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Abstract. We study the underlying mechanisms of technological innovation in SMEs in the context 
of ex-post evaluation of European Union�s regional policy. Our aim is to explain the observed change 
in �rms� innovativeness a�er receiving EU support for technological investment. To do so, we take 
an approach that is novel in innovation studies: a Bayesian Network Analysis to assess the e�ec-
tiveness of EU policy instrument for technological innovation and to determine the mechanisms 
by which the policy works within �rms. Our data draw from a unique survey of 200 Polish �rms 
that received �Technological Credit� during the 2007�2013 programming period. First, we con�rm 
the short-term positive impact of the EU innovation policy (i.e. a wider range of products/services 
o�ered, increased sales and exports). More importantly, we determine the causal chain between 
economically quanti�able outcomes and behavioural change in the �rm, which is an important node 
in the network of e�ects generated. We �nd that only the �nancially sounder and more internation-
alised �rms managed to take advantage of the policy. �ese �ndings suggest that programmes based 
on technological credits are not well suited to foster innovation in more fragile and domestically 
oriented SMEs, which may require di�erent policy instruments.

Keywords: technological innovation, regional policy, policy impact evaluation, Bayesian Network 
Analysis, SMEs.
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Introduction 

�is paper studies the mechanisms underlying the observed technological change induced 
by innovation policy in Small and Medium-sized Enterprises (SMEs)1. Our focus is on Tech-
nological Credit (TC), a policy instrument supported by the EU.

1 Innovation policy is de�ned as �public intervention to support the generation and di�usion of new products, 
processes or services� (Edler, Cunningham, & Gök, 2016, p. 544).
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�is topic is relevant in the framework of technology-driven growth, a key aspect of 
development strategies relying on innovation as a major factor of economic growth (Cox & 
Rigby, 2013; Dolfsma & Seo, 2013; Dosi, Freeman, Nelson, Silverberg, & Soete, 1988; EC, 
2010; OECD, 2015; Romer, 1990; Scherer, 1986). �e revised OECD innovation strategy 
(OECD, 2015) recognises the role of innovation in fostering growth through the technology 
embodied in �xed capital (e.g. ICT), investment in knowledge-based capital, and productivity 
growth due to innovation and its impact on business dynamism and creative destruction. 
At the micro level, innovation and knowledge spillovers are considered to be important fac-
tors for �rms� survival, growth and development (Acs & Audretsch, 1990; Acs, Audretsch, 
Braunerhjelm, & Carlsson, 2009). Of course, innovative activity is not cost-free, and the 
role of �nancial constraints has traditionally been at the top of the research agenda on the 
barriers faced by �rms, and in particular SMEs (among others, see Carpenter & Petersen, 
2002; Beck & Demirguc-Kunt, 2006; Czarnitzki & Hottenrott, 2011; Czemiel-Grzybowska 
& Skowronek-Mielczarek, 2017). �e lack of �nancial resources, in fact, is one of the main 
factors that impede innovation capacity (Hadjimanolis, 1999; Hueske & Guenther, 2015; 
Madrid-Guijarro, Garcia, & Van Auken, 2009)2, and a good many policy instruments have 
been developed, including those of the EU (reviewed in EC, 2015a), to support innovation 
by SMEs and to help them overcome their �nancial constraints3. 

Our study forms part of the growing literature on innovation policy, its mechanisms and 
e�ectiveness. Edler and Fagerberg (2017) distinguish three main types of innovation policy: 
�mission-oriented policies,� which provide practical new solutions to broad problems of vital 
importance to the state (such as defence, military technology and communications, or global 
warming), creating new technological and industrial landscapes (see Mazzucato & Semie-
niuk, 2017); �system-oriented policies,� which led to the formation of national innovation 
systems in the 1990s and have been endorsed by the OECD, among others (see OECD, 2015); 
and �nally, �invention-oriented policies,� focusing on R&D and invention while leaving the 
exploitation and di�usion of new ideas to the market. �is last type of innovation policy is 
the main point of reference for our own study, in that we concentrate on the mechanisms 
of policy-supported technological innovation through the removal of �nancial constraints 
(Dodgson, Gann, & Salter, 2008, pp. 54�93) and the market outcomes observed at �rms.

Another referent is the literature on strategic management (among others: Burgelman, 
Maidique, & Wheelwright, 1996; Dodgson et al., 2008), which o�ers explanations for tech-
nological innovation and examines its mechanisms and the sources of economic success 

2 In a meta-analysis of 188 empirical studies, Hueske and Guenther (2015) give a comprehensive account of a series 
of factors that hamper, delay or block innovation. �eir list includes factors observed in: the external environment 
(external stakeholders: investors, potential employees, suppliers, competitors, customers, the state, society); the 
organisation (the levers of managerial skill and dynamism: strategy, structure, size, resources, organisational learn-
ing, organisational culture); the group (team structure, team climate, team processes, composition of members 
according to characteristics, leadership style); and the individual (managers� attitudes and abilities, employees� 
attitudes and abilities).

3 ERDF measures to support SMEs at EU level include (EC, 2015a): instruments designed to enhance business 
creation and support R&D projects, the commercialisation of innovative products, access to and di�usion of ICT 
services for SMEs, the development of infrastructure targeting the business sector (incubator facilities, logistics 
centres, congress venues, technology parks, etc.), capacity building, networking and other activities to help SMEs 
go international, such as participation in fairs.
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(or failure), assessed from the perspective of the innovative �rm. In a widely cited paper, 
Teece (1986) focuses on the context to explain why, in the presence of imitators and com-
petitors, innovating �rms o�en fail to get economically signi�cant returns, even when their 
innovation (say, a new product) brings welfare gains for consumers. Teece (1986) indicates 
the great importance of proper business strategy (integration and collaboration) as well as 
public policy measures (legal protection of the innovator�s pro�ts, licensing). �e market 
structure is a relevant contextual determinant that can explain the ability of �rms to gener-
ate, absorb and pro�t from innovation, but the empirical evidence is mixed (among others, 
Chen & Nie, 2014; Nie, 2013; Tang, 2006; Arrow, 1962)4. Dodgson et�al. (2008, p. 24) note 
that the challenges of managing technological innovation go far beyond the technological 
problems as such and embrace issues of organisation, �nancing, human resources, marketing 
and collaboration. Many studies have highlighted the close relationship, the complementarity, 
between organisational and technological innovations (among others: Battisti & Stoneman, 
2010; Camisón & Villar-López, 2014; Martínez�Ros & Labeaga, 2009; Piva, Santarelli, & Vi-
varelli, 2005). 

