
 6th Central European Conference in Regional Science – CERS, 2017  - 146 - 

 

Public sector initiatives in supporting the innovation efficiency – the 

case of Slovakia 
 

 

GRAŻYNA BEATA KOZUŃ – CIEŚLAK  

Kazimierz Pulaski University of Technology and Humanities in Radom 

29, Malczewskiego, 26-600 Radom 

Poland 

g.kozun@uthrad.pl 

 

MÁRIA MURRAY SVIDROŇOVÁ 

Matej Bel University in Banska Bystrica  

Tajovského 10, 975 90 Banská Bystrica 

Slovakia 

maria.murraysvidronova@umb.sk 

 

 

Abstract 
The article deals with the innovations in general and specifically with the role of public sector innovations in 

increasing the innovation performance of a national economy. The goal of the article is to analyse innovation 

performance of selected countries (EU28) using Data Envelopment Analysis (DEA) and based on the analysis show 

possible ways of increasing efficiency with public sector innovations. We focus on the case of Slovakia, where the 

results of DEA proved that an increase in Creative outputs is necessary in order to improve the innovation 

performance. The main results indicate that non-governmental organizations are engines of innovations in public 

sector.  
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1 Introduction 
Historically, the economic theory paid attention to the macroeconomic dimension of innovation. 

Initially, the economic theory dealing with the economic substance of innovation was built on the 

work of Rosenberg (1976, 1994) who understands innovation as a technological change. 

Schumpeter (1937, 1943, 1951) stated that innovation is a new combination of production factors 

by which new products and services are put on the market which increases productivity and 

economic growth. Solow (1957) expanded understanding of the capital for a human component. 

Thus, education, research and development become important. The result of research and 

development is technological progress as an endogenous factor of economic growth. Current 

understanding of innovation in economic theory describe innovation as creation of a new or 

improved product/service that better reflects the needs of the consumer or the introduction of new 

production, management or marketing methods to increase the effectiveness and efficiency of the 

product or the provision of services (e.g. Drucker, 1993, Mokyr, 2009, Rosenberg, 2010; Wolak-

Tuzimek, 2016). 
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The innovation process requires legitimacy (Wilson, 1989), political sustainability (Moore, 

Hartley, 2008), strengthening democratic values (Bason, 2010) and respect for the needs of citizens 

(Korteland & Bekkers, 2008). Innovation in the public sector should bring in the provision of public 

services not only economic value but also legal and democratic values. 

 

In relation to public sector, the innovation can be understood as the development of public services 

towards better meeting of the needs based on the modification of the status of entities / actors in 

the system of public services provision (Osborne, Brown, 2005; Mulgan, Albury, 2003 Hartley, 

2005). These entities are able and willing to learn, to improve their work and cooperate with each 

other (Von Hippel, 2007). The innovation of public service must meet the needs of the public or 

needs of society or a particular community whose members are involved in the process of creation 

and implementation of innovation. 

 

According to Sørensen and Torfing (2011), public innovation takes place through collaboration 

with different stakeholders. As a result, innovation is always relative to its context. This context 

consist of elements such as 1) the political and administrative context, 2) the legal culture within 

the public sector, 3) state governance and civil service tradition and 4) resource allocation and 

resource dependency.  

 

Participation of citizens, as final consumers of public services, has an irreplaceable role in the 

innovation process. Innovation aims to “shape” the public service following the needs of its 

consumers – citizens. Therefore the direct participation of citizens in the innovation process and 

consequently its introduction into practice is of great importance in respect of the success of the 

innovation process (Borins, 2008 , Fuglsang, 2008; Von Hippel, 2007).  

 

Public sector innovation has framed transformation within the public sector in order to enhance 

public values, such as effectiveness, efficiency and legitimacy (Voorberg et al., 2014). In social 

innovation the production process of public services is considered as 1) an open process, with the 

involvement of end-users in the design and development of goods and services (Chesbrough, 2003; 

Von Hippel, 2007) and 2) a change of the relationships between involved stakeholders (Bekkers, 

Tummers, Stuijfzand & Voorberg, 2013). One of the central elements in the concept of social 

innovation is active participation of citizens and grass roots organizations in order to produce social 

outcomes that really matter (Bason, 2010).    

