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Abstract. The article deals with the application of Data Envelopment Analysis on research and development (R&D) effectiveness 
assessment of Czech manufacturing industry. The aim of this paper is to analyze effectiveness of resources spent in R&D, i.e. how 
effectively are resources transformed into marketable outputs of R&D. As variables are used R&D personnel, R&D expenditure 
and Sales of products of R&D to another entity. Data envelopment analysis is based on assessing the quantity of consumed inputs 
by the produced outputs and estimation of production possibility frontier by techniques of linear programming. Two models are 
calculated: an input oriented model with variable returns to scale and an input oriented model with constant returns to scale. 
Described approach to evaluation of R&D effectiveness can also be used in other sectors of economy as well as other countries. 
It was found that the most effective sector of Czech manufacturing industry is a manufacture of wood and paper while automo
tive industry is the least effective.
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Introduction

Effectiveness of R&D plays a key role in competitiveness 
not only in manufacturing industry but also in the who
le Czech economy regarding the fact that manufacturing 
industry is the main source of Gross Domestic product 
(GDp) of the Czech Republic. In the literature occurs se
veral ways of competitiveness assessment. Competitiveness 
at the macroeconomic level is usually assessed by a set of 
indicators. The Global Competitiveness Report 2012–2013 
assesses the competitiveness of countries through more 
than 100 indicators. potential Competitiveness Rankings 
2010 evaluates the ability of national economies to increase 
GDp per capita in the future (Schwab 2012). One possibility 
how to increase GDp is increase productivity. Constant 
productivity increase through simple cost reduction in ma
nufacturing, which usually involves reducing the number 
of jobs, is not a sustainable way. Investment in R&D and 

innovating processes, products and services is one way 
how to achieve productivity increase with the subsequent 
effect of enhancement customers’ consumption, without 
increased unemployment. Therefore, one of the indica
tors for measuring competitiveness of the economy is the 
level of investment in R&D. Competitiveness evaluation 
is economically relevant because it enables to identify all 
strengths and weaknesses of a national economy and it 
provides the basis for the creation of efficient economic 
stimulation instruments (Navickas, Malakauskaitė 2010).

The aim of this paper is to provide a comparative study 
of Czech manufacturing industry based on evaluation of 
technical efficiency of R&D personnel and R&D expendi
ture to sales of R&D products. The chosen topic is relevant 
regarding the objectives of the Europe 2020 strategy and 
Competitiveness Strategy of the Czech Republic 201220 
(Strategie mezinárodní konkurence–schopnosti ČR 2011).
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Achievement of the Lisbon Strategy objective, i.e. in
crease R&D expenditures at 3% of GDp by 2010, failed in 
the Czech Republic as well as other EU member states. A 
literature review of scientific papers relating to R&D invest
ments was performed in order to meet the aim. To evaluate 
the technical efficiency of individual manufacturing indus
try sectors a data envelopment analysis was used. The data 
source was Czech Statistical Office data sets. The facts are 
further divided according to CZNACE.

1. Theoretical approach to R&D investments

Many theoretical and empirical studies have dealt with eco
nomic aspects of R&D expenditure and investments. For 
example Meliciani (2000), Timmer (2003), Gonzalez and 
Gascon (2004) describe the effects of R&D investments. 
Innovations have a positive effect on the corporate pro
ductivity and economic growth. It is important to know 
whether R&D expenditure and investments have adequate 
returns. The effectiveness of R&D expenditure stimulation 
through indirect support was modeled in several studies, 
e.g. Atkinson (2007), Baghana and Mohnen (2009), Tassey 
(1996, 2007). Recommendations point to the need for 
restructuring the system of indirect support to increase 
corporate R&D expenditures. Simulations of European 
Tax Analyzer, that compared tax burden of companies, 
showed that support of the Czech Republic is the most 
useful one (Elschner, Ernst, Licht, Spengel 2011). In many 
publications for managers (pitra 2001, 2006; Drucker 1992; 
Košturiak, Chaľ 2008), there are mentioned concepts of 
innovation, invention, innovation management and their 
positions in strategic management. Innovation is a result 
of consistent and conscientious work of R&D personnel. 
Innovation is not just about the products, also production 
processes can be innovated. Continuous innovations are 
crucial for increasing competitiveness. Increasing number 
of competitive companies within the region improves the 
stability of the region, the social climate, increases GDp 
and contributes to raising the standard of living. Support 
for R&D, raising R&D expenditure and investment in all 
sectors are consistent with the Europe 2020 strategy and 
Competitiveness Strategy of the Czech Republic 201220. 
However, the effectiveness of these expenditures is still not 
quite resolved. 

