
 

 

  
Abstract— This study constructs research and development 

(R&D) as a factor of productivity of European pharmaceutical 
industry. We introduce an empirical model derived from the Data 
Envelopment Analysis model to calculate R&D and efficiencies for 
selected European pharmaceutical companies. This research brings a 
mathematical view with Data Envelopment Analysis which is a 
mathematical modeling method of calculating relative efficiencies of 
Decision Making Units (DMUs), based on predetermined inputs and 
outputs. Performance evaluation of R&D activity is important for 
continuous improvement of performance of pharmaceutical 
companies. The model was used to obtain the overall level of exports 
with input factors of R&D activity. The subject of analysis are 
efficiency values and rank. After identifying relative efficiencies of 
the observed countries, the results are discussed.   
 
 

Keywords—DEA efficiency, R&D performance, EU 
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I. INTRODUCTION 
MPACT of the global economic crisis and competition 
growth had certain implications on export activity of the 

high-tech industry as an important segment of the processing 
industry.  

Therefore, high-tech industrial companies should invest 
more efforts in overcoming economic challenges. One of the 
possible solutions is measuring company efficiency and 
making economic decisions based on the data envelopment 
analysis. The main research hypothesis implies that it is 
possible to assess the efficiency of the pharmaceutical industry 
of the selected countries.   

The main objective of the paper is reflected in the 
calculation of efficiency of the pharmaceutical industry (as a 
representative of the high-tech industry) by implementation of 
the DEA (Data Envelopment Analysis), objective assessment 
of their efficiency, and, pursuant to the results, proposing 
measures and activities for improvement of export 
competitiveness of the pharmaceutical industry of the selected 
European countries.  
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II. MEASURING COMPANY EFFICIENCY IN THE HIGH TECH-
INDUSTRY 

Firstly, it is important to point out that the pharmaceutical 
industry is a constituent part of the processing industry. The 
pharmaceutical industry assumes characteristics of the high-
tech industry. Certain scientific research [1]-[2] use data 
envelopment analysis to measure the efficiency of the 
processing industry as a whole. A few scientific research are 
characterised by narrow specialisation in the measuring of 
efficiency of a certain branch and sub-branch of the processing 
industry.  

In terms of results of DEA analyses of high-tech i.e. 
pharmaceutical industry, some authors reached interesting 
conclusions. According to [3], inefficiency of high-tech 
companies is reflected in insufficient use of R&D capacities, 
including investments in R&D, number of employees and 
R&D researchers. High-tech companies stimulate their own 
R&D activity when they properly allocate R&D resources or 
define adequate R&D strategies. With the objective to increase 
efficiency, inefficient high-tech companies should improve 
their R&D activity and allocation of R&D resources (R&D 
investments). The authors [3] point out that new high-tech 
companies can fulfill the basic criteria in the context of 
implementation of knowledge and technology of the existing 
high-tech companies.  

The authors [4] point out the determinants of efficiency of 
pharmaceutical companies like patents, exports, foreign direct 
investments and their profitability. Their research results are 
verified by the authors [5] who add that a high level of R&D 
activity indeed contributes to company efficiency. However, 
for companies which are not R&D-intensive, import of capital 
goods increases their technical efficiency. Therefore, inclusion 
of economy into global trade flows has an impact on company 
efficiency. Exports of products depend on rigid standards of 
the importing countries which indirectly condition efficient 
use of the available resources. The pharmaceutical companies 
have the possibility to increase efficiency through an increase 
in export orientation. The companies lacking R&D resources 
usually import foreign capital goods to stay competitive. In 
other words, import of capital goods is an adequate substitute 
for internal R&D activity of the company. The authors [5] also 
point out the importance of policy-makers in supporting R&D 
activities of pharmaceutical companies.   