Notwithstanding the complexity of these interactions, to date the work on the e�ective-
ness of innovation policy has typically applied the gauge of ex-post additionality. �at is, the 
policy is judged successful if it brings about the expected results in terms of input, output 
or behavioural additionality5. �Input additionality� refers to the degree to which �rm inputs 
increase thanks to the policy support � the impact of policy measures on �rms� expenditure, 
in particular private R&D expenditure, has been analysed extensively (see, among others: 
Aerts� & Schmidt, 2008; Alecke, Mitze, Reinkowski, & Untiedt, 2012; Bronzini & Iachini, 
2014; Czarnitzki & Licht, 2006; Czarnitzki & Lopes-Bento, 2013; Clausen, 2009, and the 
surveys in Zœæiga�Vicente, Alonso�Borrego, Forcadell, & GalÆn, 2014 and Becker, 2015). 
�Output additionality�, accordingly, focuses on the policy-induced change in �rms� output 
(sales, exports, patents, etc.), but this has been less widely studied (BØrubØ & Mohnen, 2009; 
Bronzini & Piselli, 2016). �Behavioural additionality� can be understood as an e�ect of the 
policy that results in durable change in �rms� behaviour, helping them to improve innovation 
capabilities and outcomes (Gök & Edler, 2012). Methodologically, the study of policy mea-
sures� e�ectiveness (adopted, among others, by: Foreman-Peck, 2013; Hottenrott & Lopes-
Bento, 2014, Moral-Arce & Paniagua, 2016) o�en involves comparison of a treated sample 
(the �rms receiving policy support) with a control group (�rms not subject to the policy 
intervention).

�is paper will not o�er yet another counterfactual analysis (which is not without its 
own problems, see e.g. Dawid, 2000) or re-estimate the additionality of public support (see 
Edler et al., 2016, pp. 26�28 for a review of the estimates performed to date). Rather, we 

4 Arrow (1962) initially proposed that monopolistic industries tend to be less innovative than competitive ones. Tang 
(2006) showed that the relationship could be positive or negative depending on speci�c competition perception 
and speci�c innovation activity. Chen and Nie (2014) �nd that innovation decreases with market power when 
there is product substitutability; Nie (2013) proves that innovation increases concentration under conditions of 
spatial duopoly, rebutting the general conclusion of Holmes, Levine and Schmitz (2012), namely that market power 
lowers the incentive to innovate.

5 For a thorough recent survey of the evidence on the additionality of various innovation policy measures and their 
impact, see Edler et�al. (2016).
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concentrate on the under-researched issue of the within-�rm mechanisms of policy-induced 
technological change. In particular, we address the following research question: What are the 
�rm-level mechanisms behind the observed change in the innovativeness of SMEs due to 
public support for their technological investment? �e question is important insofar as such 
policy instruments form part of innovation and regional policy in many countries, but not 
much is known about the mechanisms that determine policy success or failure. Our research 
question is linked to the so-called �black-box� problem of policy intervention (Astbury & 
Leeuw, 2010; Brown & Mason, 2014) and the possible mismatch between the ways in which 
policymakers and participating �rms view the relevant EU policy measures (Massa & Testa, 
2008)6. 

To address this issue, we inquire more deeply into the mechanisms of change provoked 
by one speci�c innovation policy instrument co-�nanced by the EU, namely Technological 
Credit (TC), to support technological innovation in Polish SMEs (described in Section 2.2). 
�is analysis sheds new light on the way in which technological innovation works from the 
perspective of a country that su�ers from considerable technological backwardness7 and has 
a correspondingly strong need for innovation policy measures. �e sample consists of 200 
Polish �rms, all over the country, that received TC support. And signi�cantly, on the whole 
the sample is representative of the entire population of �rms receiving TC, which is a pre-con-
dition for accurate inference, and accordingly assures the external validity of our results.

In general, �rm-level data on �rms� performance are extremely scarce for Poland8, lending 
particular value to our ex-post policy assessment based on micro data from direct, tailored 
surveys. Firm-level studies on the e�ectiveness of innovation policy (or R&D support) in 
Europe have generally been conducted from the standpoint of enterprises in more advanced 
countries (Britain in Foreman-Peck, 2013, or Mole, Hart, Roper, & Saal, 2009; Canada in 
BØrubØ & Mohnen (2009), or Czarnitzki, Hanel, & Rosa, 2011; Italy in Bronzini & Iachini, 
2014, or Bronzini & Piselli, 2016; Norway in Clausen, 2009; Germany in Czarnitzki & Li-
cht, 2006, or Czarnitzki & Hottenrott, 2011; Belgium in Czarnitzki & Lopes-Bento, 2013, 
or Hottenrott & Lopes-Bento, 2014; Spain in Moral-Arce & Paniagua, 2016)9. Comparable 
empirical evidence for �rms in the new EU member states is lacking, apart from the study 
on Hungarian companies by BØres and ZÆvecz (2016). 

6 In this context, Bach, Matt and Wol� (2014) use the example of the European Framework Programmes for Re-
search and Technological Development to analyse the extent to which participation in public programmes meets 
the policymakers� goals. Faber, van Dijk and van Rijnsoever (2016) list a set of incentives and barriers that in�u-
ence the likelihood of participation in European research programmes by Dutch science-based SMEs.