 

All these steps of public sector innovations in public sector lead to increase of creative outputs, 

which is one of the measures of outputs in the Global Innovation Index (GII). There are five input 

composite measures - pillars capturing elements of the national economy that enable innovative 

activities: Institutions (INST), Human capital and research (HC&R), Infrastructure (INFR), Market 

sophistication (MSOP) and Business sophistication (BSOP) and two output composite measures - 

pillars capturing actual evidence of innovation outputs: Knowledge and technology outputs 

(K&TO) and Creative outputs (CROU). For details, see the Global Innovation Index Report 2016. 

Each pillar is divided into sub-pillars and each sub-pillar is composed of individual indicators: 82 

in total (for details see: Global Innovation Index Report 2016, pp. 305-406). The creative outputs 

are part of the innovation outputs in GII. Therefore, we focus on analysis of innovation 

performance in selected countries in order to determine the efficient countries and to identify fields 

for improving the innovation efficiency. 
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2 Empirical framework and methodology 
The goal of the article is to analyse innovation performance of selected countries (EU28) using 

Data Envelopment Analysis (DEA) and based on the analysis show possible ways of increasing 

efficiency with public sector innovations.  

 

In the first part, the article comprises the innovation performance of 28 member states of the 

European Union in 2016. The efficiency of EU states in transforming innovative inputs into 

innovative outputs will be assessed based on an identical set of indicators, which have been used 

in the Global Innovation Index Report 2016 (Dutta, Lanvin and Wunsch-Vincent, 2016). The 

second part focuses on examples of public sector innovations in Slovakia, where we use partial 

results of LIPSE research project (Learning from Innovation in Public Sector Environments). 

 

DEA was developed by Charnes, Cooper and Rhodes (Charnes et al., 1978). This non-parametric 

method assumes the existence of a convex production frontier. The production frontier in the DEA 

approach is constructed using linear programming techniques. DEA identifies a frontier on which 

the relative performance of all decision-making units (DMUs) in the sample can be compared - 

DEA benchmarks analysed DMU only against the best ones which form the frontier of efficiency. 

A DMU is recognized as 100% efficient (DEA efficiency measure δ = 1) when comparisons with 

other DMUs in a sample do not provide evidence of inefficiency in the use of any input or output. 

If DMU is not at the frontier that means it is inefficient - its distance from the frontier determines 

the level of inefficiency and DEA efficiency measure δ < 1. Since 1978, there has been rapid and 

continuous growth in the field of DEA and a considerable amount of published research has 

appeared, focused on DEA efficiency computations in both public and private sector activities (e.g. 

Emrouznejad et al. 2008). 

 

Over the years, the group of DEA models has been enriched by non-radial models, i.e. taking into 

account other than Farrell's (radial) way of measuring distances from the efficiency frontier. The 

non-radial approach has the advantage that it allows to avoid the so-called Farrell’s weak efficiency 

(apparent efficiency). These DEA models are known as slacks-based measures (SBM). 

 

Another modification to DEA models is the super-efficiency (SE) approach, which allows avoiding 

redundancy of efficient leaders. The super-efficiency model is identical to the standard model, 

except that the DMU under evaluation is excluded from the reference set. Super-efficiency DEA 

models rank efficient DMUs and efficiency indicators may be greater than 1 (suggesting “over-

efficiency”). 

 

In this study, the super-efficient and output-oriented DEA slacks-based model with the assumption 

of variable returns to scale (DEA SE-O-SBM-V) will be applied (for the mathematical foundations 

see: Cooper et al., 2007). 

 

In the second part, the paper deals with concrete examples of innovations in public sector that can 

improve the innovation performance in Slovakia as one of the authors is from Slovakia. The second 

part uses partial results from a research project LIPSE (Learning from innovations in public sector 

environment), where we used qualitative methods to analyse social innovations in public services 

delivery. We followed three main selection criteria, given by this project, when identifying eligible 

cases: 
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 Citizens involved as co-designer or initiator - within the selected cases, citizens were at least 

involved at the start of the co-creation initiative.  

 Cases from policy sectors public welfare or rural/urban regeneration - by innovation within the 

‘welfare’ sector we mean innovations aimed at improvements within the social infrastructure. In 

the rural/urban regeneration sector we focused on innovations within the physical infrastructure 

(improving the liveability of neighbourhoods/boroughs by innovations in housing or the 

(re)decoration of the public space).   

 Possible to specify the outcomes of co-creation processes - selected cases should involve co-

creation initiatives which are not anymore in the starting phase but have delivered (some) results. 

 

3 Results 
In this part, we present results of the DEA analysis and show possible ways of increasing efficiency 

with public sector innovations for Slovakia. 