Literature aimed at innovation describes that R&D acti
vities are influenced by many factors. Supply of qualified 
R&D personnel and highquality infrastructure are impor
tant factors for research centers (Cantwell, piscitello 2005). 
product customization of R&D to a particular market is 
influenced by its size (Mansfield, Romeo, Switzer1983; patel, 
Vega 1999). For multinational enterprises, using their tech
nological strengths and weaknesses of individual branch
es, a supportive potential of the host country is crucial 

(Kuemmerle 1997; Le Bas, Sierra 2002). Globalization of 
R&D leads to input specification (Lall 1979; Defever 2006).

2. Methods for evaluating the effectiveness  
of R&D investment

The question of investment generally relates to inves
tment effectiveness. For the evaluation of real investments 
there are many methods, such as pay back method, net pre
sent value method, internal rate of return method, econo
mic value added, etc. Measuring the effectiveness of R&D 
investments is much more complicated. In the literature, 
there are several approaches to R&D investment effective
ness measurement. First, is stochastic frontier analysis (SFA) 
defined by Aigner, Lovell and Schmidt (1977) a Meeusen 
and Van den Broeck (1977). SFA is based on estimation 
of stochastic frontier production function by econometric 
methods. SFA approach to R&D investment effectiveness 
measurement was used by e.g. Wang (2007). 

Another approach is data envelopment analysis (DEA) 
defined by Charnes, Cooper and Rhodes (1978) which is 
based on estimation of production function by techniques 
of linear programming. Data envelopment analysis was 
used for evaluation of effectiveness of R&D investment in 
work of Lee and park (2005). Czech authors Staníčková and 
Malecký (2011) used DEA to evaluate the competitiveness 
of regions. Another interesting application of the method 
DEA provides Cook, Seiford and Zhu (2004), who evaluated 
influence ebusiness activities on a performance of banks 
or post and Spronk (1999) that also used DEA to a perfor
mance benchmarking of UK universities. DEA models are 
based on the fact that for a given problem a set of options 
consisting of all possible (acceptable) combinations of in
puts and outputs exists. This set is given by a production 
possibility frontier. production units which combination 
of inputs and outputs lies on this frontier are efficient units 
because it is not expected that there could be actually a unit 
that will produce the same output with less inputs or higher 
outputs with less inputs (Jablonský, Dlouhý 2004).

Multiple criteria decisionmaking methods represent a 
valuable tool in reaching rational decisions about R&D in
vestments in the light of multiple criteria and conditions of 
risks and uncertainty. The objective of the multi criteria va
riant evaluation is, in most cases, a selection of the optimal 
(compromise) variant and creating a platform for complex 
decisionmaking processes typical for R&D investments. 
The multi criteria analysis is essentially a mathematical mo
del. The application should lead to a selection of the optimal 
variant from a group of variants feasible in a given situation. 
Optimal variants are expressed by means of a set of criteria 
that serve to select the optimal variant. Choosing the right 
criteria is an important step towards an objective assess
ment of all variants, and consequently is the determination 
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of how much weight should be given to each criterion in 
accordance with its importance. For example Analytical 
Hierarchy process with Group Decision Making methods 
was used in the work of authors Sargent and Sargent (2010). 
Jung and Seo (2010) used Analytic Network process ap
proach for the evaluation of R&D projects. The Technique 
for Order of preference by Similarity to Ideal Solution 
(TOpSIS) was applied by Chen and Zhang (2011).

3. Legislative framework for research  
and development in the Czech Republic

In the Czech Republic, the legislative support of R&D 
contains both direct and indirect support. Direct support 
is decentralized. The central administrative office for re
search and development is Ministry of Education, Youth 
and Sports. The advisory body of Czech government is 
the Research, Development and Innovation Council. 
R&D is also supported by the Academy of Sciences of the 
Czech Republic, Ministry of Defence, Ministry of Health, 
Ministry of the Interior, Ministry of Agriculture, Ministry 
of Industry and Trade and Ministry of the Environment. 
Act on the Support of Research and Development published 
as Act. No. 130/2002 Coll. has been twelve times modified 
by 2013. Currently, another two amendments are being 
prepared. Basic research is supported by the Grant Agency 
of the Czech Republic, applied R&D by the Technology 
Agency of the Czech Republic. Both agencies are funded 
as well as the ministries from the state budget. In the Czech 
Republic, indirect support for R&D (R&D tax incentives) 
has been used since 2005 on the basis of the Law on Income 
Tax Act. No. 586/1992 Coll., which allows tax allowances 
for investment in R&D. From January 1, 2015, new amend
ment of the Law on Income Tax will come into force; this 
amendment will extend and refine the use of indirect sup
port for R&D in companies. There is also a rule, that the 
same project cannot draw simultaneously indirect support 
and direct support.

Foreign investors can benefit from government con
sulting agency – Czech Trade. With the government sup
port science&technology parks and incubators are set 
up. Investments into R&D can be supported also by EU 
Structural Funds potential and Innovation.

4. DEA models

Two models are computed – an input oriented model with 
constant returns to scale (CCR model; Charnes, Cooper, 
Rhodes 1978) and an input oriented model with variable re
turns to scale (BCC model; Banker, Charnes, Cooper 1984).

The proposed model includes 15 sectors of manufactur
ing industry. Each of these sectors is considered as a homo
geneous production unit (decisionmaking unit, DMU), 
k = 15. In this model, there are 2 inputs – i = 2 (number 

of R&D personnel, R&D expenditure) and 1 output – j = 1 
(sales of products of R&D). DMUk consumes Xik of the input 
i and produces Yjk quantity of the output j. DMUq consumes 
xjq of the input i and produces yiq quantity of the output j. 

Mathematical model of primary input oriented CCR 
model (Jablonský 2002):

  (1)

on conditions:

  
(2)

  
(3)

 , (4)

 . (5)

Mathematical model of primary input oriented BCC 
model (Jablonský 2002):

  (6)

on conditions:

  (7)

  (8)

 , (9)

 ,  (10)

  – arbitrary. (11)

Where, ui and vj are individual weights assigned so as to 
maximise the efficiency of the unit and μ is a dual variable 
associated with the convexity condition . ε is infini
tesimal constant which ensures that all weights of inputs 
and outputs will be positive. 

The coefficient of technical efficiency z derived from 
the DEA model is relative, expresses efficiency of the DMU 
within the studied group of DMUs. If equal to one, it means 
that in the group there is no more effective unit. If the value 
of z is less than 1, there is at least one more DMU which is 
more effective.

The data source for input and output variables was 
obtained from a secondary sources. Relevant provider of 
secondary data is Czech Statistical Office (CSO). The effecti
veness of R&D was computed for manufacturing compa
nies. Data on specialized research centers are not included. 
Approximately just 0.65% Czech manufacturing companies 
do their own research and development. The highest, and 
during the period increasing, number of companies invol
ved in R&D is in manufacture of machinery and equipment 
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n.e.c. In the second place there is a manufacture of basic 
metals, of fabricated metal products, except machinery and 
equipment. The smallest number of companies involved in 
R&D is in manufacture of wood and of products of wood 
and cork, except furniture.

Variables are defined as follows:
 – R&D personnel include researchers, technicians, 
administrative staff and other supporting staff. The 
number of employees at 31 December in Head Count 
refers to registered number of active R&D personnel 
employed (full or parttime) at the end of reference 
year (CSO 2012).

 – R&D expenditure consists of all R&D current and 
capital expenditure made within the industry. We 
calculate only R&D expenditures that come from the 
business enterprise sector (private funds of enterpris
es, financial institutions, and employers) (CSO 2012).

 – Sales of products of R&D – results and outputs of R&D 
sold to other companies and organizations. The main 
activity of these business subjects is the production 
of goods and services for the purpose of sale for eco
nomically significant price.

5. Discussion

One of the indicators evaluating competitiveness of a country 
is the level of investments in R&D. A volume of spent funds 
monitors an indicator GERD (Gross domestic expenditure 
on R&D). There is a stable but slow increase in R&D expen
diture in the EU27. Since 2006, total R&D expenditure in 
the EU27 has increased by 9.7% to 2.03% of GDp in 2011. 
In the Czech Republic, R&D expenditure increased by 24% 
to 1.84% of GDp during 2006–2008 (Eurostat 2012).

Innovation in manufacturing and of processes are 
mainly results of applied research. However, research and 
development is not just a privilege of academic and scientific 
institutions, but it more and more expands directly to the 
business sector. Selected research sample  the manufactu
ring sector belongs to the part of Czech economy that is 
constantly productive. Manufacturing industry had 60% 
share on R&D activites in 2011, this share represents €1.06 
billion (Štamnpach 2013).

For understanding the relations among the variables 
a correlation analysis was performed in the first step, see 
Table 1. Sales of products of R&D are more positively influ
enced by human rather than financial resources.

Calculated results of CCR and BCC model were ave
raged for the period 2008–2011 and an order for each 
model was set, see appendix 1. Comparison of CCR and 
BCC models for evaluating the R&D effectiveness showed 
a comparable order of one third of sectors of manufacturing 
industry.

Manufacture of wood and paper, manufacture of basic 
pharmaceutical products and pharmaceutical preparations, 
manufacture of motor vehicles, of trailers and semitrailers, 
manufacture of other transport equipment, manufacture of 
furniture, other manufacturing, repair and installation of 
machinery and equipment had the same order according 
to CCR model as well as BCC model. The disproportion of 
two points occurred only once in the manufacture of ma
chinery and equipment n.e.c. According to the BCC model, 
this industry shared the first position with the manufacture 
of wood and paper, according to CCR model it was on the 
third position. In other cases, the difference between the 
CCR model and BCC model, was only one position.

The most effective sector of manufacturing industry, 
according to both models, was manufacture of wood and 
paper, which in real terms represents 16* companies (0.7% 
of all Czech companies engaged in the R&D or 1.3% of 
Czech manufacturing companies engaged in the R&D in 
2011). Also the most efficient is manufacture of machinery 
and equipment n.e.c., according to the BCC model. This 
part of the manufacturing industry is represented by 266 
companies (11.8% of Czech companies engaged in the R&D 
or 21.9% of Czech manufacturing companies engaged in 
the R&D in 2011). On the contrary the least efficient was 
manufacture of motor vehicles, of trailers and semitrailers 
represented by 60 companies (2.7% of Czech companies 
engaged in the R&D or 4.9% of Czech manufacturing com
panies engaged in the R&D in 2011). Inefficiency of the 
automotive industry contrasts with other statistical data. 
The automotive industry is a sector where the major share 
of R&D investment is realised and is the driver of the Czech 
economy. Export of vehicles is one fifth of total exports of 
the Czech Republic.

In 2009, 79 foreign investors set up research centres in 
the Czech Republic. Among 26 major foreign investors (in 
2012), which set up research centres, there are 14 opera
ting in the automotive industry, e.g. Behr, Bosh, Mercedes 
Benz.** Number of automotive companies which use R&D 

*  Data on the number of companies is taken from the Czech Statistical 
Office report – Research and Development Indicators 2011 (CSO 2012).

**  Czech Trade data.

Table 1. Correlation coefficients between the variables in the 
period 2008–2011 

Variable 2008 2009 2010 2011

R&D personnel
0,7530 0,7303 0,7008 0,7440

Sales of products of R&D

R&D expenditure
0,3158 0,2326 0,1046 0,0922

Sales of products of R&D

Source: own calculation based on the CSO data. 
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tax incentives has increased from 10 to 16 in a given pe
riod, an amount of invested money has increase from 
€53 349 416 € to €111 227 103 €. 26.6% of automotive com
panies involved in R&D use R&D tax incentives. According 
to DEA models, the most effective industry is manufacture 
of wood and paper; from this sector only 5 companies used 
indirect support in 2008 – 201. Invested financial resources 
significantly increased from €173 359 to €1 281 957. 31.25% 
manufacturers of wood and paper involved in R&D use 
R&D tax incentives. Automotive industry employs 141 
times more R&D personnel and spends 88 times more fi
nancial resources per one sold outcome (patent, licence etc.) 
of R&D than companies manufacturing wood and paper.

Conclusions

Investment in R&D is one of the priorities of government 
policies of developed and developing economies. R&D and 
innovation activities are a prerequisite for increasing com
petitiveness of companies, regions and countries. Efficient 
R&D is one of the priority objectives of the Czech econo
my. The volume of funds spent on R&D is presented in 
various forms of statistical indicators. In this paper, the 
R&D performance of sectors of manufacturing industry 
was compared. Secondary data of CSO were compared by 
time series and the effectiveness was evaluated by two DEA 
models – an input oriented model with constant returns to 
scale and an input oriented model with variable returns to 
scale. The results of CCR and BCC models, when compared 
as ranking, were about the same. The most effective sector 
of manufacturing industry was manufacture of wood and 
paper while automotive industry was the least effective. 
Results are limited by the fact that only three variables were 
calculated.

Influence of legislation on the effectiveness of invested 
resources into R&D is a possible topic for further research. 
It is difficult to incorporate this aspect into DEA models, 
because it is hard to measure and it is necessary to defi
ne relevant measures/indicators first. It can be assumed 
that the low efficiency of automotive industry according 
to DEA models, which has the most research centres and 
the highest total investment in R&D, is partially caused by 
the fact that these companies receives most of the direct 
support – Structural Funds and grants financed from the 
state budget and thus their economic activities are not 
under so much pressure as the companies funding R&D 
on their own. 
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APPENDIx 1. The effectiveness of sectors of manufacturing industry in 2008–2011  
(Source: own calculation based on the CSO data)

Sector of manufacturing 
industry

2008 2009 2010 2011 Average Ranking

CCR BCC CCR BCC CCR BCC CCR BCC CCR BCC CCR BCC
Manufacture of food products and 
beverages 0,42 0,52 0,18 0,37 0,68 0,81 0,5 0,94 0,4450 0,6600 6 7

Manufacture of textiles, of wearing 
apparel, of leather and related 
products

0,21 0,47 0,07 0,13 0,37 0,37 0,12 0,26 0,1925 0,3075 14 13

Manufacture of wood and paper 1 1 1 1 1 1 1 1 1,0000 1,0000 1 1
petrochemical and chemical 
industry 0,78 1 0,24 0,51 0,8 1 0,26 0,65 0,5200 0,7900 4 5

Manufacture of basic 
pharmaceutical products and 
pharmaceutical preparations

0,46 0,58 0,16 0,33 0,2 0,25 0,12 0,29 0,2350 0,3625 12 12

Manufacture of rubber and plastic 
products 0,37 0,47 0,3 0,63 0,52 0,64 0,27 0,57 0,3650 0,5775 9 8

Manufacture of other nonmetallic 
mineral products 0,56 0,71 0,22 0,46 0,6 0,63 0,27 0,42 0,4125 0,5550 8 9

Manufacture of basic metals 0,28 0,35 0,08 0,17 0,38 0,39 0,09 0,14 0,2075 0,2625 13 14
Manufacture of fabricated metal 
products, except machinery and 
equipment

0,37 0,73 0,49 1 1 1 0,6 1 0,6150 0,9325 2 3

Manufacture of computer, 
electronic and optical products 0,42 0,67 0,26 0,68 0,59 0,62 0,42 0,76 0,4225 0,6825 7 6

Manufacture of electrical 
equipment 0,51 1 0,37 1 0,47 0,55 0,45 0,92 0,4500 0,8675 5 4

Manufacture of machinery and 
equipment n.e.c. 0,59 1 0,32 1 0,91 1 0,51 1 0,5825 1,0000 3 1

Manufacture of motor vehicles, of 
trailers and semitrailers 0,15 0,29 0,07 0,26 0,07 0,09 0,04 0,1 0,0825 0,1850 15 15

Manufacture of other transport 
equipment 0,46 0,59 0,18 0,38 0,27 0,34 0,13 0,34 0,2600 0,4125 11 11

Manufacture of furniture, other 
manufacturing, repair and 
installation of machinery and 
equipment

0,36 0,57 0,2 0,57 0,38 0,49 0,21 0,55 0,2875 0,5450 10 10
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