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How do Innovation Vouchers Influence Senior Managers’
Attitudes to Innovation?
ABSTRACT

Senior manager innovation-orientated attitudes are key drivers of innovation within smaller firms. Despite this,
little is known about the factors that determine the nature of senior managers’ innovation-orientated attitudes. In
this paper, we investigate whether innovation vouchers, a form of public innovation support predominately
provided to micro and smaller firms, positively affects senior managers’ innovation-orientated attitudes. To
examine this, we use propensity score nearest neighbour matching on a U.K. dataset of firms that received an
innovation voucher between 2012 and 2015, and a control group of those that did not. Overall, we find that
innovation vouchers have a small positive effect on senior managers’ support for innovation, risk tolerance,
willingness to change, and openness to external knowledge. The largest impact is observed on senior managers’
risk tolerance, followed closely by their openness to external knowledge. Our findings suggest that innovation
vouchers are an effective mechanism to induce small improvements in senior managers’ innovation-orientated
attitudes. We discuss implications for innovation policy and practice.

Keywords: Senior Managers; Innovation Orientation; Attitudes; Micro Firms; Innovation Policy, Public Support,
Behavioural Additionality.
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INTRODUCTION
Senior managers1 exert considerable influence on their firm’s innovation activities (Galasso and Simcoe, 2011),
particularly within micro and smaller firms where they are considered the key drivers of innovation (De Mel et
al, 2009; Marcati et al, 2008). The extent to which senior managers’ support and drive innovation within their
firm largely reflects their innovation-orientated attitudes (Hambrick and Mason, 1984; Kraiczy et al, 2015a;
2015b; Rosenbusch et al, 2011). Innovation-orientated attitudes represents their disposition toward innovation
and is comprised of four individual innovation attitudes, namely; support for innovation, risk tolerance,
willingness to change, and openness to external knowledge use. These influence senior managers’ information
search and processing, and through this their firm’s strategy and behaviour in relation to innovation. To date
research has predominately focused on the consequences of innovation-orientated attitudes, with literature
supporting the idea that each significantly influences firms innovation activities (e.g. Kraiczy et al, 2015a;
Musteen et al, 2010). Yet, despite the benefits of senior managers’ possessing innovation-orientated attitudes,
little is known about factors that determine the nature of senior managers’ innovation-orientated attitudes (Talke
et al, 2011; Stock and Zacharias, 2011; Stock et al, 2013).

Attitudes are learned by individuals, meaning attitudes can be changed through the inducement of further learning
processes that provide new evaluative information (Bohner and Dickel, 2011; Burcharth et al, 2014). Prior studies
suggest that public innovation support induces learning within organisations, namely, experiential learning
through the experience of doing the innovation project, and second, inter-organisational learning through
interactions with funded collaborative partners (Autio et al, 2008; Clarysse et al, 2009; Breschi et al, 2009). Here,
we examine whether the learning processes induced by innovation vouchers – a form of public innovation support
targeted toward micro and smaller firms for them to engage in a short-term collaboration with a public or private
organisation (Cornet et al, 2006) - translates into changes in the nature of senior managers’ innovation-orientated
attitudes.

We believe addressing this gap is important for three reasons. First, micro and smaller firms are often resource
constrained, limiting their ability to fund internal interventions (e.g. training) that would induce the learning
processes necessary to positively change their senior managers’ innovation-orientated attitudes (Kotey and Folker,
2007; Burcharth et al, 2014). Hence, innovation vouchers, which in most cases fully fund the innovation project,
may represent an important mechanism for such firms. Second, from an innovation policy perspective, scholars
have continuously argued that a key objective of innovation policy interventions must be to positively change
attitudes to innovation, yet we know little about their effectiveness here (Buisseret et al, 1995; Wong and He,
2003; DITRA, 2006; Afcha, 2011). This is particularly important, as through public innovation support inducing
changes in senior managers’ innovation-orientated attitudes, second-order and longer-term changes (Autio et al,
2008) may be induced in the firms’ innovation strategy and behaviour (Hambrick and Mason, 1984). Finally,
innovation vouchers constitute an increasingly prevalent aspect of the innovation policy mix targeted toward
micro and smaller firms, yet we know little about their effectiveness (Sala et al, 2016; Bakhshi et al, 2015).
1 Here we refer to senior managers’ as the founder of the organisation (84% of cases) and individuals’ who were indicated as members of
the senior manager team (e.g. CEO; COO).
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We empirically examine the impact of innovation vouchers upon senior managers’ innovation-orientated attitudes,
using a dataset of firms that received an innovation voucher between 2012 and 2015, and a control group of those
that did not. Following previous studies (e.g. Karhunen and Huovari, 2015) we employ propensity score nearest
neighbour matching to estimate our results. The matching estimator controls for the non-random self-selection
process involved in obtaining an innovation voucher (Caliendo and Kopeinig, 2008). We also run a sensitivity
analysis to assess the robustness of our results to the influence of unobserved characteristics, different matching
estimators, and different attitudinal measurement scales. We find support for our hypotheses, with innovation
vouchers inducing small positive changes in senior managers’ support for innovation, risk tolerance, willingness
to change, and openness to external knowledge use. Our results contribute to the literature on innovation
orientation by providing new insights into the external determinants of senior managers’ innovation-orientated
attitudes and to the innovation policy literature by providing new empirical evidence on the effectiveness of
innovation vouchers at inducing behavioural additionality at the individual level.

This paper proceeds as follows. First, we discuss the conceptual background to our study and develop our
hypotheses. Next, we overview the dataset used and explain our methodology. Following, we present our results
and robustness checks, before discussing our findings, outlining our contributions and highlighting managerial
and policymaker implications.