 

3.1 DEA computation results 

The Table 1 and Figure 1 present DEA super-efficiency scores for output-oriented, slacks based 

model with the assumption of variable returns to scale (DEA SE-O-SBM-V). In the language of 

DEA interpretations, DEA scores show the relative technical efficiency of each state in the sample.  

On the bases of DEA calculations, 14 economies have been identified as efficiency leaders (black 

bars on the Figure 1): these are seven new EU member states (Estonia, Latvia, Cyprus, Romania, 

Malta, Bulgaria, Hungary) and seven old ones (Luxembourg, Sweden, UK, Germany, Ireland, 

Portugal and Greece). DEA scores are comprised between δ=1.14 and δ=0.79 and the coefficient 

of variation equals 9% which means low diversity. The most over-efficient state in DEA terms is 

Luxembourg. In turn, Lithuania is the state, which shows the highest relative DEA inefficiency 

amounted for 21%. Slovakia, which is the state of our core interest in this study, shows just 5% 

DEA inefficiency (Figure 1). 

 
Figure 1 DEA efficiency scores – calculated as Output-Oriented Super Efficient Slacks Based Model with 

Variable Returns to Scale (DEA SE-O-SBM-V). 

 
Source: Own work based on data from Table A1 (see δ scores). 

 

Comparing DEA efficiency scores to Innovation Efficiency Ratio (IER) presented in the GII 

Report, we can notice that these two approaches deliver quite similar results – the Pearson 
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coefficient equals 0.61 and means a medium strong correlation. Nine top states in the IER ranking 

have been also recognized as DEA-efficient ones. The biggest differences concern to the position 

of Greece and Romania: the GII Report ranks Greece as the most inefficient state and Romania 

also has been positioned below the lower quartile. 

 

Our output-oriented DEA model allows to project the increase of output that will leads every 

inefficient object in the sample to become an efficient DMU. In other words we can identify output-

derived sources of country’s inefficiency. 

 

The Figure 2 shows 14 DEA-inefficient economies and output-derived causes of their inefficiency. 

The values on the vertical axis reflect coefficients ψ (see Table A1) that show how many percent 

each inefficient DMU could increase its outputs to became an efficient object. 
 

Figure 2 Output-derived sources of inefficiency estimated on the basis of DEA computations 

 
Source: Own work based on data from Table A1 (see ψ). 

 

Based on the DEA projections we can recommend some most significant fields for improving the 

innovation efficiency for each analysed state as follows (we arbitrary decided to omit the 

recommended changes when they are lower than 5%). 

 

- Austria should search its sources of inefficiency in increasing both output indicators by approx. 

17%-20%. 

- Belgium should increase CROU by approx. 24%. 

- Croatia should search its opportunities to become efficient country in increasing both output 

indicators by 20%-23%. 

- Czech Republic should concentrate itself on increasing CROU by only 7%. 

- Denmark could move itself to the DEA efficiency frontier by improving K&TO by 10% and 

CROU by 6%. 

- Finland should search its sources of inefficiency in increasing CROU by 24%. 

- France could improve its DEA efficiency score by increasing CROU by 23%. 

- Lithuania should search reasons of inefficiency in too low K&TO indicator by 36% and CROU 

measure by 23%. 

- The Netherlands need to improve K&TO by 18%. 
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- Poland could shift itself to the DEA efficiency frontier by increasing K&TO by 24% and CROU 

by 10%. 

- Slovakia needs to improve CROU just by 7%. 

- Slovenia should concentrate itself on increasing K&TO by 10% and CROU by 30%. 

- Italy and Spain show both output projection coefficient lower than 5%. 

 

Our investigation outlines creative outputs (CROU) as the indicator on which the attention of 

Slovakian policy makers should be mainly directed. The increase of this measure will allow 

Slovakia move closer to the DEA efficiency frontier. CROU-derived improvement activities 

should comprise a wide range of initiatives, which deal with three CROU sub-pillars, namely 

intangible assets, creative goods and services, online creativity. We focus on one of the sub-pillars, 

the creative goods and services, especially public services provided in a creative ways trough 

above-mentioned co-creation as a public services innovation. 

 

3.2 Public sector innovations 

We used several methods to analyse co-creation during innovation in public services delivery. The 

methods are in accordance with the methodology set by the leader of research project LIPSE. To 

develop the inventory of relevant practices in which either citizens or other actors are involved, we 

conducted an extensive document analysis of relevant policy documents, databases and websites 

and more than ten expert interviews, which led us to compiling of list of 10 case studies (5 examples 

of co-creation in the welfare sector and 5 in environment - see Table 2).  

 
Table 2. List of public service innovations at the local government level  

Case Goal of co-creation initiative Main actors/stakeholders 

1. Conciliation 

councils 

Help citizen to solve any kind of 

conflicts, especially ethnical 

conflicts 

Citizens, NGO PDCS, C.S.Mott Foundation, 

municipalities in given areas 

2. Social 

housing 

Kojatice 

Provide social housing for Roma 

with certain guarantee of its 

maintenance thanks to Roma co-

financing and co-building  

University students, Roma citizens, local self-government 

and its mayor, NGO ETP Slovakia 

3. Godmothers Provide material and non-material 

support to young mothers in social 

need for  their inclusion into the 

society 

NGO “Sanca pre nechcenych”, SPP Foundation, VUB 

Foundation, Orange foundation, municipalities that 

decided to support the project 

4. Electronic 

Guard 

Improve life of elderly citizen with 

disabilities by telecare and related 

assistive technologies 

Involved local governments, private IT company YMS, 

private telecommunication company Orange 

5. Relax path 

Martin 

Improved life for elderly by 

building barrier free public 

relaxation infrastructure – nature 

path  

Municipality of Martin, several citizen initiatives (Joga v 

dennom živote, DIAMART – club of people with 

diabetes and   

 a Club of pensioners Martin) 

6. “Green 

Patrol” in 

Bratislava 

Increased citizen participation and 

responsibility for clean green 

areas, better quality of 

environment in the city 

Citizen initiative “Green Patrol”, municipality Bratislava 

and its local parts, inhabitants of Bratislava 

7. Interactive 

portal “Green 

Patrol” 

Improve and maintain the quality 

of environment in the city, 

improve collaboration between 

citizen, participating organizations 

and city 

Citizen initiative “Green Patrol”, municipality Bratislava, 

citizens on social network 
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Case Goal of co-creation initiative Main actors/stakeholders 

8. Trash out Improve physical environment and 

collaboration of all sectors 

Involved local governments, environmental NGOs 

(Greenpeace, Let’s do it, Enviweb cz, Emerald Planet, 

Priatelia zeme, Greenoffice sk), waste management 

companies, Ministry of environment of the Slovak 

Republic and Environmental fund of the Slovak Republic 

9. City in 

mobile 

Facilitate citizen participation and 

improve physical environment 

Private company Datalan, a.s, municipalities in Bratislava 

self-governing region and their inhabitants 

10.  PrieStory Realization of low cost investment 

projects of physical infrastructure 

executed by volunteers living in 

the area, improve collaboration 

between sectors 

Ekopolis Foundation, citizens, participating 

municipalities, CSOB bank, local companies (as sponsors 

providing additional  funding)  

Source: Nemec, Mikušová Meričková, Svidroňová, 2015a  

 

From the list of public service innovations two innovations were chosen by the LIPSE project 

leader for in depth analysis, where increase in quality, effectiveness and efficiency and other areas 

was proven. The summaries for chosen cases of public service innovations (PrieStory program and 

Social housing Kojatice) are in following tables.  

 
Table 3. Schematic display of public sector innovation outcomes (PrieStory program) 

1. Quantity of output  Between 2005 and 2011, 33 public spaces were redesigned. 

2. Quality of output The quality of public spaces increased (citizens as the co-designers are more satisfied 

with the service than before the co-created initiative). 

3. Formal effectiveness  Absent public facilities were provided and citizen needs were better addressed. 

4. Efficiency Public facilities were provided in the least expensive way in term of public finances. 

Between 2005 and 2011, more than 174 thousand EUR was assigned through the 

Ekopolis Foundation; much more was given in terms of volunteer work, which is hard 

to measure and express in financial value; other donations came from the private 

sector, both financial and non-financial (i.e. material, know-how, etc.). 

5. Customer satisfaction By involving the citizens as co-designers, their needs were taken into consideration. 

As volunteers, the citizens played a vital role in the co-creation process, which led to 

greater satisfaction with the provided public facilities. 

6. Accountability 
A co-created initiative clarified who is accountable for what part of the service. 

7. Equity 
Co-creation led to a more equal distribution of public services. 

8. Responsiveness 
Public spaces are better able to meet citizen needs and criteria. 

9. Fairness 
Co-creation led to a more fair distribution of public services. 

10. Trust 
Trust in the public services increased. 

11. Public Participation 
Public participation was increased. 

Source: Nemec, Mikušová Meričková, Svidroňová, 2015b  
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Table 4. Schematic display of public sector innovation outcomes in Kojatice Social Housing case 

1. Quantity of output  Between 2005 and 2014, 7 houses were built 

2. Quality of output 
The quality of the housing has increased 

3. Formal effectiveness  Housing services were provided and citizen needs were better addressed 

4. Efficiency Housing was provided in the least expensive way in term of public finances (financing 

from Roma  

5. Customer satisfaction By involving the citizens as co-designers, their needs were taken into consideration 

(planning with architects) 

6. Accountability 
A co-created initiative clarified who is accountable for what part of the service. 

7. Equity 
Co-creation led to a more equal distribution of public services. 

8. Responsiveness 
Social housing able to meet citizen needs and criteria better. 

9. Fairness 
Co-creation led to a more fair distribution of public services. 

10. Trust 
Trust in the public services was increased. 

11. Public Participation 
Public participation was increased. 

Source: Nemec, Svidroňová, 2015  

 

In both cases, more efficient and more effective public service delivery was achieved. The demands 

on the municipal budget decreased and citizen participation increased. In general, the public sector 

innovations have a positive impact on public service delivery in term of effectiveness, efficiency, 

and equity and thus brought creative outputs. 

 

4 Conclusions 
In this paper, we aimed at analysis of innovation performance of selected countries (EU28) using 

Data Envelopment Analysis and based on the analysis wanted to show possible ways of increasing 

efficiency with public sector innovations, especially in Slovakia. By performing the DEA, we prove 

that Slovakia needs to increase creative outputs by 7% in order to increase its efficiency and move 

closer to the countries, which were identified as efficiency leaders. A wide range of initiatives can 

improve creative outputs in the areas of three sub-pillars of creative outputs: intangible assets, 

creative goods and services, online creativity. Due to a limited scope and focus of the paper, we 

aimed to outline a possible way of increasing one of these sub-pillars: creative goods and services, 

especially in the public sector. Public sector is often seen as the one with a very low level of 

innovations but in this paper we proved that there are several innovative initiatives that help to 

deliver public services in a creative way via co-creation. We believe that also public sector can 

contribute to increasing the creative outputs and thus move Slovakia closer to the DEA efficiency 

frontier, as well as improve the ranking of Slovakia in GII. The paper points out the possibilities 

of public sector innovations. The limitation of the paper is in lack of evidence whether these public 

innovations really improve the creative outputs as we suggested. Because the topic is very scarce 

(linking public innovations with Global Innovation Index), there is practically no research in this 

field. We aimed to show one of possible ways of increasing efficiency in innovation performance. 

Future studies could aim at evaluation of public sector innovations in correlation to the creative 

outputs as a sub-index of GII, and also at research of other options how public sector can contribute 

to innovation performance of a country. The creative outputs and public sector innovations should 

be considered as an interesting topic for further research to provide a deeper insight and tools for 

policy makers.  
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Appendix 
 

Table A1. DEA SE-O-SBM-V computations 

Economy 

DEA 

SE-O-SBM-V 

Outputs projection for 

inefficient DMU (%) 
Economy 

DEA 

SE-O-SBM-V 

Outputs projection for 

inefficient DMU (%) 

Score 

δ 
rank ψ K&TO ψ CROU 

Score 

δ 
rank ψ K&TO ψ CROU 

Austria 0.84 25 19.82 17.71 Italy 0.98 16 0 4.31 

Belgium 0.89 21 0 23.67 Latvia 1.08 3   

Bulgaria 1.00 9   Lithuania 0.79 28 36.19 16.49 

Croatia 0.82 27 22.58 20.30 Luxembourg 1.14 1   

Cyprus 1.00 9   Malta 1.00 9   

Czech Republic 0.97 17 0.00 6.94 Netherlands 0.92 20 18.29 0 

Denmark 0.93 19 10.25 5.66 Poland 0.85 24 23.86 10.14 

Estonia 1.10 2   Portugal 1.01 8   

Finland 0.89 22 1.04 23.67 Romania 1.00 9   

France 0.88 23 3.72 22.91 Slovakia 0.95 18 3.50 7.73 

Germany 1.02 6   Slovenia 0.83 26 9.96 29.66 

Greece 1.00 9   Spain 0.98 15 0 3.59 

Hungary 1.00 9   Sweden 1.05 4   

Ireland 1.02 7   United Kingdom 1.04 5   

Source:  Own calculations performed with the use of DEA solver. Springer Science+the Business Media. LLC. 

©2008. 

 