7 For instance, the share of innovative enterprises in Poland is just half the EU average (Nie�, 2015, p. 12); see also 
section 2.1.

8 �e papers available compare the general features of various innovation policies for Polish �rms or the alloca-
tion of EU funds across �rms in selected Polish regions (Golejewska & Gajda, 2015; Duda, 2012; Jasinski, 2014, 
Lewandowska, Stopa, & Humenny, 2015). �e samples are typically quite small; the recent paper by Lewandowska 
et�al. (2015) on 394 Polish �rms and is among the very few based on wider surveys. Czemiel-Grzybowska and 
Skowronek-Mielczarek (2017) examine �nancing di�culties in a sample of 1600 Polish SMEs.

9 Cross-country analysis also tends to focus on the Western European experience: Venturini, Aristei and Sterlacchini 
(2016) analyse the e�ectiveness of R&D subsidies during the crisis using �rm-level data from France, Germany, 
Italy, Spain, and the UK. Radicic, Pugh, Hollanders, Wintjes and Fairburn (2016) study the e�ectiveness of public 
innovation support programs in SMEs in seven EU regions in Germany, Spain, France, Italy, the Netherlands, the 
UK and Portugal.
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At the same time, our results can also be read in a much broader context. An original 
contribution is o�ered by our two-step methodology for answering the research question. 
First we draw on theory-based impact evaluation (Mole et al., 2009; Weiss, 1997a, 1997b; 
Carvalho & White, 2004; Astbury & Leeuw, 2010), structuring the logic of policy interven-
tion as intended by policymakers according to the Realist Evaluation paradigm (Pawson & 
Tilley, 1997; Tilley, 2000; Astbury, 2013). In the second step we test the theory by an approach 
that is new to innovation policy evaluation: namely Bayesian Network Analysis (BNA) ap-
plied to survey data. BNA (among others: Daly, Shen, & Aitken, 2011; Dawid, 2000; Nielsen 
& Jensen, 2009; Gi�oni et al., 2018; Neapolitan, 2004) has served for analysis, diagnosis, 
simulation and prediction in a broad variety of �elds, ranging from banking and �nance 
through medicine, civil engineering, ecology, robotics, geology and geography to genetics, 
criminology, and more.

To our knowledge, however, BNA has yet to be applied to EU policy evaluation10. �is 
paper thus represents the �rst application of BNA to discover the mechanisms of change and 
the causal chain leading to the outcomes of the innovation policy instrument. In this manner, 
then, it complements other counterfactual studies at �rm level that assess the e�ectiveness 
of EU funding for SMEs during the recent programming period (2007�2013), based on 
comparison of treated and untreated samples (for instance, using di�erence-in-di�erence and 
propensity score matching techniques: see, among many, Moral-Arce and Paniagua (2016) on 
SMEs in Spain or BØres and ZÆvecz (2016) on Hungarian �rms). Our two-step methodology 
allows direct comparison of policymakers� theoretical expectations with the ex-ante views of 
the recipient �rms, which should provide insight into the reasons for the success or failure 
of the policy support. 

Our main �ndings can be summarised as follows. In the case of these Polish �rms the 
European co-funded policy for technological innovation did in fact succeed in producing the 
desired e�ects for the bene�ciary SMEs. We identify the mechanisms that explain how these 
e�ects are produced. �e Polish SMEs that received Technological Credit used these resourc-
es to improve their production technologies, enabling them to broaden their range of prod-
ucts/services and increase sales and exports. Importantly, BNA serves to reveal path depend-
ency and the causal chain. �ere turn out to be some prerequisites for the e�ectiveness of the 
EU support: only the �nancially sounder and more internationalized �rms managed to take 
full advantage of the policy. In addition to the con�rmation that the programme produced 
economically quanti�able outcomes at the funded �rms, we also �nd behavioural change to 
be an important node in the series of e�ects that innovation policy produced in Polish SMEs. 

�e rest of the paper is structured as follows. Section 1 sets our analysis in context, 
describing the main features of Polish SMEs in terms of innovation performance and tech-
nological backwardness and presenting the policy instrument that we assess (Technological 
Credit). Section 2 describes the Bayesian Network methodology used to discover the mech-
anisms that determine the instrument�s e�ectiveness and summarises the survey-based data 
on Polish �rms. Section 3 presents our results and explores the way in which theory was put 
into practice, seeking to determine whether the expected chain of causes and e�ects from TC 
actually occurred. �e last section concludes with some policy recommendations.

10 �ere are, however, studies that use BNA for the analysis of SME performance (e.g. Lee, Park, & Yoon, 2016 on 
R&D cooperation).



2136 M. Florio et al. �e mechanisms of technological innovation in SMEs: a Bayesian Network Analysis ...

1. �e context 

1.1. Innovation in Polish �rms and constraints on technological investment

To grasp the speci�city of technological innovation support in the Polish case we need to put 
it in a broader context, historically and politically. Poland�s transformation from a centrally 
planned economy to a market system was painful, resulting in massive unemployment, clo-
sures of large companies and di�cult restructuring, accompanied by constraints on invest-
ment and credit (Konings, Rizov, & Vandenbussche, 2003). According to the survey present-
ed in Baruk (1997), in the 1990s, the initial period of the transformation, innovativeness was 
less pronounced in the private than in the public sector; the main impediment to innovation 
(indicated by 52.5% of the companies surveyed) was the lack of �nancial resources. National 
policies for innovation were not particularly successful. In an analysis of Polish innovation 
performance in 1989�2000, Jasinski (2003) concludes that there is little correlation between 
innovation policy and innovation activity. Consequently, the radical change brought by EU 
membership in 2004 and the prospect of access to EU policies for innovation was highly 
attractive to Polish �rms.