The objective of the above-mentioned results of data 
envelopment analysis is to measure and assess the efficiency 
of the observed inputs and outputs. However, it should be 
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pointed out that there are limitations. The importance of 
limitations is reflected in a measurable impact on the results of 
specific research. In order to clearly analyse company 
efficiency in the high-tech sector, this chapter provides 
analysis of the main limitations in the data envelopment 
analysis.   

One of the mentioned limitations is direct impact of R&D 
research on the output of high-tech companies. In accordance 
with the views of the author [3], costs of the analysed 
companies are characterised by a different structure. 
Therefore, stimulation of investments in R&D does not 
necessarily result in direct increase in outputs (for example, 
innovation). In other words, high-tech industrial company 
need not always be marked inefficient because of a low degree 
of R&D activity. The authors add that universality of 
characteristics of R&D inputs has an impact on aggravated 
specification of indicators of direct inputs. Excluded effects 
and circumstances which can imply efficiency of the observed 
companies are also singled out.  

If the subject of analysis are R&D investments during a 
period of several years, the authors propose using panel data 
analysis which reduces the differences between R&D 
investments and resources of the analysed high-tech 
companies.  

The authors [4] point out unavailability of data as one of the 
limitations of data envelopment analysis. In the research, the 
authors point out that the research would be more interesting if 
results were used from the period of the emergence and 
expansion of the global economic crisis. It is suggested that a 
special model of data envelopment analysis be used, in which 
predictor coefficients of Tobit regression are used for 
estimation of the value of inputs.   

The authors [5] refer to the adequate selection of inputs and 
outputs in the measuring of relative efficiency. Namely, 
efficiency and company performance are relative for each 
industrial company. In other words, relative efficiency is 
conditioned by possibilities of the company of abilities of the 
management through improved use of the available resources 
in relation to the competition. This enables growth of outputs 
through new market conditions which can boost company 
growth. The presented case is that of an Indian pharmaceutical 
company which is facing unpredictable market activities. The 
conclusion is derived that most parametres which stimulate 
company growth are, in fact, external factors which are more 
difficult to assess. 

The focus of attention is on research conducted on the 
efficiency of the high-tech industry, [5]-[8] which also include 
the pharmaceutical industry.  

The performance analysis provided by DEA method can be 
used for evaluating national development efficiency with 
respect to the national factor endowment [9]. 

Although high-tech industry is the research subject through 
the DEA analysis, it still remains an insufficiently explored 
field in the framework of other research.  

Data envelopment analysis represents a non-parametric 
method based on linear programming. DEA has been widely 
used by researchers to measure efficiency and productivity 

[10]. It was first introduced by Charnes and associates in 1978 
[11]. This mathematical, non-parametric technique describes 
the mathematical programming approach to the construction 
of production frontier and measurement of efficiency of 
developed model. It is used for assessment of relative 
efficiency of comparable entities based on empirical data on 
their inputs and outputs. Data envelopment analysis is 
recommendable in cases when other approaches do not 
provide the expected results. 

Data envelopment analysis also defines the empirical 
efficient frontier (i.e. a frontier of production possibilities) by 
using the bottom-up input envelopment and the top-down 
output envelopment. This is why it is defined by the (most 
efficient) existing decision making units; an efficient frontier 
is an achievable objective which must be realised by 
inefficient decision making units. Such efficiency is achieved 
by projection to the efficient frontier. Most standard statistical 
approaches are based on average values. However, data 
envelopment analysis is based on extreme observations, where 
each decision making unit is compared only with the most 
efficient one.  

Measurement and evaluation of performance and 
productivity is an important issue for at least two reasons. One 
is that in a group of units where only limited number of 
candidates can be selected, the performance of each must be 
evaluated in a fair and consistent manner. The other is that as 
time progresses, better performance is expected. Hence, the 
units with declining performance must be identified in order to 
make the necessary improvements. The performance of a 
Decision Making Unit (DMU) can be evaluated in either a 
cross-sectional or a time-series manner, and the DEA is a 
useful method for both types of evaluation [12]. 

Decision making units imply using certain inputs with the 
objective to produce outputs. Generally, several inputs 
represent a foundation for the production of a single or several 
outputs in the decision making units. Selection of inputs and 
outputs follows after the selection of the decision making 
units.  

Adequate selection of the number of inputs and outputs is 
very significant in terms of the results of the data envelopment 
analysis. If, by any chance, the inputs and outputs of the 
model are not properly selected when the analysis is initiated, 
the results of the conducted analysis are questionable. What is 
more, the number of inputs and outputs depends on the type of 
the analysed field (industry). It is recommendable to include at 
least two to three inputs (outputs) in the scope of the data 
envelopment analysis.  

The absolute efficiency measure may be determined under 
the condition that there is an explicitly defined correlation 
between inputs and outputs, i.e. when a connection which 
connects a group of possible outputs to any combination of 
inputs is known. If there is a correlation, it is possible to 
establish their absolute efficiency from the relations of really 
achieved and theoretically achievable outputs.  

In more simple terms, models of data envelopment analysis 
make a distinction between efficient and non-efficient decision 
making units. From this point of view, a decision making unit 
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is efficient when it comes close to the effficient frontier with 
the corresponding combination of inputs and outputs under the 
assumption of constant returns (Figure 1).  

  
Figure 1: The efficient frontier and non-efficiency of the data 

envelopment analysis method 
 
Based on the data on the used inputs and outputs, it is 

evident that the data envelopment analysis method measures 
relative efficiency of the decision making units by 
constructing the empirical efficient frontier, i.e. limits of 
production capacity. The most successful decision making unit 
(or the Best Practice Unit) is the one which determines the 
efficient frontier and is rated 1 in the process. Thus, the level 
of technical innefficiency of other decision making units is 
calculated on the basis of the distance of their input-output 
ratio from the efficient frontier.  

DEA represents a powerful aggregate comparative method 
for assessing the productivity of organizations with multiple 
incomparable inputs and outputs [13]. 

It is useful to point out that each efficiency analysis is 
preceded by a detailed research of characteristics and results 
of actual models. If this is not the case, the results of 
conducted analyses may significantly differ and result in 
unreliable guidelines and conclusions. Special emphasis is 
placed on the Charnes-Cooper-Rhodes (CCR) model which is 
used in the framework of the DEA analysis. 

The CCR model, named after the authors Charnes, Cooper, 
and Rhodes, [11] represents one of the generally accepted and 
frequently used models of data envelopment analysis. The 
original CCR model is based on the assumption of constant 
returns. The model is used for measuring total efficiency for 
decision making units. 

The CCR model is used with the objective to measure 
„technical“ efficiency of the analysed decision making units 
with the assumption of constant returns. However, in many 
analysed cases, inefficiency does not only originate from the 
allocation inefficiency, but it also appears as a result of 
techical inefficiency and inefficiency of returns. The basic 
premise of the BCC model classifies the total „technical“ 
efficiency of the CCR model according to which technical 
efficiency and efficiency of returns would be dependent on 
variable returns. The Charnes-Cooper-Rhodes model is 
presented graphically in Figure 2. 

 
Figure 2: The CCR-DEA Model 
 
Figure 2 presents an input and an output with the efficient 

frontier. Inefficient DMU achieves efficiency through 
projection to the efficient frontier. For E, point Q includes 
projection to an input-oriented model. On the other hand, point 
U represents projection to an output-oriented model. Empirical 
research indicate that it is sometimes difficult to achieve this 
great reduction of inputs or increase in outputs. Therefore,it is 
proposed that the two directions reach a compromise, wherein 
compromise represents reaching any point on the part of the 
frontier between points Q and U. 

The CCR-DEA model formulation is demonstrated as 
follows: 

 

 

 
 

                                                = 0,      r = 1,…,s  
 
 

 
 

 
       

       
           
(1) 

where: 
 
i=inputs,     i= 1,…,4 ;    r=outputs, r =1,…,4; j=DMUs, 

j=1,…,195 

 and  denote input and output slack variables, 
respectively,  

 indicates the ration of minimum input and actual input, 

denotes the value of the rth input of the jth DMU, 
(i=1,…,4) 

INTERNATIONAL JOURNAL OF ECONOMICS AND STATISTICS

Issue 4, Volume 1, 2013 211



 

 

 represents the value of the rth output of the jth DMU, 
(r=1,…,4) 

 is the non-Archiedean quantity 
 
This model can be used to estimate the input-oriented 

technical efficiency. Values of  and  
indicate that a DMU attains a 100% productivity efficiency 

and has an efficiency score of 1. Meanwhile,  
demonstrated that a DMU does not attain 100% productivity 
efficiency. That is, the input is decreased by 

 and the output is increased by 

 to achive a DMU of 1. 

III. RESULTS 

 
Assessment of the efficiency of companies in the 

pharmaceutical industry was systematically conducted through 
several interconnected levels. The efficiency analysis starts 
with the selection of inputs and outputs of the model. Testing 
of the correlation between the inputs and the outputs included 
in the model follows. Research is then expanded by 
implementing window analysis in the period from 2006 to 
2009. What follows is calculation of the results of the relative 
efficiency variation, CCR window efficiency analysis, and the 
average through the windows.   

The final R&D result originates from different R&D 
activity processes. The immediate impact of R&D on income 
and profit of a high-tech company is questionable. Therefore, 
in the framework of the conducted analysis, time shifting 
(lagging) of the investment variables in the R&D is used. 
Taking into consideration significant impact of R&D activities 
on intensive activities in terms of knowledge and technology, 
investments in the R&D represent one of the selected inputs. 
Therefore, investments in the R&D are represented as an input 
or an indicator of R&D, i.e. innovative investments, [14]-[16]. 
Investments in R&D in the framework of the following 
analysis are expressed in millions of PPP (Purchasing Power 
Parity).  

The number of R&D researchers represents the key segment 
of R&D, i.e. innovative activities [17]-[18]. Productivity of 
R&D researchers significantly contributes to strengthening of 
the above-mentioned activities. Therefore, the variable of the 
number of researchers for R&D is considered an adequate 
input of the model and subjected to time lagging..  

In most of the conducted research, export, patents, sales 
income and ROI take the place of direct outputs of R&D 
activities. Furthermore, export growth is frequently stimulated 
by a higher level of R&D activities as inputs [6], [12]. This 
fact is verified by the research results in [20] which point out 
the significance of R&D intensity. Namely, the impact is 
under the influence of increase in the number of innovative 
products and in growth of the sales of the export company.  

In this regard, in the framework of the DEA analysis in the 
paper, export value is selected as the only output of the model. 

Export activity is expressed in millions of euros. Taking all of 
the above-mentioned into consideration, it is justified to select 
the above-mentioned inputs and outputs of the model which at 
the same time have both theoretical and empirical base in the 
implementation of data envelopment analysis. Furthermore, 
the inputs and outputs may be simply analysed through the 
following mathematical function model from the aspect of an 
individual company: 

 
IZVi,t = f (IR IZDVi(t-1) , IR ISTi(t-1), O) (2) 
 
where the dependent variable IZVi,t represents export of the 

company i in the period t, the variable IR IZDVi(t-1) includes 
investments in the R&D of the company in the period t-1, 
while the IR ISTi(t-1) variable is the number of R&D 
researchers in the period t-1. O represents other impact factors 
on export. Taking into account that it takes a certain period of 
adjustment and transformation of inputs, input variables are 
lagged for one year before. It is important to point out that 
other variables, i.e. factors (gross investments in fixed capital, 
export prices, labour costs, demand) affect export activity. 
However, in this paper, efficiency is analysed exclusively 
through R&D activity. 

Conclusions of the relevant sources represent foundations 
for the selection of inputs and outputs in the analysis presented 
in the paper. Taking into consideration the assumption that 
R&D activity is relevant for production and export of the 
high-tech industry, the production branch of pharmaceutical, 
medical and herbal products is considered a representative of 
the high-tech industry.    

Therefore, two inputs are used – investments in R&D (in 
millions of PPP), and the number of the R&D employees 
marks exclusively R&D researchers of the production of 
pharmaceutical, medical and herbal products. It should be 
pointed out that a small number of inputs and outputs may be 
viewed as a potentially limiting factor of the analysis. 
However, the condition of DEA analysis regarding the number 
of analysed units and inputs/outputs is fulfilled.  

Ten decision making units i.e. pharmaceutical industries 
were selected in countries which include the Czech Republic, 
Spain, Cyprus, Hungary, Malta, Poland, Romania, Slovenia, 
and Croatia. One of the key reasons for selection lies in their 
comparability and relatively similar economic power in most 
of the selected countries. Naturally, a limiting factor of the 
DEA analysis should be pointed out, which is unavailability of 
data from other EU countries. In order to provide an objective 
assessment, industries which are more dominant than most of 
the analysed countries in terms of input costs, but also 
development, are eliminated from the implemented DEA 
method.  

In the framework of the research on production efficiency 
of pharmaceutical, medical and herbal products, data from the 
Eurostat statistical database are used [21]. The objective of the 
analysis is to compare efficiency of pharmaceutical companies 
as representatives of the high-tech industry in 2009, i.e. in the 
four-year period (2006-2009) for ten selected European 
countries. The analysis is conducted by implementation of the 
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DEA SolverPro 6.0 software. Based on the selected inputs and 
outputs, analysis of production efficiency of pharmaceutical, 
medical and herbal products (representative of the high-tech 
sector) is conducted by implementation of the Charnes-
Cooper-Rhodes model focused on inputs. Measuring of the 
correlation between the selected inputs and outputs represents 
the initial stage of the DEA. Correlation is tested on the basis 
of results of the Pearson's correlation test. By analysing the 
range of values of the correlation coefficient (0-1), 
conclusions are derived on smaller (the coefficient is closer to 
zero) or larger (the coefficient is closer to one) linear 
correlation. Table 1 below illustrates the correlation matrix of 
inputs and outputs of the production of pharmaceutical, 
medical, and herbal products.  

 
 IR IZDV IR IST IZV 

IR IZDV 1   
IR IST 0,967484 1  

IZV 0,960717 0,890062 1 
 
Table 1: The correlation matrix of inputs and outputs (2009) 
 
Table 1. shows linear correlation between the analysed 

variables, i.e. there is a correlation between the available 
inputs and outputs. Therefore, the obtained positive values 
from the correlation matrix fulfill the basic precondition of the 
DEA.  

It is necessary to learn the fact that negative values of the 
coefficient indicate a limiting factor in the efficiency 
measuring, which is not the case in this research. 

Taking into consideration the crucial role of R&D i.e. 
innovative activity of the high-tech industry and the selection 
of variables, the results of the conducted DEA are presented 
below. 

The DEA analysis is a statistical method. In other words, it 
does not include a longer period of time to which the 
combination of the selected inputs and outputs relates. This 
problem can be solved by implementation of the window 
analysis. Window analysis conditions the selection of input 
and output data on decision making units for the selected 
consecutive periods (windows). The objective of window 
analysis is to estimate the efficiency of each decision making 
unit and, at the same time, it represents a temporally 
dependent method of the DEA. The basic characteristics of 
windows analysis are based on analysing each individual 
decision making unit like they are different decision making 
units in each of the analysed years. The selected decision 
making unit is compared with itself during the analysed 
period. Table 2 below presents efficiency of the 
pharmaceutical industry in the selected countries by 
implementation of the Charnes - Cooper - Rhodes window 
analysis in the period between 2006 and 2009. 

The significance of Table 2 is reflected in the possibility to 
analyse efficiency trends of the presented pharmaceutical 
industries in the European countries. Value 1 denotes the 
maximum value, i.e. realised efficiency for the analysed 
decision making unit. For each pharmaceutical indsutry, the 

first window includes a period, i.e. 2006, 2007, and 2008. The 
analysis continues in the manner that, by introducing every 
new analysed year, the first year of the analysed period is 
eliminated from the analysis. In other words, the next window 
presents the efficiency in 2009 and eliminates 2006. the 
second window comprises 2007, 2008, and 2009. 

The analysis of aggregated average of the selected EU 
pharmaceutical companies indicates that average efficiency 
shows certain dynamics. In general terms, the analysed four-
year period is marked by a predominantly downward trend.    

 
COUNTRY/YEAR 2006 2007 2008 2009  AVERAG

E 

C-
AVERAG

E 

PORTUGAL 0,23017
1 

0,17015
4 

0,24979
2   0,216706  

  0,36178
9 

0,33613
9 

0,43467
6  0,377534 0,2971202 

MALTA 1 0,16584
5 

0,19555
3   0,453799  

  0,22797
2 

0,26939
1 

0,26509
9  0,254154 0,3539765 

THE CZECH 
REPUBLIC 

0,52790
4 

0,85022
1 1   0,792708  

  0,85930
1 1 0,70592

1  0,855074 0,8238913 

CYPRUS 0,25799
3 0,03674 0,05926

1   0,117998  

  0,05092
9 

0,08113
7 0,09436  0,075475 0,0967366 

POLAND 0,02007
6 

0,01548
4 0,01917   0,018243  

  0,02059
6 

0,02659
4 

0,02181
2  0,023001 0,0206221 

HUNGARY 0,09387
6 

0,12356
5 

0,11920
9   0,112216  

  0,13499
6 

0,12586
2 

0,13629
2  0,132383 0,1222999 

SPAIN 0,07250
9 

0,07396
7 

0,07000
4   0,07216  

  0,10160
2 

0,10048
3 

0,11433
6  0,105474 0,088817 

ROMANIA 0,04949
2 

0,06992
6 

0,05139
9   0,056939  

  0,09043
6 

0,05898
5 

0,65427
5  0,267899 0,1624189 

SLOVENIA 0,30419 0,3103 0,31292
2   0,309138  

  0,47575
4 0,47095 0,38993

2  0,445545 0,3773415 

CROATIA 1 0,75290
9 

0,67246
5   0,808458  

  1 0,94391
6 

0,16034
5  0,70142 0,754939 

AVERAGE 0,35562
1 

0,29462
4 

0,30816
2 

0,29770
5    

 
Table 2: Charnes - Cooper - Rhodes window analysis of the 

pharmaceutical industry efficiency in the selected countries  
 
Data from Table 2 may be interpreted in a more simple 

manner and analysed through the following Figure. Figure 2 
below presents relative efficiency variations and illustrates 
relative efficiency trends of the selected EU pharmaceutical 
industries. 

Based on the results from Table 2 and Figure 2, it is evident 
that relative value variations place the pharmaceutical 
industries of the Czech Republic, Croatia, and Slovenia high 
on the chart. These countried proved to be the leading 
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countries according to the achieved average efficiency results.  
 

 
 
Figure 2: Relative efficiency variations of the selected 

pharmaceutical industries  
 
The comparison of the selected countries indicates that only 

Croatian pharmaceutical industry recorded a slight downward 
trend. It is to point out that the Czech Republic achieved the 
best result; its C-average amounts 0,8238913. The Croatian 
pharmaceutical industry achieved an impressive average 
efficiency result of 0,754939, while Slovenia is characterised 
by average efficiency of 0,309138. Poland's pharmaceutical 
industry takes the last place on the average efficiency chart 
with the achieved result of 0,0206221.  

The relative efficiency analysis in the analysed period of 
four years indicates that 2006 and 2008 may be singled out as 
years with the highest average relative efficiency. This 
conclusion is logical because 2006 and 2008 precede the 
development period of the global economic crisis as one of the 
possible factors. The negative change of the analysed average 
trend may also be explained by the achieved rentability of 
R&D investments in some pharmaceutical industries.  

Table 3 below presents the relative efficiency average of 
pharmaceutical industries of the selected countries through 
two windows separately divided into three analysed years in a 
period. 

Overview of the results in the Table 3 provides the 
conclusion that the period between 2007 and 2009 is marked 
by the best results of average relative efficiency for all the 
analysed countries except Malta and Cyprus. However, in the 
examples of Malta and Cyprus, the period from 2006 to 2008 
indicates higher efficiency. What is more, there are significant 
changes evident in the average relative efficiency in most 
pharmaceutical industries of the analysed countries, and they 
are especially visible in the case of countries like Romania, the 
Czech Republic, Portugal, Malta, Croatia, and Slovenia. 

 
 
 
 
 

COUNTRY/YEAR 2006-2007-
2008 

2007-2008-
2009 

PORTUGAL 0,216705966 0,377534381 

MALTA 0,453799289 0,254153794 
THE CZECH 

REPUBLIC 0,792708422 0,855074116 

CYPRUS 0,117998021 0,075475263 

POLAND 0,018243439 0,023000832 

HUNGARY 0,112216465 0,132383352 

SPAIN 0,07216012 0,105473817 

ROMANIA 0,056939001 0,267898757 

SLOVENIA 0,309137597 0,445545305 

CROATIA 0,80845777 0,701420313 

 
Table 3: The average through the windows in the period between 

2006 and 2009  
 
In the scope of the dynamic window analysis, results of the 

period from 2006 to 2009 are monitored, while statistical 
relative efficiency analysis conditions using a minimum of one 
year. Taking into consideration that analysis of several years 
indicates greater objectivity in relation to only one year, the 
implemented dynamic analysis is taken as a reference in the 
process of reaching the research conclusions.  

IV. CONCLUSION 
The efficiency assessment is based on the implementation 

of the DEA analysis in ten pharmaceutical industries of the 
selected European countries. The analysis was conducted by 
implementation of the Charnes-Cooper-Rhodes (CCR) model 
focused on inputs. Considering the relevance of R&D 
activities in high-tech industry sectors, such as the 
pharmaceutical industry, the selection of inputs was based on 
R&D activities. On the other hand, export represented an 
output in the scope of the analysis. One of the DEA limitations  
points out the line between the selection of inputs, outputs and 
the selected group of analyses, which was definitely taken into 
consideration during the research.  

The following conclusions are made in order to improve 
efficiency of the pharmaceutical industry in the analysed 
countries: Firstly, taking into consideration that a higher level 
of rentable investments in R&D stimulates efficiency, the 
pharmaceutical industry should focus on making investments 
into the R&D. In order to achieve higher efficiency, 
companies in the pharmaceutical industry of the selected 
countries should review their own strategies and plans in order 
to readily face upcoming challenges on the foreign market. 
Companies in the pharmaceutical industry should also create 
an attractive environment for increasing investments in 
material assets, R&D, but also transfer of technology by 
foreign partners. The companies should allocate resources for 
researchers more productively by investing in the generation 
of their knowledge as well as creation of a stimulating 
environment.   

By reaching these results, the research contributed to the 
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scientific approach in the efficiency analysis of the 
pharmaceutical industry through the presentation of new 
results and their interpretation, and the implemented 
methodological approach (by using the DEA analysis). Future 
research may be complemented by including the decision 
making units, inputs and outputs significant for efficiency of 
the high-tech-, but also medium-high-tech or low-tech 
industry.  
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