 288193 732297 73.51% 

P17 119 90594 270719 139428 363557 20.21% 

P18 131 12116 186502 121496 440778 42.43% 

P19 47 74938 274586 83211 563974 46.34% 

P20 37 34388 172350 12427 358161 41.69% 

P21 42 13662 167177 8891 225489 25.09% 

P22 58 433811 80199 118915 1075402 100.00% 

P23 124 1079906 1834621 5584 2317514 38.63% 

P24 134 180184 874361 198172 1215202 33.34% 

P25 128 35051 454155 116113 615152 24.90% 

P26 2 48928 417717 502849 660359 100.00% 

P27 30 1218 29362 4115 431291 100.00% 

P28 44 1317 206133 113574 256540 41.12% 

P29 47 10576 123745 113169 495241 66.30% 

P30 50 43215 96908 128949 316793 44.34% 

 

The reference groups of inefficient 

units are units that are efficient to their 

optimum weight. Units from the reference 

group of some inefficient units have the 
same input-output orientation as the one, 

and achieve greater efficiency. Differences 

in input-output level of relatively 

inefficient units with respect to its 

reference unit indicates the areas where 

deficiencies in its work. Results provided 

by the DEA method produces a 

quantitative basis for the allocation of 
resources between units that are assessed 

and it is one of the reasons why the 

method is widely used in practice. 

 

 

Table 4 - Overview of the reference group of inefficient units 

.DMU Score Benchmarks 

Number 

of 

employees 

{I} 

Fixed 

assets and 

intangible 

assets {I} 

 Capital 

{I} (in 

000 

RSD) 

Profit 

{O} (in 

000 

RSD) 

Assets 

{O} 

(in 

000 

RSD) 

P1 28.93% 

8 (0.03)  

14 (0.43)  

22 (0.11)  
27 (0.66)  

0 0 0 0 0 

P2 31.50% 

8 (0.01)  

14 (0.18)  

22 (0.21)  

27 (0.08)  

0 0 0 0.03 0 

P3 34.53% 

14 (0.16)  

22 (0.08)  

27 (0.60)  

0 0 0 23416.9 0 

P4 40.28% 
8 (0.04)  

14 (0.24)  
0 0 0 0 0 
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22 (0.02)  

27 (0.83)  

P5 45.47% 

13 (1.02)  

14 (0.29)  

27 (0.00)  

0 0 0 62905.7 0 

P6 44.52% 

13 (0.31)  

14 (0.08)  

27 (0.10)  

0 0 0 35169 0 

P7 38.48% 

13 (0.12)  

14 (0.03)  

27 (0.00)  

0 0 0 256.52 0 

P8 100.00% 13      

P9 65.42% 
14 (1.57)  

26 (0.34)  
0 39701.5 0.01 56612.1 0 

P10 55.46% 

14 (1.31)  

22 (0.02)  

27 (0.22)  

0 0 0 50318.7 0 

P11 75.88% 
13 (1.90)  

27 (0.13)  
54.92 0 0 53678.7 0 

P12 50.04% 

8 (0.02)  

13 (0.43)  

14 (0.57)  

27 (0.60)  

0 0 0 0 0 

P13 100.00% 10      

P14 100.00% 19      

P15 67.18% 
8 (0.00)  

13 (1.52)  
29.62 0 0 0 92680 

P16 73.51% 
13 (4.38)  

27 (0.03)  
78.87 0 0 75057.8 0 

P17 20.21% 

8 (0.12)  

14 (0.10)  

22 (0.01)  

27 (0.63)  

0 0 0 0 0 

P18 42.43% 
8 (0.04)  
13 (0.89)  

27 (0.67)  

24.36 0 0 0 0 

P19 46.34% 

8 (0.01)  

14 (0.46)  

22 (0.08)  

27 (0.49)  

0 0 0 0.01 0 

P20 41.69% 

14 (0.25)  

22 (0.03)  

27 (0.41)  

0 0 0 24324.1 0 

P21 25.09% 

14 (0.14)  

22 (0.01)  

27 (0.31)  

0 0 0 10803.4 0 

P22 100.00% 13      
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P23 38.63% 
14 (2.92)  

22 (0.57)  
0 167304 0.01 424836 0.01 

P24 33.34% 

8 (0.04)  

14 (1.09)  

22 (0.13)  

27 (1.02)  

0 0.01 0 0.01 0 

P25 24.90% 

8 (0.07)  

14 (0.35)  

22 (0.00)  

27 (0.93)  

0 0 0 0 0 

P26 100.00% 1      

P27 100.00% 21      

P28 41.12% 

8 (0.00)  

13 (1.32)  

27 (0.09)  

0.74 0 0 0 0 

P29 66.30% 

8 (0.06)  

13 (0.38)  

14 (0.13)  

27 (0.81)  

0 0 0 0 0 

P30 44.34% 

8 (0.11)  
14 (0.06)  

22 (0.02)  

27 (0.57)  

0 0 0 0 0 

 

5. CONCLUSION 
 

The paper used DEA analysis to 

evaluate the effectiveness of the most 

successful SMEs. The analysis showed 

that more than half of the companies do 
not use their optimal inputs and there is 

room to improve their efficacy using the 

reference measure of efficient enterprises.  

Based on this example, it is shown 

that further research DEA analysis can be 

used to monitor the efficiency of SMEs in 

the range of 3-5 years in order to gain 

more information about their business. 

DEA can also help with the allocation of 

resources in the private sector. If you set 

the evaluated unit belongs profit sector of 

the economy is considered to be the 

primary unit performance should be 

evaluated in terms of profitability. Even if 
profitability is not sufficient measure 

performance in profit sector it cannot be 

ignored. 
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