According to the data in Kelley et�al. (2016), Poland can still be classi�ed as an e�cien-
cy-driven economy11 and is 25th out of 189 in the World Bank�s Doing Business Ranking. 
Making the transition to an innovation-driven economy that can maintain high wages and 
high living standards is possible only if enterprises succeed in competing on the basis of 
new and specialised products and other innovative solutions (W�c�awska, Tarnawa, Nie�, & 
Zbierowski, 2015, p. 11). SMEs account for about 50% of Poland�s GDP (Kelley et al., 2016; 
data refer to 2014), so their role in upgrading the economy is not minor. However, the share 
of innovative enterprises is very low (23% in 2012 as against an EU average of 49%)12, and it 
has actually declined in recent years (Nie�, 2015). R&D spending in Poland is low. Given its 
low public and private R&D expenditure (0.23% and 0.44% of GDP respectively13, Eurostat, 
2014) and scant capacity of its companies and institutions to translate investment into inno-
vation, Poland ranks a poor 22nd of the 28 EU member countries on the European Innova-
tion Scoreboard 2016, with no signi�cant improvement since 2008. It is underperforming 
the EU average in all the dimensions of innovation (EC, 2016). �us there is no doubt that 
Polish �rms are quite signi�cantly behind the technological frontier; the question is how far 
this poor record depends on �nancial constraints.

Poland currently displays relatively di�cult credit conditions, with 34% of the �rms that 
need loans reported to be credit-constrained (EBRD, 2015a, p. 31)14. According to a re-

11 In this classi�cation, the phases of economic development are �factor-driven�, �e�ciency-driven� and �innovation-
driven� (Porter, Sachs, & McArthur, 2001). In Europe, the e�ciency-driven economies are Bulgaria, Croatia, 
Estonia, Hungary, Latvia, Poland, Romania and Macedonia; the others are innovation-driven (Kelley, Singer, & 
Herrington, 2016, p. 7).

12 Poland, Latvia, Romania and Bulgaria are among the EU countries with the lowest share of innovative enterprises 
(under 30% in 2012). �e top performer in this ranking is Germany, with 67% of its enterprises classed as in-
novative in 2012 (Nie�, 2015, p. 12).

13 R&D spending by the government sector and by business enterprises.
14 �e percentage of credit-constrained �rms (those that needed a loan, but either decided not to apply for it or had 

an application rejected) in 2013-14. �e data are from the Business Environment and Enterprise Performance 
Survey (BEEPS) conducted by the EBRD and the World Bank (details at http://ebrd-beeps.com/). 
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cent BEEPS survey (EBRD, 2015b)15, the three most serious obstacles to doing business, 
according to the Polish �rms surveyed, were still tax administration, competition from the 
informal sector, and lack of access to �nance. A survey conducted directly with Polish SMEs 
(Czemiel-Grzybowska & Skowronek-Mielczarek, 2017) con�rms that insu�cient funds and 
limited access to bank credit are among the most signi�cant impediments. �is is another 
indication that the development and innovative capacity of Polish �rms is still hampered by 
�nancial restrictions and that there is a great need for e�ective use of the support available.

1.2. Technological Credit as a policy instrument  
for technological innovation in SMEs16

A recent assessment of the European Regional Development Fund�s contribution to develop-
ment and innovation in SMEs (EC, 2015a) reveals that a wealth of policy instruments were 
mobilised for this purpose between 2007 and 2013 by regional and national authorities17. �e 
largest multi-annual Operational Programme co-funded by the EU during this period aimed 
at innovation, ICT and R&D was the Polish �Innovative Economy� Programme. With a total 
budget of nearly �10 billion, 85% of it funded by the ERDF, this programme included a mix 
of policy instruments to stimulate innovativeness, such as capital investments for technologi-
cal improvement, consulting services, training and technical assistance18. 

Our analysis focuses on one particular policy instrument, namely Technological Credit 
(measure 4.3), which was selected by the European Commission for in-depth analysis19. �e 
main goal of TC was to support technological change in SMEs (in order to improve com-
petitiveness) through partial substitution for bank credit. TC consisted of a grant to Polish 
SMEs that were planning to invest in technology and had already been granted a bank loan. 
�e TC grant served to substitute a part of the commercial bank loan. 

�e initial public allocation of TC funds amounted to �409.85 million, but reprogram-
ming raised this to �432.6 million. �e instrument was managed by Bank Gospodarstwa 
Krajowego (BGK), the Polish National Bank of the Economy, which was selected as the 
executing body by the Polish Ministry of Infrastructure and Development. 

TC was launched in 2009 and initially was allocated for the purchase or leasing of �xed 
assets and intangible assets (patents, licenses). From 2011, it also supported other types of 
expenditure, such as the construction and development of �xed assets (buildings, machinery, 
equipment), the acquisition of land (up to 10% of eligible spending) and the external advisory 
services needed to use new technology. All Polish SMEs (enterprises employing fewer than 
250 people), regardless of location or sector of activity, were eligible. �ere were no limits 
(either lower or upper) to the total value of the technological investment. In order to mini-

15 Business Environment and Enterprise Performance Survey, BEEPS 5th edition (http://ebrd-beeps.com/countries/
poland/).

16 �is section draws upon EC (2015c, pp. 30�55).
17 See some examples in footnote 3 above. 
18 For a thorough examination of the OP strategy, see the case study described in EC (2015b).
19 �is instrument was selected a�er prior examination of 50 Operational Progammes supported by the ERDF in 

2007-2013. See EC (2015a) for a detailed description of the 50 programmes and the rationale for the selection of 
the Polish OP and Technological Credit.
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mise improper conduct by �rms (rent-seeking or bribery) the TC instrument was designed 
for very careful selection of applicants and monitoring of grantees20.

�ere were �ve calls between July 2009 and October 2012; 1,528 applications were re-
ceived, most of them in the fourth and ��h calls (Figure 1, le�-hand panel). Almost half 
(45%) were rejected by the BGK (Figure 1, right-hand panel) and in the end agreements were 
signed for 717 projects to be realised by 586 di�erent Polish SMEs21. By economic sector, 
83% of the bene�ciaries were in manufacturing (of which more than 60% were producers of 
metal, plastic, other non-metallic mineral products and machinery). By location, 17% were 
in the Wielkopolskie region (a signi�cant industrial hub in western Poland), 10% in �l�skie 
and 10% in Podkarpackie. Figure 2 shows the relation between regional TC expenditure and 
regional GDP growth and unemployment: generally, the more developed regions attracted 
more funds.

�e total TC support for investment projects amounted to �822.7 million, �415.6 million 
in public contributions from the OP and �353 million in EU �nancing. Aid intensity (i.e. the 
ratio of the public support to the total investment) ranged from 18% to 70%, with an aver-
age of 54%. �e average public contribution amounted to �584,000. Table 1 shows �nancial 
accounting data for the bene�ciary enterprises according to �rm size. Medium-sized enter-
prises accounted for 48% of support recipients and realised the largest investment projects.

20 �e delivery steps are described in detail in the report accompanying this paper (EC, 2015c, Vol. I, p. 31�32).
21 �e vast majority (86%) carried out a single investment project, 14% more than one (12%�� two projects, 2%�� 

more than two).

Figure 1. Number of applications and bene�ciaries of Technological Credit in Poland  
(source: CSIL and authors� elaboration of data provided by BGK)

Note: le� panel � number of applications for each call; right panel�� status of applications received 
(n�= 1.528).
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Table 1. Financial support to enterprises bene�ting from the Technological Credit in Poland, by size 
class of �rm (source: CSIL and authors� elaboration of MA data)
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2. Methodology and data22

2.1. �e evaluation strategy 

Our analysis is performed in two steps: (1) reconstruction of the theory and the logic of in-
tervention underlying the policy instrument; (2) ex-post testing of the theory through a sur-
vey of the bene�ciary SMEs and use of BNA to determine the reasons for success or failure.

For the �rst step, among the various theory-based methods we select the Realist Evalu-
ation paradigm (Pawson & Tilley, 1997) as the one best suited to address the speci�cities of 
our analysis, thanks chie�y to the important role that it assigns to context variables (Astbury, 
2013) in policies to foster innovation and development in SMEs. �is paradigm enables us 
to address three main questions: (i) What type of intervention works, and for whom? (ii) 
In what contexts is the policy instrument successful? (iii) What are the mechanisms that 
determine its e�ectiveness?

In formal terms, in the �rst step we construct theoretical Context-Mechanisms-Outcomes 
(CMO) con�gurations, which identify and explain the logic of the policy instrument and the 
underlying theory of change and de�ne the e�ects expected in a given context. In line with 
a realistic understanding of mechanisms, these con�gurations are sensitive to variations in 
context as well as to the operation of other mechanisms in a particular context (Astbury & 
Leeuw, 2010, p. 369). Following Pawson and Tilley (2004), the reconstruction of the theory of 
the intervention is based on a thorough analysis of the programming documents (described 
in detail in EC, 2015a23) and interviews with the programme architects both at the OP Man-
aging Authority and at BGK. 

�e theoretical reconstruction led to the development of two separate CMO con�gura-
tions, i.e. two sets of outcomes with their mechanisms of change and context conditions. �e 
�rst CMO con�guration, illustrated in Figure 3, relates to the expected economic e�ects of 
TC. By encouraging SMEs to invest in new technologies (i.e. upgrade their �xed asset base 
using bank credit), the Technological Credit is expected to help SMEs improve their produc-
tion processes and thus to market new or upgraded products24. At �rm level two main results 
are expected: (i) an improvement in the bene�ciary �rms� economic performance and (ii) a 
decrease in their debt burden (which in turn a�ects economic performance). �ese �rm-level 
e�ects are enhanced by expected changes to the context, i.e. the external conditions in which 
SMEs operate (red boxes in the �gure). 

Figure 4 refers to the second CMO con�guration, corresponding to a di�erent goal of TC 
as policy instrument: to change the perception of �nancial instruments and new forms of 
support initiatives. More speci�cally, if the SMEs that draw on TC are happy with the formal 

22 �is section draws upon EC (2015c).
23 A backstage documentary analysis involved a detailed analysis of 50 Operational Programmes (OPs) designed in 

the course of the 2007�2013 programming period, describing the wide range of EU policy instruments to sup-
port SMEs (the results of this analysis are set out in the publication accompanying this paper: First Intermediate 
Report � EC 2015a).

24 �is is the logic of the expected mechanism (in blue), which leads to expected outcomes (in green). In the �gure 
all mechanisms, contexts and e�ects are expressed in the indicative case (e.g. �SMEs �nd premium attractive� and 
�SMEs access bank credit to buy modern �xed assets�, but in reality every such statement re�ects an underlying 
conditional hypothesis, and so might better be read as �If SMEs �nd the premium attractive, then it is more likely 
that they will access the bank credit�. 
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procedure for obtaining the support and with the economic results, then the policy should 
produce the result of a change in �rm�s attitudes. �e involvement of SMEs with Technolog-
ical Credit is expected to increase their awareness and e�ective use of �nancial instruments 
and possibly to supplant the TC grant support during the following programming period 
(2014�2020). In the aggregate, all these expected outcomes imply more e�cient use of EU 
funds.

Figure 3. CMO con�guration 1�� expected economic e�ect of the Technological credit instrument 
directed at Polish SMEs (source: CSIL and authors� elaboration)

Note: outcomes pursued by the policy maker in green boxes; external conditions (context) upon which 
desired changes occur in red circles; the mechanisms at work along the causal chain leading to the 

outcomes in blue boxes.

Figure 4. CMO con�guration 2�� expected perception of the �nancial instruments as a result  
of Technological credit directed at Polish SMEs (source: CSIL and authors� elaboration)

Note: outcomes pursued by the policy maker in green boxes; external conditions (context) upon which 
desired changes occur in red circles; the mechanisms at work along the causal chain leading to the 

outcomes in blue boxes.
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Both of these CMO con�gurations are intended to strictly re�ect the theory underlying 
the policy instruments as designed by the policy makers in the �rst place and re�ected in the 
programming documents. For this reason, the causal chain leading to desired policy e�ects 
within the given context25 may appear generic by comparison with the academic literature on 
innovation policy. �e precise objective of our analysis, however, was to determine the extent 
to which reality matched policy-makers� expectations and the reasons for policy e�ectiveness. 