CONCEPTUAL BACKGROUND
Senior Management Innovation-Orientated Attitudes
Senior managers are key drivers of innovation within firms, particularly within micro and smaller firms, where
their influence on strategic and behavioural choices is significantly greater (Marcati et al, 2008; De Mel et al,
2009). Senior managers encounter vast amounts of information when making strategic choices and due to human
limitations they can only perceive and interpret a limited portion of this information when making their choices
(Hambrick and Mason, 1984). Which information senior managers perceive and interpret is a function of their
attitudes (Hambrick, 2007). Attitudes limit senior managers’ information search to that of (mostly) attitude
congruent information and influence their interpretations of the information by attaching high importance and
positive understandings to congruent information, and less importance and negative understandings to
incongruent information (Finkelstein et al, 2009; Bohner and Dickel, 2011). Hence, senior managers’ attitudes
significantly influence their interpretation of the available strategic choices and through this, their firm’s strategy,
behaviour and performance (Kraiczy et al, 2015a; Hambrick and Mason, 1984).
While senior managers’ innovation-orientated attitudes have been recognised as important determinants of firms’
innovation activities (Kraiczy et al, 2015a; 2014; Burcharth et al, 2014; Rosenbusch et al, 2011; Musteen et al,
2010; Siguaw et al, 2006), we know little about the determinants of senior managers’ innovation-orientated
attitudes (Talke et al, 2011; Stock and Zacharias, 2011; Stock et al, 2013). Innovation-orientated attitudes refer
to senior managers’ general disposition toward innovation, with highly innovation-orientated attitudes reflecting
a tendency to support innovative behaviours and ideas, tolerate risk, accept change, and be open to new ideas and
knowledge from within and outside the organisation. Innovation-orientated attitudes are comprised of four
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individual innovation attitudes; namely support for innovation, risk tolerance, willingness to change, and openness
to external knowledge use. Support for innovation reflects senior managers’ tendency to actively encourage
creativity and seek new ideas within the firm, and offer support and provide adequate resources to their firms’
innovation activities. Risk tolerance reflects senior managers’ ability and willingness to tolerate and embrace the
risks inherent in the innovation process. Willingness to change reflects senior managers’ tendency to be open to
and embrace change initiatives. Finally, openness to external knowledge reflects senior managers’ tendency to
regularly use and equally value external knowledge in their innovation projects.

In order to examine the determinants of innovation-orientated attitudes, we first need to understand how attitudes
are changed. Attitudes are learned predispositions upon which senior managers act when confronted with
particular stimuli. Attitudinal change occurs when senior managers are provided with new evaluative information
which differs in valence from their current attitude (i.e. contradictory or reaffirming) (Crano and Prislin, 2006).
When the new information is acquired through direct experience (i.e. experiential learning), it is more likely to
result in attitudinal change, than if the information is acquired indirectly (i.e. reading secondary information)
(Bohner and Dickel, 2011). Thus, through further learning processes that (in)directly provide new evaluative
information, attitudes can be changed (Bohner and Dickel, 2011; Burcharth et al, 2014). These learning processes
can be induced through internal (e.g. formal training programs) and external (e.g. public support) interventions
(Burcharth et al, 2014; Clarysse et al, 2009). As micro and smaller firms are typically constrained in their financial
resources (Kotey and Folker, 2007) - limiting their ability to fund such interventions internally - innovation
vouchers may be a particularly important intervention, as they fund a high proportion of the interventions cost.

Innovation vouchers are a prevalent component of the innovation policy mix targeted to micro and smaller firms
throughout Europe. They aim to incentivise firms to collaborate with a public or private organisation to address
an innovation problem the firm is having (Cornet et al, 2006; Sala et al, 2016). Hence, they build on the increasing
understanding that external collaboration with public and private partners is a key source of innovative knowledge
and a key driver of innovation performance (Spithoven et al, 2013). In the U.K., innovation voucher programs
provide organisations with a voucher that has a small monetary value (i.e. £5,000), which is then exchanged with
a university, college or a private sector company, in return for short-term assistance (i.e. 6 months) with their
innovation project. Other variations of innovation vouchers exist throughout Europe, with programs typically
varying in the duration of support, partner types and value offered (see Schade and Grigore (2009) for an
overview).

Undertaking an innovation voucher project may result in two types of learning (Breschi et al, 2009). First,
experiential learning through senior managers’ involvement in the innovation project, and second, interorganisational learning through their interactions with the knowledge provider. While not a direct aim of the
program, these learning processes may result in additional unintended impacts, such as changes in senior
managers’ innovation-orientated attitudes (Autio et al, 2008; Breschi et al, 2009). The concept of additionality
assesses the extent to which innovation vouchers induce intended or unintended impacts (Buisseret et al, 1995).
Specifically, additionality examines whether innovation vouchers result in any additional attitudinal change
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occurring, when compared to the level of attitudinal change that would have occurred in the absence of support
(Georghiou and Clarysse, 2006).

HYPOTHESIS DEVELOPMENT
Support for Innovation

Senior manager support for innovation is considered a key determinant of successful innovation (Felekoglu and
Moultrie, 2014; Somech and Drach-Zahavy, 2013). This is particularly important in micro and smaller firms
where senior managers are the key drivers of innovation and have high levels of decision-making discretion (De
Mel et al, 2009). Support for innovation reflects senior managers’ tendency to actively encourage creativity and
seek new ideas within the firm, and offer support and provide adequate resources to their firm’s innovation
activities (Kraiczy et al, 2015a; Hurley and Hult, 1998; