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Abstract: This paper presents a regional application of the Global Entrepreneurship and 
Development Index (GEDI) methodology of Acs et al. (2013) to examine the level of 
entrepreneurship across Hungary’s seven NUTS-2 level regions. The Regional 
Entrepreneurship and Development Index (REDI) has been constructed for capturing the 
contextual features of entrepreneurship across regions. The REDI method builds on a 
Systems of Entrepreneurship Theory and provides a way to profile Regional Systems of 
Entrepreneurship. Important aspects of the REDI method including the Penalty for 
Bottleneck analysis, which helps identify constraining factors in Regional Systems of 
Entrepreneurship, and Policy Portfolio Optimization analysis, which helps policy-makers 
consider trade-offs between alternative policy scenarios and associated allocations of 
policy resources. The paper portrays the entrepreneurial disparities amongst Hungarian 
regions and provides public policy suggestions to improve the level of entrepreneurship 
and optimize resource allocation over the 14 pillars of entrepreneurship in the seven 
Hungarian regions. 
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1 Introduction 

Entrepreneurship as a major driver for economic development, growth, 
competitiveness, employment, productivity and innovation has been gaining 
increasing importance over the last thirty some years. (Acs 2008; Acs et al. 2008; 
Carree – Thurik 2003; Braunerhjelm et al. 2009). However, the extent and the 
magnitude of its influence varies across countries and regions (Acs 2010; 
Audretsch – Fritsch, 2002; Fritsch – Schmude 2006). The reasons behind that is 
start-up rates as well as post-entry firm performances are influenced by contextual 
institutional and regulatory features, input and product market structures and the 
quality of human capital. Furthermore, agglomeration factors such as clustering, 
proximity to vital infrastructures, connectivity to major markets shape further the 
entrepreneurial climate and innovation milieu of the regions (Audretsch – 
Feldman 1996; Boschma – Lambooy 1999; Andersson et al. 2005). The start-up 
rate of new businesses forms the industry composition and, hence, influences 
regional growth and contributes to regional disparities (Feldman and Audretsch 
1999; Feldman 2001; Audrestch – Fritsch 2002; Acs – Varga 2005; Fritsch – 
Mueller 2007).  
Interestingly, even entrepreneurship has gained quick and ardent acceptance from 
practitioners in the policy agenda, since its appearance, entrepreneurship policy as 
quasi-independent field apart from public and small business policy has been 
emerging just recently (Lunström – Stevenson 2005). This policy evolution was 
mainly constrained and influenced by the availability of data1. Although the role 
of entrepreneurship in economic development is gradually becoming clearer, the 
understanding of policies to harness the potential of entrepreneurship remains 
underdeveloped. This controversy is largely explained by the discrepancy between 
the definition and the measure of entrepreneurship. While the complex and 
multidimensional nature of entrepreneurship is widely accepted (Wennekers – 
Thurik 1999) major measures of entrepreneurship are still one-dimensional 
(Iversen et al. 2008). The most frequently used start-up, ownership and business 
density rates are problematic because they do not differentiate between the quality 
and the quantity aspects of entrepreneurship (Acs – Szerb 2012; Shane 2009). 
Therefore, the latest theoretical findings imply deviating from simple 
entrepreneurship measures to more complex indicators and indices that relate 
positively to economic development. Moreover, single measures also miss to 

                                                             
1  Following earlier initiatives such as the Observatory of European SMEs, consistent 

data collection about new firm formation just started less than 15 years ago. One of 
the pioneers was the Global Entrepreneurship Monitor launched in 1998 (Reynolds et 
al. 2005). A measure of the regulatory and institutional framework of new firms is the 
World Bank's Ease of Doing Business index. In the mid-2000s, OECD launched an 
entrepreneurship measure program based on a comprehensive, multidimensional 
definition of entrepreneurship (Hoffman et al. 2006).  
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identify the effect of national and contextual factors that could also very according 
to the stages of economic development (OECD 2007). The Global 
Entrepreneurship and Development Index (GEDI) project came to alive to provide 
a suitable measure of entrepreneurship based on the multidimensional definition of 
entrepreneurship and to present a useful platform for policy analysis and outreach. 
The distinguished features of GEDI are (1) the contextualization of individual-
level data by a country's institutional conditions; (2) the use of 14 context-
weighted measures of entrepreneurial Attitudes, Abilities and Aspirations; (3) the 
recognition that different pillars combine to produce system-level performance; 
and (4) the consequent recognition that national entrepreneurial performance may 
be held back by bottleneck factors - i.e. poorly performing pillars that may 
constrain system performance (Acs et al. 2013).  
The first attempt to adapt the GEDI methodology to measure regional 
entrepreneurship, the Regional Entrepreneurship and Development Index (REDI) 
has been constructed for capturing the contextual features of entrepreneurship 
across NUTS-2 level Spanish regions (Acs et al. 2012). In the present paper, we 
provide a further development of the GEDI and REDI methodologies and their 
application for measuring regional level entrepreneurship in seven NUTS-2 level 
Hungarian regions. As a result of the original GEDI methodology improvement, 
the amended technique makes possible to balance out and optimize the resource 
allocation of the 14 pillars of entrepreneurship. Similar to the Spanish regional 
analysis, this version is also capable to offer tailor-made policy suggestions for the 
seven Hungarian regions by identifying the weaknesses of the regional 
entrepreneurial climate and individual factors.  
The structure of the paper is the following: the next section of the paper is about 
the regional adaption of the GEDI methodology including the new development. 
In section three, this is followed by the results of the analysis and policy 
discussion. Finally in section four, the paper concludes with a summary.  

2 The regional adaptation of GEDI 

2.1 The Global Entrepreneurship and Development Index 
(GEDI) 

GEDI views entrepreneurship as part of a National System of Entrepreneurship 
(Acs et al. 2013). As such entrepreneurship occurs in response to the dynamic, 
institutionally embedded interaction between entrepreneurial attitudes, abilities, 
and aspirations, by individuals, which drives the allocation of resources through 
the creation and operation of new ventures.  
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GEDI is based on twenty-eight variables which make up fourteen pillars further 
divided into three sub-indices: attitudes (ATT), abilities (ABT) and aspiration 
(ASP). The abilities and aspiration sub-indices capture actual entrepreneurship 
activities as they relate to nascent and start-up businesses, while the 
entrepreneurial attitude (ATT) sub-index identifies the attitudes of a country's 
population as they relate to entrepreneurship. Each of the fourteen pillars contains 
an individual and institutional variable2 The GEDI index also applies the novel 
Penalty for Bottleneck (PFB) methodology which facilitates the identification of 
bottlenecks relevant for policy development3.  

2.2 The Penalty for Bottleneck4  

We have defined entrepreneurship as the dynamic interaction of entrepreneurial 
attitudes, abilities, and aspirations and developed the Penalty for Bottleneck (PFB) 
methodology for measuring and quantifying these interactions (Acs et al. 2013). 
Bottleneck is defined as the worst performing weakest link, or binding constraint 
in the system. With respect to entrepreneurship, by "bottleneck" we mean a 
shortage or the lowest level of a particular entrepreneurial indicator as compared 
to other indicators of the sub-index. This notion of bottleneck is important for 
policy purposes. Our model suggests that attitudes, ability and aspiration interact; 
if they are out of balance, entrepreneurship is inhibited.  
The sub-indices are composed of four or five components, defined as indicators 
that should be adjusted in a way that takes this notion of balance into account. 
After normalizing the scores of all the indicators, the value of each indicator of a 
sub-index in a country is penalized by linking it to the score of the indicator with 
the weakest performance in that country. This simulates the notion of a bottleneck; 
if the weakest indicator were improved, the particular sub-index and ultimately the 
whole GEDI would show a significant improvement. Moreover, the penalty 
should be higher if differences are higher. Looking from either the configuration 
or the weakest link perspective it implies that stable and efficient sub-index 
configurations are those that are balanced (have about the same level) in all 
indicators. 
Mathematically, we model the penalty for bottlenecks by modifying Casado-
Tarabusi and Palazzi (2004) original function for our purposes. The penalty 
function is defined as:  

     (1) 

where   is the modified, post-penalty value of index component j in country i 

                                                             
2        see Appendix 1, 2 and 3 for the complete GEDI framework. 
3  For the description of the full methodology see Acs and Szerb (2011). 
4  This methodological section is based on Acs and Szerb (2011, 2012). 



L. Szerb, É. Komlósi, Z. J. Ács, R. Ortega-Argilés 
Measuring Regional Entrepreneurship in Hungary 

 

 53 

  is the  normalized value of index component j in country i  

  is the lowest value of   for country i. 
i = 1, 2,……m = the number of countries 
j= 1, 2,.……n = the number of index components 

We suggest that this dynamic index construction is particularly useful for 
enhancing entrepreneurship in a particular country. There are two potential 
drawbacks of the PFB method. One is the arbitrary selection of the magnitude of 
the penalty. The other problem is that we cannot exclude fully the potential that a 
particularly good feature can have a positive effect on the weaker performing 
features. While this could also happen, most of the entrepreneurship policy experts 
hold that policy should focus on improving the weakest link in the system. 
Altogether, we claim that the PFB methodology is theoretically better than the 
arithmetic average calculation. However, the PFB adjusted GEDI is not necessary 
an optimal solution since the magnitude of the penalty is unknown.  

2.3 The Regional Adaptation of the Global Entrepreneurship 
and Development Index 

In order to use the GEDI index for a regional analysis, the data and variable used 
must be adapted to reflect regional conditions. The first attempt for such an 
adaption has been done by Acs et al. (2012) using regional data for Spain. In this 
paper, we follow the Acs et al. (2012) for the creation of the 14 pillars but use an 
amended version of the GEDI methodology that adjusts the individual pillar 
averages before penalizing then.  
The main concern for the individual variables used is the availability of a 
representative sample size for each of the seven Hungarian regions5. However, the 
adaption of institutional variables for regional analyses is more complicated. 
Ideally, we would use the same variables for the regional analyses as we do for the 
country level analysis. Unfortunately, most institutional variables are not available 
for specific regions. Several options exist to overcome this limitation. One 
possible solution is to use closely correlated regional proxies to substitute for a 
missing variable. Another possible solution is to simply use the same country level 
institutional variables for all regions. In these cases where this method is used, the 
pillar level value would correspond entirely to the variations in the individual level 
variable used. Though the institutional variance would be missing, it is likely that 
the variance of the institutional variables within a country is much lower than the 

                                                             
5  While it was not a problem for Spain that had a regionally representative sample, we 

had to use a pooled data set of the GEM 2008-2012 Adult Population Survey reaching 
a sample of 10 000, in total. For a detailed discussion regarding the methodology used 
for GEDI country analyses see Acs et al. (2012). 
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variance between countries. In light of the lack of regional institutional level data 
for five GEDI pillars, we applied a mixed method, incorporating all three 
alternative approaches6. The idea behind the regional entrepreneurship index 
construction is to find regional level institutional data that are available also in the 
country level. If the regional institutional data are lacking then country level 
institutional data can be applied. Out of the 14 institutional variables, we apply for 
the entrepreneurship index construction 9 variables which are available in the 
NUTS-2 regional levels7. As a consequence, real Hungarian regional differences 
may be higher than our analysis shows. The overall regional level 
entrepreneurship and development index for the Hungarian regions are calculated 
as benchmarking the country level pillars. While this combined methodology 
makes possible to contrast the entrepreneurial performance of the Hungarian 
regions to other countries, it is more appropriate to compare the regions to one 
another. For calculating the country and the regional level index values the 
following steps are applied. First, after handling the outliers we normalize the 
pillar values: 

                 (2) 
for all j= 1,..m the number of pillars  

where  is the normalized score value for  country or region i and pillar j 

 is the original pillar value for  country and region i and pillar j 

 is the maximum value for pillar j 
Let’s calculate the average of each of the 14 pillars as  

   for all j  (3) 
where xi is the normalized score for country or region i for a particular pillar.  

 is the arithmetic average of the pillar for number n countries and regions 
The average of the 14 pillars average is the following: 

                 (4) 

                                                             
6  The detailed description of all of the variables and sources can be found in Appendix 

1 and Appendix 2. 
7  Over the last decades, it has been an increasing movement in the European Union to 

collect institutional variables not only at the country, but also at the regional levels 
(NUTS-1, NUTS-2 and NUTS-3). This increasing data collection activity provides a 
unique opportunity to construct an entrepreneurship index similar to the national 
GEDI. See the Eurostat regional database: http://epp.eurostat.ec.europa.eu  
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We want to transform the xi values in such a way to preserve that the minimum 

value is 0 and the maximum value is 1 and the average of the transformed value  

( 0 1iy< ≤
).  

The task can be divided into two non-trivial parts as: 

(a) x y<  
(b) x y>  

In case (a) the average is higher and incase (b) the average is lower than the 

original pillar averages. If    then the solution is trivial. 

(a) case: x y<  

( )11 1
1i i
yy x
x

−= − −
−

w

       (5) 

(b) case: x y>  

     (6) 
 

where k  is the number of units having originally the value 1. After the 

transformation iy  cannot be smaller than 
k
n . 

 
3 Results 

3.1 Hungary’s regions compared at the GEDI aggregate level  

The relative rankings of Hungary’s seven regions based on their aggregate GEDI 
scores as compared to 84 other countries are shown in Table 1. The regional 
scores are quite heterogeneous, while the scores and rankings for them range from 
at the high end, 47.7 for Central Hungary which is ranked in 31st place to 36.1 at 
the low end for Southern Great Plain which is ranked in 63rd place. In terms of 
country comparisons, Central Hungary's score ranks it at a level similar to Latvia 
and Turkey, while Southern Great Plain's ranking is similar to Dominican 
Republic and Panama.  
.  
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Table 1  

The GEDI 2006-2011 ranking:  Countries and Hungary’s regions compared 
Key: Hungary's ranking is shown in bold and Hungary's regional rankings are shaded. 

Source: the authors’ own construction. 

We can state that the GEDI rankings of the regions reflect roughly their well-
known ranking relating to regional disparities. Only the position of Central 
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Transdanubia deviates from the expected position. In terms of GDP per capita 
Central Transdanubia possess a better position, usually being placed directly after 
Western Transdanubia. However, according to the latest report of the Hungarian 
Central Statistical Office, Central Transdanubia’s position has worsened lately. 
For example, both the FDI and the attracted overall investment to Central 
Transdanubia seriously decreased in 2011 (KSH 2012) 

In order to better understand the numbers behind the overall ranking, we provide 
Hungary's regional rankings for the three GEDI sub-indices, shown in Table 2:  
Entrepreneurial Attitudes (ATT), Entrepreneurial Abilities (ABT) and 
Entrepreneurial Aspirations (ASP). These sub-indices make up the overall GEDI 
score and address specific issues regarding entrepreneurship development.  As 
depicted in Table 2, regional differences are the highest for the Entrepreneurial 
Attitudes. If we look at the top 3 ranking regions for all three sub-indices, we find 
that Central Hungary (including Budapest), Western Transdanubia and Southern 
Transdanubia hold the positions for Entrepreneurial Attitudes (ATT) and for 
Entrepreneurial Abilities (ABT). In the case of Entrepreneurial Aspiration (ASP), 
Central Hungary (including Budapest) takes the 1st place, while Northern 
Hungary holds the 2nd and Southern Transdanubia the 3rd. 

 
Table 2  

Hungarian regions relative position: sub-index level and GEDI 
Source: the authors’ own construction. 

3.2 Hungary's regions compared at GEDI's pillar level 

In this section, we focus on the analysis of Hungary's 7 regions at the pillar level. 
Table 3 shows the pillar values for Hungary's regions and includes two additional 
useful benchmarks: the average pillar values for the most advanced innovation 
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driven economies8 and the average value of Hungary's 7 regions. We also identify 
the most favorable and the least favorable pillar value for each region and 
benchmark.  

 

Table 3  
Hungarian regions relative position: pillar level 

Key: Opportunity Perception (1); Startup Skills (2); Non-fear of Failure (3); Networking (4); Cultural 
Support (5); Opportunity Startup (6); Tech sector (7); Quality of Human Resources (8); Competition 
(9); Product Innovation (10); Process Innovation (11); High Growth Firm (12); Internationalization 
(13); Risk Capital (14). 
Innovation-driven countries: Source: The Global Competitiveness Report 2010-2011, page 11.  List of 
innovation-driven countries: Australia, Austria, Belgium, Canada, Cyprus, Czech Rep., Denmark, 
Finland, France, Germany, Greece, Hong Kong, Iceland, Ireland, Israel, Italy, Japan, Korea Rep., 
Luxemburg, Malta, Netherland, New Zealand, Norway, Portugal, Singapore, Slovenia, Spain, Sweden, 
Switzerland, United Arab Emirates, United Kingdom, United States. GEDI 2010 country scores are 
available only for countries in italics. 
* = pillars where the institutional variable used is the same for all 7 regions 

Source: the authors’ own construction. 

The least overall regional pillar variance (0.01) was found in the case of the pillar 
capturing the regional entrepreneurial culture (CULTURAL SUPPORT), implying 
a relatively equal acceptance and recognition of the role of entrepreneurs 
throughout the 7 regions. While the overall regional pillar variance in the case of 

                                                             
8  Innovation driven economies are defined according to the World Competitiveness 

Survey categorization (Porter – Schwab 2008).  
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the pillar relating to the start-up skills (STARTUP SKILLS) appears to be quite 
large (0.25), since it ranges from 0.27 (Central Transdanubia) to 1.00 (Central 
Hungary). Examining the least favorable indicators, we see the difficulties facing 
Hungarian businesses across the regions to recognize and utilize good business 
opportunities and ideas exemplified by the OPPORTUNITY PERCEPTION pillar 
which is the weakest pillar in all regions. Since OPPORTUNITY PERCEPTION 
belongs to the ATT sub-index, it explains the generally weak performance of 
Hungary and the Hungarian regions in entrepreneurial attitudes. While 
OPPORTUNITY PERCEPTION appears to be the weakest pillar of the 
innovation-driven economies as well, but the difference is substantial. The 
innovation driven country average is 0.53, and the Hungarian regional average is 
0.19 (Hungary 2008-2012). 

3.3 A simulation on how to improve entrepreneurship in the 
Hungarian regions 

An important implication of the GEDI is related on how to improve of the 
entrepreneurship scores. According to the PFB methodology the best progress can 
be achieved by abolishing the bottleneck, the weakest performing pillar. However, 
we should remember that the National System of Entrepreneurship is a dynamic 
system: if you alleviate one bottleneck, another factor soon becomes the most 
binding constraint for system performance. This raises the question of ’optimal’ 
allocation of policy effort.  
We simulated a situation in which all the Hungarian regions increased their 
allocation of entrepreneurship policy resources in an effort to gain 1% 
improvement in their entrepreneurial performance, as captured by the GEDI 
Index. The Penalty for Bottleneck method used in the GEDI index calculation 
implies that the greatest performance enhancement will be achieved when 
additional resources are always allocated to alleviating the most constraining 
bottleneck. Once the bottleneck pillar has improved sufficiently so as to no longer 
constitute the most important constraint to system performance, further resource 
additions need to be allocated to the next most severe bottleneck. We iterated this 
procedure until an overall GEDI Index performance of 1% in every country had 
been achieved. This simulation is based on two important assumptions: (1) we 
allocate additional resources over current resource allocation; and (2) the cost of 
improving performance is equal for all pillars. The result of the simulation is 
shown in Table 4.  
 

This simulation produces a more nuanced picture of the required allocation of 
policy effort, if policy were to be optimized to maximize the GEDI index value. 
We can see that to improve the 2008-2012 Hungary’s GEDI index score by 1%, 
an ‘optimal’ effort allocation would call for a 31% improvement in the 
OPPORTUNITY PERCEPTION pillar, a 20% in the PROCESS INNOVATION 
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pillar a 13% in the PRODUCT INNOVATION pillar and 12% in the CULTURAL 
SUPPORT pillar.  Of the remaining effort, our simulation suggests that 8% should 
be allocated to TECH SECTOR and 6% to COMPETITION. Less than 5% new 
effort is necessary to enhance NON-FEAR OF FAILURE pillar and QUALITY 
OF HUMAN RESOURCES pillar.  Although, looking at Table 4 it is apparent 
that the ‘optimal’ policy mix is different for the 7 regions of Hungary, all regions 
need to improve the OPPORTUNITY PERCEPTION pillar: for example, for 
Central Hungary there is necessary to focus only the 22% of new resources on this 
pillar, while for South Transdanubia requires the 52%, all the other regions are 
between these two extremes. The regions are also differing regarding their 
required total efforts to improve their GEDI score by 1%: for Southern 
Transdanubia there are only 0.63 new resources necessary, while for Central 
Hungary 1.05. 
 

Table 4 
 Simulation of ‘optimal’ policy allocation to increase the GEDI score by 1% in the Hungarian regions 

Legend: A: Required increase in pillar; B: Percentage of total effort  Variables from 1 to 14 are the 
same as in Table 3. Source: the authors’ own construction. 

Source: the authors’ own construction. 

Conclusions 

Over recent years, increasing attention has been paid to the role that regional level 
factors play in driving entrepreneurship and thereby regional and national 
development. Within the EU an important aim is to decrease regional inequalities. 
Despite enormous efforts, regional disparities in many countries have been 
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increasing. The examination of the drivers of entrepreneurship at the regional level 
may explain some of the reasons for these continuing regional inequalities. 
In this paper, we adapted the GEDI Index to a regional analysis of Hungary's 7 
regions. While the Hungary's regional GEDI values are calculated in the same way 
as would be those of independent countries, our analysis focuses on comparing the 
Hungarian regions to each other. The Hungarian regions are investigated in terms 
of the GEDI, the sub-index as well as in the pillar level. According to the regional 
GEDI scores, Central Hungary has a relative better position, while the remaining 6 
regions do not differ from each other regarding their entrepreneurial attitudes, 
abilities or aspirations to a great extent. 
The Hungarian regions are found to be particularly weak in the entrepreneurial 
attitudes and aspiration related pillars. On the one hand, the results show that 
Hungarian firms exhibit reduced levels of innovation activity. Some of the causes 
can be found in the economic structure of Hungarian firms which are focused 
mainly in services and also the lags in their incorporation of new technologies. 
Taken together these all have a negative effect on the productivity and growth of 
firms. Approximately 2/3 of the R&D expenditures were concentrated in the 
Central Hungarian region in 2011. Considerable research activity can be found in 
Northern Great Plain and Southern Great Plain as well, due to their quite large 
research bases relating to traditional sectors (e.g. agriculture) (KSH 2012). 
Finally, the analysis based on the individual characteristics of Hungarian 
entrepreneurs (potential entrepreneurs) shows that Hungarian entrepreneurs lack 
of start-up skills and generally also exhibit a negative attitude towards the 
potential economic or business opportunities.  The number of existing firms is one 
of the most important indicators of economic performance. The expansion of firms 
compared to the last year is quite modest (only 2.7%). Central Hungary can be 
characterized by the highest firm density, while the expansion in the number of 
existing firm in Northern Hungary, Southern Hungary and Central Transdanubia 
was restrained. (KSH 2012).  
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