�e second step is empirical testing of the theory behind the policy instrument. We col-
lect information on bene�ciary SMEs to verify whether the CMO con�gurations adequately 
describe the actual chain of e�ects triggered by the instrument. 

�e key questions bearing on success or failure are: 
 � Has the policy instrument actually helped the SMEs to improve their economic per-
formance, (the �rst CMO setting)?

 � Has it actually increased SMEs� awareness of and ability to use public support (the 
second CMO setting)?

 � Do the changes that stem from the policy support gibe with the logic of intervention, 
and if not, what are the reasons for deviations from theory in the two settings?

 � Has the policy instrument produced any other, possibly unexpected ex-ante, e�ects in 
the SMEs; and what is the link between economically quanti�able and other e�ects?

�e �rst two questions are standard in ex-post policy assessments. �e latter two help us 
to get at what is concealed behind the observed change in the innovativeness of �rms owing 
to public support for technological investment�� the main aim of our study.

If they are matched with other favourable context features (successful adoption of other 
SME support instruments and broad participation of SMEs), all of these mechanisms should 
lead to a desired outcome at aggregate level: the instrument should contribute to improving 
the overall competitiveness of Polish industry. �e passage from micro to macro level (from 
successful innovation by single �rms to the gain in system-wide competitiveness) can be 
interpreted in the light of economic theory, which sees technological innovation as a factor 
in economic growth (Dosi et al., 1988; Romer, 1990). An empirical test of this wider issue 
goes beyond the scope of our research.

As for the second step, we applied Bayesian Network Analysis (BNA)� � described in 
Section 2.2 � as an ex-post tool for statistical analysis of the survey responses (the data from 
the Polish �rms bene�tting from the EU Technological Credit program, described in Section 
2.3). �is approach allowed us to test whether the expected relations between mechanisms, 
outcomes and context shown in CMOs actually materialised and, additionally, to detect any 
other, unexpected mechanisms.

25 In line with Pawson and Tilley�s approach the context de�nes �what conditions are needed for a measure to trigger 
mechanisms to produce particular outcome patterns� (Tilley, 2000, p. 7). Consequently, in our CMO we consider 
positive context, whereas the variables of the CMO relate to questionnaire items (provided in the Appendix 1), 
many of which are on an ordinal scale, re�ecting the degree of approval in relation to di�erent possible results 
(ranging, say, from �not at all� to �very much� or from �strongly disagree� to �strongly agree�). �is approach 
enabled us to rank the observed outcomes of TC from positive to negative, so that negative outputs (realized 
within the given context and with mechanisms at play) have also been taken into account.
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data, calculation of the local probability distributions between the variables and construction 
of a DAG showing the network between the various aspects of SMEs� performance and the 
outcomes of Technological Credit (see Section 3.2); and (5) reassessment of the theory on 
the basis of the BNA outcomes (see Section 3.3).

2.3. �e survey data

Our data on the Polish �rms examined here were collected by a survey conducted between 
July and September 2015, intended to cover SMEs supported by the Technological Credit 
measure. �e survey was carried out by the CSIL (Centre for Industrial Studies) in coop-
eration with the CASE (Centre for Social and Economic Research) and BGK bank (Bank 
Gospodarstwa Krajowego).

�e questionnaire consisted of 28 multiple-choice questions (speci�cs in Appendix 1). 
�e survey asked: how �rms accessed the BGK technological premium; the details of the in-
vestment project receiving the TC, for which they had signed a loan contract with the bank; 
the e�ects of the investment (changes resulting from the technological innovation), their 
relative satisfaction with the TC and the access procedure; and any other changes (not neces-
sarily economic) made as a result of their experience with the BGK technological premium.

In the end, the �nal sample consisted of the 200 enterprises that completed the ques-
tionnaire, out of 586 bene�ciary �rms approached (the resulting response rate of 34.1% is 
very good for this type of survey). In order to ensure the representativeness of our sample 
we compared the characteristics of the sample �rms (size, sector of activity, location, value 
of the investment project, amount of public support) with those of the entire population of 
bene�ciary �rms29. On this basis the sample proves to approximate the targeted population 
of �rms quite well, which is essential to the validity of the conclusions drawn on the basis of 

29 Basic information for all the SMEs that bene�tted from TC was obtained (courtesy of BGK). 

Figure 5. Schematic representation of BN graph (source: CSIL and authors� elaboration)
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a BNA run with survey data. In terms of size (Figure 6), the sample�s share of medium-sized 
enterprises was the same as that of the overall population, both 48.5%, that of small enter-
prises was 37% (36.9% in the overall population), and that of micro enterprises was 14.5% 
(14.8%). Most of the �rms interviewed were in the regions of Wielkopolskie�� PL41 (17%), 
�l�skie�� PL22 (11%) and Podkarpackie PL32 (10%); see Figure 7. By sector (Figure 8), the 
largest proportion of the �rms were engaged in �Manufacture of basic metals and fabricated 
metal products except machinery and equipment� (22%), followed by �Manufacture of rub-
ber and plastic products� (16%). �ese characteristics, as well as the value of the investment 
project and the amount of support (Table 2), are quite comparable in the sample and in the 
overall population, which means that the sample o�ers the requisite characteristics for rig-
orous statistical analysis.

