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ABSTRACT 
Economic performances, efficiency, factor productivities and competitiveness are essential 

elements of economic analysis. Specific methods were developed during last decades in order to 
analyze efficiency at microeconomic level. However, we can utilize these methods to analyze 
macroeconomic efficiency and labor productivity. Farrell (1957) propose a measure for company 
efficiency, divided in two components: technical efficiency  that shows firm ability to maximize 
output level depending on input factor set and allocative efficiency that reflects firm capacity to use 
appropriate inputs for given technology and factor prices.  

In our paper we extend these measures from microeconomic level at national economy level, 
for economic branches and sectors. 

We analyze efficiency and competitiveness of IT industry by intermediary of DEA method in 
Romania and another 8 European countries. We select 5 representative EU countries (Germany, Italy, 
Netherlands, Sweden, and Great Britain), two countries that adhere in 2004 (Poland and Slovenia) and 
also Romania and Bulgaria.  We consider 13 factors,  four inputs: respectively average number of 
employees per firm, average salary per employee, gross investments per employee  and firm number 
and three outputs: average production, average added value and total production. Results show that 
most efficient countries are Germany and Netherlands and less efficient countries are Bulgaria and 
Sweden. In Romania we found a good level of Farrell’s efficiency measures, better than those 
registered in Great Britain or Sweden. 
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1. INTRODUCTION 
 

Economic performances, efficiency, factor productivities and competitiveness are 
essential elements of economic analysis. Specific methods were developed last decades in 
order to analyze efficiency at microeconomic level. However, we can utilize these methods to 
analyze macroeconomic efficiency and labor productivity. Farrell1 (1957) hypothesis is that 
firm efficiency consists in two components: technical efficiency and allocative efficiency. 
Technical efficiency represents the ability to obtain maximum level of output by using a given 
set of inputs. Allocative efficiency represents the ability to optimally use the inputs for given 
technologies and prices. The combinations of these two components are total economic 
efficiency. 

We extend the analysis from microeconomic level to macroeconomic level and we use 
this method to analyze IT industry in some European countries. 

Literature gives us four basic methods to analyzing efficiency: 
1. Least Squares method  
2. Total productivity factor index method (TPF)2 
3. Dynamic Envelopment Analysis (DEA) 
4. Stochastic Frontier Analysis. 

                                                 
1 Farrell, M.J. The Measurement of Productive Efficiency, Journal of Royal Statistical Society, A120, 1957, p. 
253-290 
2 TPF – Total Productivity Factors – a statistical method based on index method for productivity analyze 
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The first two methods are applied for aggregated time series and give us a 
measurement for technical progress and dynamics of total productivity factors. For both 
methods we suppose that economy works at full employment level, so it is an efficient 
economy. The third and fourth methods suppose that there is not an efficiency hypothesis, and 
we can observe the inefficiency causes and its dimension.   

We use total productivity factor method (TPF) to compare the relative efficiency for 
two economies or for two different periods.  DEA and stochastic frontier method are used to 
observe the technical efficiency variations and also the relative efficiency. The basic 
assumption is that we dispose a significant panel data. 

Our paper presents an analysis of efficiency and competitiveness at IT industry level 
by intermediary of DEA method in Romania and another 8 European countries. We select 5 
representative EU countries (Germany, Italy, Netherlands, Sweden, and Great Britain), two 
countries that adhere in 2004 (Poland and Slovenia) and also Romania and Bulgaria.  We 
consider 13 factors,  four inputs: respectively average number of employees per firm, average 
salary per employee, gross investments per employee  and firm number and three outputs: 
average production, average added value and total production.  

Other objectives of our paper are to classify European countries based on efficiency 
and productivity in IT industry and also to observe economic distances between developed 
EU countries and new entry countries. 

 
2. LITERATURE 
 

One of the first authors that developed modern techniques analyzing efficiency and 
productivity was Farell (1957). He describes efficiency at microeconomic level composed by 
two parts: technical efficiency and allocative efficiency. Technical efficiency represent the 
ability to obtain maximum level of output given that a set of inputs. Allocative efficiency 
represents the ability to optimally use the inputs for given technologies and prices.  This 
method was developed by Charnes, Cooper and Rhodes3 that defines envelopment data 
analysis methodology in 1978-study like a mathematical programming model for data 
observations who assure a new way to obtain empirical estimation for extern relationship, like 
production function or/and efficient possibilities production surfaces who represent the basics 
of modern economics. Greene (1993) continues to develop econometric methods to analyze 
efficiency and productivity.  

Fare, R, S Grosskopt, M. Norris, Z. Zhang (1994) analyze in there paper “Productivity 
Growth, Technical Progress and Efficiency Changes in Industrialized Countries” by 
intermediary of DEA method how productivity and efficiency was influenced in industrialized 
countries and rank these countries from efficiency point of view.       

Junming Liu and Kaoru Tone (2008) propose a three-stage method to measure DEA 
efficiency while controlling for the impacts of both statistical noise and environmental factors. 
Using panel data on Japanese banking over the period 1997-2001, they demonstrate that the 
proposed approach greatly mitigates these weaknesses of DEA models.  

Sven A. Haugland, Ingunn Myrtveit, Arne Nygaard (2007) study the market 
orientation model using a multi-method approach to measure performance. The study applies 
two objective performance measures–relative productivity, calculated by data envelopment 
analysis (DEA) and return on assets (ROA) – and one subjective performance measure-
perceived profitability compared to key competitors. Building on empirical data from the 
hotel industry, their results indicate that market orientation has only a modest effect on 
relative productivity and no effect on return on assets. They found that strongest effect of 

                                                 
3 Charnes, A., Cooper W.W.M,  Rhodes ,E. – Measuring the Efficiency of Decisions Making Units, in European 
Journal of Operations Research, 2, p. 429-444, 1978 
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market orientation on performance occurs when applying the subjective performance 
measure. 

Diaz-Balteiro, Herruzo and González-Pachón (2006) analyze Spanish wood based 
industry also using DEA method. 

Agha Iqbal Ali and Robert Nakosteen (2005) use Data Envelopment Analysis (DEA) 
to provide rankings of state economic performance. By using DEA, they develop rankings 
that are systematic and have a meaningful interpretation.  
 In Romania, DEA method was developed only in past ten years.  Roman and Roman 
(2000) use this method to analyze labor efficiency in Romanian branches in 1995-2000 
periods. Another paper analyzing time use in Romanian’s counties also by intermediary of 
DEA method was developed in 2004 by Roman and Roman.  
 

3.  DEA METHOD 
 

Basic concepts    
We consider two firms (or branches) who are using two inputs (x1,x2) in order to 

produce one output,  y, in constant return to scale hypothesis.  We suppose, too that we know 
the isoquants for complete efficient firms (practically, the production frontier is not known, so 
we can estimate it by observing firms in considered industry). We use DEA method to 
estimate this frontier, represented by SS’ in Figure 1. If a firm use input quantities 
corresponding at point P to produce an output unit, then the technical inefficiency is QP 
distance. These represent the quantity than we can get a proportional decrease of inputs ant to 
obtain the same quantity of output. This is represented by the ratio QP/OP . This ratio 
indicates the proportion with firm can reduce inputs to obtain technical efficient production.  

Technical efficiency (TE) is also measured by the ratio 
OP
OQTEi =  and it indicate too 

the technique inefficiency: 

 [ 1.0
O

]
P

QP1
OP
OQTEi ∈−==                                                      (1) 

If the input prices ratio (represented by the slope of AA’ isoquant in Figure 1.) is 
known, then we can determine allocative efficiency.  

The allocative efficiency (AE) for the firm who operate in P – point is the ratio:  

 
OQ
ORAEi =                                                                         (2) 

and RQ represent cost reduction if we have the firm’s output in Q point (this point is 
allocative and technical efficient). 
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Figure. 1  Technical efficiency and allocative efficiency 
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Total economic efficiency (EE) is done by ratio: 

 
OP
OREEi =                                                                        (3) 

where RP indicate cost-reduction possibility. 
 We observe that: 

 iii EE
OP
OR

OQ
OR

OP
OQAETE ==×=×                           (4) 

 To determine efficiency coefficients we suppose that we know production function. 
This hypothesis is not realistic, so that we must estimate efficient isoquant from a panel data. 
Farell suggest using a non-parametrical convex isoquant such that observed points not to be at 
left or down (Figure 2). Another possibility is to use a Cobb-Douglas parametrical function, 
such that observed points not to be at left or down of this curve.  
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Figure. 2 Nonparametric isoquant 
 
 
This analysis is usually called “input oriented efficiency measure”. 
One question we have to ask here is: “How much we can diminish inputs without 

diminishing output?” Another question is: “How much we can increase output with actual 
inputs?” By responding these questions, we obtain a measure for output oriented efficiency. 

 
 
Enveloped surfaces 
 
The production functions show the frontier of production possibility set. We can 

evaluate the relative efficiency only if we know this frontier.  
Suppose that we analyze N firms (or N activities). Each firm uses different inputs (K 

inputs) to produce M outputs. Colon K-dimensional vectors xi indicate input quantities for i-
firm and colon M-dimensional vector yi indicate output quantities for the same i –firm. X and 
Y are input/output matrix for the whole economy. 

By intermediary of DEA methods we search an enveloped surface for all production 
functions. This enveloped surface represents the economy’s empirical production function or 
efficiency frontier.  Using DEA we can analyze the relative efficiency for many-inputs ant 
many-outputs technologies. The efficiency performances of each firm depend on our position 
relative to this enveloped surface. Each firm who is on enveloped surface is an efficient firm, 
and the rest of them are relative inefficient firms.  

Depending on   returns to scale, we have two classes of enveloped surfaces:  one class 
for constant return to scale technology (CRS), and another for variable return to scale 
technology (VRS).  The kind of these surfaces depends on data panel and economic 
hypothesis.  
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Constant Return to Scale DEA Model 
 
Intuitively we can introduce DEA like a ratio. For each firm we measure the ratio 

between the value of all outputs and the value of all inputs, that means the ratio , 
where u is a Kx1-dimensional estimation vector for inputs and v is an Mx1-dimensional 
estimation vector for outputs.  

i
,

i
, xv/yu

Optimal estimation result by solving the program: 

                                                  (7) 
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The results are the values output quantities ui and input quantities vi that maximize 
firm i efficiency, subject to all efficiency are less or equals to one.   This program can have an 
infinitely number of solution, forma (αu*, αv*) where  (u*, v*) represent system solution. To 
avoid such situation we impose that  , so we obtain a new program (7): 1xv i

, =
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 This program is called the multiplicative form of a DEA linear programming model.  
 Using duality in linear programming we obtain an equivalent form for this problem: 

                                                                     (8) 
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 In this model θ  is a real number between 0 and 1, and  λ  is an Nx1-dimensional 
vector of constants. If θ=1, then the corresponding firm is technical efficient, and if  θ < 1, 
then the analyzed firm is not on efficiency frontier.  

So, we must solve program (8) N times, and for each firm we obtain an efficiency 
parameter or a score of his efficiency.  
 
 

Variable Returns-to-Scale DEA Models (VRS) 
 

The hypothesis that we have CRS is not very realistically. It is possible like a firm 
can’t operates at optimal scale be cause of imperfect competition, imperfect information, 
financial restrictions and so on.  

 
We obtain a linear programming problem, based on CRS DEA problem subject on 

convexity supplementary condition: 
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                                                                (9) 
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where N1  is an N×1 – dimensional vector with all components 1. 
 
An enveloped surface VRS is in this case a convex envelope of points that represent 

firm’s efficiency.  Convex envelope surface give a better solution like envelope surface done 
by CRS-DEA model. Also, using this method we can observe the type of return –to-scale for 
each firm, type who in not necessary CRS.    
 We obtain the VRS for the analyzed firm and if it exists a difference between VRS 
solution (TE) and CRS solution, then we have an inefficient scale. The inefficiency dimension 
is done by difference between TE obtained with VRS (TEVRS) and TE obtained with CRS 
(TECRS).   
 In figure 3 we illustrate an inefficient case using one input and one output. In CRS 
hypothesis technical inefficiency input oriented of P-point is PPC distance, and in VRS 
hypothesis is PPV. distance.  The difference between these two technical (PCPV) is done by 
scale inefficiency: 
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VRS Frontier 

NIRS Frontier 

CRS Frontier 

P

PVP

QR 

A

y 

x
 

Figure  3. Scale economies in DEA models 
 
4. Study case  
 

We analyze efficiency and competitiveness of IT industry by intermediary of DEA 
method in Romania and another 8 European countries. We select 5 representative EU 
countries (Germany, Italy, Netherlands, Sweden, and Great Britain), two countries that adhere 
in 2004 (Poland and Slovenia) and also Romania and Bulgaria.   
 

Analyzed indicators from studied countries are: 
1. number of enterprises 
2. average number of employees  
3. total salaries 
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4. production 
5. gross added value 
6. gross fixed capital formation 
7. average number of employees per enterprise 
8. annual average salary per employee 
9. average production  per employee 
10. average added value per employee 
11. average gross fixed capital formation per employee 

 
We use as inputs: average number of employees per enterprise, annual salary per employee 
and average gross fixed capital formation per employee. 

As outputs we use average production per employee and average added value per 
employee. 

All data are comparable, indicators are expressed in Euros, with the exception of the 
average number of employees. 

Data sources were International Yearbook of Industrial Statistics, 2002, 2004 edited 
by United Nations Industrial Development Organization (UNIDO) and Romanian Statistical 
Yearbook (2006).  

 Software used to analyze our data was DEAP, developed by Coelli, Prasada and. 
Battese (1998).  

 
The biggest country in Europe in IT industry based on employee average number is Great 

Britain (55.9 thousands) followed by Germany (47.4 thousands) and Italy (14.3 thousands). In 
Portugal there were only 400 employed in IT industry in 2004 peoples, while in Romania- 
1925 employees (see Table 1) were working in this field. In Great Britain there are also the 
greater number of enterprises- 1821, followed by Poland (1536) and Italy (1526). Obvious, 
Portugal counts the smallest number of enterprises, only 31.  

 
Table 1.  

Enterprises and employees number and  IT industry 
in 2003 year 

  Enterprises Employees 
Germany 693 47400 
Italy 1526 14300 
Nederland 335 6451 
Portugal 31 400 
Sweden 416 7202 
Great Britain 1821 55900 
Bulgaria 106 2914 
Poland 1536 5000 
Romania 281 1925 

Data Source: International Yearbook of Industrial Statistics, UNIDO, 2004 
 

Regarding average employee number per firm, in Germany there are the biggest IT 
enterprises, with an average of 70 peoples per firm. It is followed -by far- by Great Britain 
with an average of 30, and Bulgaria with 28 employees per firm. Small enterprises there are in 
Italy, Poland and Romania, with less than 10 employees per enterprise (see Figure 4).   
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Data Source: International Yearbook of Industrial Statistics, UNIDO, 2004 

 
Figure 4.  

  
Average production per employee in analyzed countries changes previous rakings.  

Netherlands is the most efficient country, with over 400000 Euros/employee being the 
productivity level in 2003. Germany and Great Britain have more than 300000 
Euros/employee, and Sweden, Poland and Romania have about 100000 Euros production per 
employee. The final country in our analysis ranks Bulgaria, with only 9545 Euros/employee 
in 2003 (see figure 5).   

There are also huge differences between average productivities and salaries in 
analyzed countries.  Germany offers an average salary over 48000 Euros in 2003, followed by 
Netherlands with over 41000 Euros average salaries and Great Britain with over 36500 Euros. 
Last positions in this rakings are occupied by Romania and Bulgaria with average salaries 
about 3110 Euros per year in Romania, respectively 1245 Euros per year in Bulgaria (see 
Table 3 and Figure 5).    