Figure 6. Sample composition and representativeness (1)�� share of respondents by size (source: CSIL 
and authors� elaboration based on the survey carried out by CSIL in collaboration with CASE and BGK

Figure 7. Sample composition and representativeness (2)�� share of respondents by region (NUTS2) 
(source: CSIL and authors� elaboration based on the survey carried out by CSIL in collaboration with 

CASE and BGK)
Note: �ódzkie (PL11); Mazowieckie (PL12); Ma�opolskie (PL21); �l�skie (PL22); Lubelskie (PL31); 
Podkarpackie (PL32); �wi�tokrzyskie (PL33); Podlaskie (PL34); Wielkopolskie (PL41); Zachodniopo-
morskie (PL42); Lubuskie(PL43); Dolno�l�skie (PL51); Opolskie (PL52); Kujawsko-pomorskie (PL61); 

Warmi�sko-mazurskie (PL62); Pomorskie (PL63).

14.8%

36.9%

48.3%

14.5%

37%

48.5%

0%

10%

20%

30%

40%

50%

60%

Micro
enterprises

Small
enterprises

Medium
enterprises

Population

Sample

7% 7%

12%

9%

4%
6%

3% 3%

21%

5%
4%

2%
1%

9%

3%

7%
9%

7%

9%
11%

3%

10%

2% 2%

17%

3% 3%
4%

2%

7%

3%

8%

0%

5%

10%

15%

20%

25%

PL11 PL12 PL21 PL22 PL31 PL32 PL33 PL34 PL41 PL42 PL43 PL51 PL52 PL61 PL62 PL63

Population Sample



Technological and Economic Development of Economy, 2018, 24(5): 2131�2160 2147

Table 2. Sample composition and representativeness (4)�� value of public support and of investment 
project (source: CSIL and authors� elaboration based on the survey carried out by CSIL in collaboration 
with CASE and BGK)

Value of the public support
(thousands EUR on average per SME)

Value of the investment project 
(thousands EUR on average per SME)

sample population sample population
median 692 641 1252 1172
average 626 601 1216 1181
min 19 19 32 32
max 1001 971 3777 4555
st.dev. 308 307 726 727

3. Ex-post assessment of policy e�ectiveness�� the empirical test30 
3.1. Descriptive statistics of the impact of TC31

Most of the respondent �rms were founded a�er 1990; the entrepreneurs are relatively young 
(52% are 30 to 45 years old; 64%, 26 to 50) and well educated (72% have a master�s degree). 
Half of the enterprises bene�ted from other forms of public support before 2009, so they 
already had some experience with the system of public support for businesses. �e SMEs 
used the Technological Credit primarily to �nance new production technologies (machinery, 
equipment) or intangible assets (patents and licenses). Around half of the �rms �anked their 
investment in machinery with other types of expenditure, such as the construction, expan-
sion or opening of production areas and external consulting services. �e great majority of 
the �rms�� 84%�� used the TC for a single investment project. 

30 �is section draws upon EC (2015c, pp. 30-55).
31 Full descriptive statistics emerging from the survey can be found in EC (2015c), Volume II, Annex 1. 

Figure 8. Sample composition and representativeness (3)� � share of respondents by activity sector 
(NACE) (source: CSIL and authors� elaboration based on the survey carried out by CSIL in collabora-

tion with CASE and BGK)
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�e essential questions related to the results of the investment. As Figure 9 shows, the 
e�ects varied. In particular, the main e�ect�� con�rmed by 88% of the respondents�� con-
sisted in the broadening of the range of products or services; and 81% of the �rms cited the 
introduction of a new production process or the upgrading of an existing one. Figure 10 plots 
the responses of �rms with respect to six di�erent economic outcomes. All of these e�ects 
turn out to be totally in keeping with the theory behind the intervention (CMO con�guration 
1�� Figure 3).

Figure 9. Investment results of the analyzed policy instrument (source: CSIL and authors� elaboration 
based on the survey carried out by CSIL in collaboration with CASE and BGK)

Note: Answer to the question: Did the implementation of the technological investment projects sup-
ported by BGK bring about any of the following changes to your enterprise? n�= 200 respondents. 

Enterprises could select more than one answer.

Figure 10. Economic results of the analyzed policy instrument (source: CSIL and authors� elaboration 
based on the survey carried out by CSIL in collaboration with CASE and BGK)

Note: Answer to the question: Which economic results has your enterprise already achieved thanks to 
the technological investments supported by BGK? n�= 200 respondents (except question D4.4 where 

n�= 124,� exporting enterprises only).
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3.2. �e BNA results

To identify the variables with the strongest links to the expected results observed by the 
�rms (sales or export gains, cost reductions), in the �rst instance we used the questionnaire 
answers to run standard regression analyses (logit and ordered logit models�� the results are 
reported in EC, 2015c, Volume II, pp. 39-43). 

However, the main objective of the research project was to discover the hidden patterns 
behind the responses of the �rms without positing any speci�c structure of the relations 
between the variables. �e search for any possible links among the variables was accordingly 
performed via the BNA method presented in Section 2.232. �e resulting directed acyclic 
graph (DAG) is shown in Figure 11. To facilitate interpretation, we grouped the variables into 
clusters of the most important indicators: direct changes produced by the investment projects 
(variables D.1), e�ects on economic performance (D.4), and behavioural changes (F.2). 

DAG represents the network of related e�ects triggered by the investment project sus-
tained by TC. It is worth noting that the BNA �gure shows a joint probability distribution 
over a set of variables (which is not the same as pairwise correlation coe�cients that we 
report separately)33. 

�e principal results for changes in economic performance as revealed by the DAG34 
involve, �rst of all, the main changes generated directly by TC, denoted by the thick arrows, 
and consist in extension of the �rms� range of products (D1.1), upgrading of production pro-
cesses (D1.3), and market introduction of new, innovative products (D1.4). 

Asked about the economic results achieved thanks to the technological investment sup-
ported by BGK (question D4), 154 respondents (77%) reported that they had increased 
sales perceptibly (�enough�, �appreciably� or �very much�). Half of the respondents reported 
a positive impact on exports as well, while for the other half this e�ect was limited or nil. 
�e least signi�cant e�ect reported was cost reduction: 27% said they had achieved no cost 
savings whatever, and 36% only limited savings. �e DAG shows that these various economic 
outcomes are interlinked. In particular, an increase in sales (D4.1) is linked with an increase 
in the number of customers (D4.2) and customer types (D4.3), and with greater resilience in 
the face of recession (D4.6). Interestingly, sales gains are not linked to any speci�c modi�ca-
tion within the enterprises� production function. Rather, this e�ect operated through export 
increases (see the link between D4.4 and D4.1). Other causes might be at work, but they 
are not brought out by the BNA, as their role is relatively weaker. �is is the �rst important 
�nding, which we comment below.

�is international channel is important insofar as it suggests that a mechanism generat-
ing the observed outcomes may be typical of internationally oriented enterprises. Successful 
entry into new foreign markets (D1.5) is associated with an increase in exports (D4.4), but at 
the same time, the decision to move into new markets and the e�ects of international activity 

32 To build the Bayesian Network we used Graphical Network Interface (GeNIe), a development environment for 
building graphical decision-theoretical models developed at the Decision Systems Laboratory, University of Pitts-
burgh. �e documentation can be found at: https://dslpitt.org/genie/wiki/GeNIe_Documentation. 

33 Pairwise correlations between types of change variables (questions D.1), economic results (D.4) and behavioural 
changes (F.2) are reported in Appendix 4.

34 �e robustness of the main results stemming from the network was checked by modifying some of the variables, 
for instance by the principal components method.
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Figure 11. �e change generated in Polish SMEs by the EU policy instrument (Technological Credit) 
according to the Bayesian Network Analysis (source: CSIL and authors� elaboration)

Note: Directed arrows show a causal relation; simple links between variables indicate correlation, with-
out any certain causal direction. �e thickness of the arrow re�ects the magnitude of the correlation 
between the variables (estimated by GeNIe). Bottom right variables have been used as control variables 
but they do not result to be strongly linked to any other particular variable. Particular variables refer 

to the survey questions (see the questionnaire in Appendix 1).
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are strongly determined by the �rm�s initial export share (G3). Hence, the network shows that 
TC a�ected the export patterns of companies that were already present in foreign markets. 
�is is an important result, indicating that there are some necessary preconditions for the 
success of the policy support. �is concords with new-new trade theory (Melitz, 2003), which 
argues that preselection is crucial in successful export activity. It was not an aspect explicitly 
considered in the theory supporting the TC policy instrument.

Expectations of future economic results (D5) do not depend on the e�ects already ob-
served, but rather on the year of the project (the more recent it is, the greater the expectations 
that economic results will materialise or increase in the future) and the �rm�s technology 
intensity (those in low-tech sectors are less optimistic). Given the considered years, in some 
export markets a�ected by the recession, this result is not surprising.

Importantly, the BN also reveals other relationships between changes generated by the 
policy instrument, such as the link between reduced energy consumption and improved work-
force skills (D1.10) or those between reputational gains (D1.6), improved skills, new hiring 
(D1.11) and better work organization (D1.7). �is suggests that the policy indirectly stimu-
lated a whole series of factors bene�tting business activities, which the standard assessment 
methodology could not have discovered (some limited dependent variable estimations were, 
however, tested at the preliminary research stage, see EC, 2015c, Volume II: 39-43). 

�e DAG reveals some important features of the behavioural changes resulting from EU 
�nancial support. According to BNA, behavioural change (questions F) is not related either to 
economic results already achieved (question D4) or to any speci�c changes within the �rms 
(questions D1). On the other hand, the possible behavioural modi�cations considered in 
the questionnaire (F2.2-F2.9) are quite strongly interlinked. �is suggests that a behavioural 
change impacts on the SME�s functioning in multiple ways. �e SMEs that have grasped 
the importance of a more highly skilled workforce (F2.7) also particularly appreciate the 
knowledge of foreign languages (F2.8). Having younger employees (F2.9) is also judged to be 
more valuable, as younger workers typically know foreign languages better. Another signi�-
cant linkage is that between realising that the scope for expansion is greater than previously 
thought (F2.6) and considering new investments (F2.5).

Involvement in the TC scheme also changed �rms� perspective on public support pro-
grammes. �e results of BNA in Figure 11 show that the overwhelming majority of the recip-
ient enterprises (over 80%) say that they now have a better opinion of public support schemes 
for SMEs (F2.2). �is is a signi�cant �node� in the network - it relates to other behavioural 
changes (F2.4-F2.9) and to willingness (declared by of 86% of the respondents) to apply for 
other forms of technological investment support (E4). 

�e bene�ciary SMEs are generally satis�ed with the TC support received and the deliv-
ery procedures. As reported in an accompanying paper (EC, 2015c, Volume II, p. 30) almost 
80% state that TC was e�ective in enhancing technology investment. �ese enterprises are 
accordingly likely to be interested in similar �nancial instruments in the future. However, 
only 28% of the respondents a�rmed that without TC support they would have faced serious 
�nancial di�culties. �is is a sign of preselection: the lack of credit per se was probably not a 
signi�cant barrier for the enterprises that received TC. �is �nding is in accordance with the 
way the instrument was designed: the eligible �rms should have already been able to show 
access to a commercial credit.
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3.3. Test of the theory behind the intervention

Using the BNA results, we can now return to the theory guiding the policy intervention and 
perform an ex-post reassessment of the validity of the CMO con�gurations. �e results of 
this exercise are shown in Figure 12 (they correspond to the ex-ante CMO con�gurations 
depicted in Figures 3 and 4). �e graph shows schematically which of the anticipated rela-

Figure 12. Test of the theory of intervention of the Technological Credit  
(source: CSIL and authors� elaboration)

Note: Green-coloured boxes indicate the outcomes pursued by the policy maker; red-coloured circles 
indicate external conditions (i.e. speci�cations of context) upon which desired changes occur; blue-

coloured boxes indicate the mechanisms at work along the causal chain leading to the outcomes. 
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