Average gross capital formation indicates practically the same situation. Germany 
invests around 10000 Euros/employee in the top of the rank and last country is Bulgaria with 
a disappointing 284 Euros/employee.  

Romania is better situated from this point of view, with 4360 Euros/employee in 2003, 
followed by countries such are Italy, Sweden or Poland (see Figure 6).    

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Average salary and productivity in EU countries in IT 
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Figure 6. 
  

Using DEA method (see Annex) we classify analyzed countries by output/input 
efficiency criterion. Nederland, Portugal, Italy and Romania are situated on the efficiency 
frontier. It is important to notice that in the case of  Nederland we found a decreasing return to 
scale, that indicates a possible negative evolution of this sector in the future. Romania is the 
only country from the countries situated on the efficiency frontier that have an increasing 
return to scale and this indicates possible positive evolution of this sector within the next 
years.  
 Also, we can observe that Germany and Great Britain are not situated on efficiency 
frontier and this indicates a relative inefficiency on IT industry in these countries. The last 
two countries in efficiency ranking remain Bulgaria (with a coefficient value of 0.669) and 
Sweden (with the lowest coefficient 0.536).  
 Efficiency scores indicate also the possibility to improve output level with given 
inputs. For instance, given the same inputs, Germany can improve its production with 37.3%, 
if its productivity will be on frontier possibilities.  
 

Outputs 
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Italy 

 
 
Figure 7.  IT efficiency in European countries by DEA method 
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5.  Conclusions 
 

This paper presents an attempt to classify European IT industries from efficiency point of 
view. Empirical evidence shows that Germany, Nederland and Great Britain are the most 
efficient countries. We can observe also great differences on productivity, average production 
and salaries between developed European countries and Romania and Bulgaria. DEA method 
indicates that Romania is situated on efficiency frontier and Germany or Sweden or Great 
Britain are not situated on this frontier.  

Romania had also an increasing return to scale that indicates possible future positive 
effects industry evolutions.  

Sweden is the worse situated country due on relatively low level of productivity. 
Bulgaria had also a small efficiency coefficient, but there exist an increasing return to 

scale, that creates the opportunity to improve industry productivity into the future.  
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Annex 
 
Table 2. 
Average salary and productivity in EU countries in IT industry in 2003 

(Euros) 

  Average salary Average output 

Germany 48228 351203 

Italy 24343 286343 

Nederland 41079 476515 

Portugal 13250 158000 

Sweden 15929 82539 

Great Britain 36756 352410 

Bulgaria 1245 9546 

Poland 8925 93089 

Romania 3110 66438 
 
 
 
Table 3.  
Relative productivity and salaries rates 
(Romania=1) 

Countries 
Productivity / gross 
added value ratio 

Productivity / 
production ratio Salary ratio 

Germany 6,33 5,29 15,51 

Italy 3,75 4,31 7,83 

Nederland 5,86 7,17 13,21 

Portugal 2,29 2,38 4,26 

Sweden 1,92 1,24 5,12 

Great Britain 4,34 5,30 11,82 

Bulgaria 0,17 0,14 0,40 

Poland 2,94 1,40 2,87 

Romania 1,00 1,00 1,00 
 
 
 
Table 4 
 
Results from DEAP Version 2.1 
Instruction file = it5.ins      
Data file          = it4.dta      
Output orientated DEA 
Scale assumption: VRS 
Slacks calculated using multi-stage method 
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EFFICIENCY SUMMARY: 
          firm                   vrste    scale 
    1 Germany    0.637 drs 
    2 Italy   1.000  -  
    3 Nederland 1.000  drs 
    4 Portugal  1.000  -  
    5 Sweden  0.536  drs 
    6 Great Britain   0.814  drs 
    7 Bulgaria  0.669  irs 
    8  Poland  1.000  -  
    9  Romania  1.000   irs 
   mean  0.744   
Note:       vrste = technical efficiency from VRS DEA 
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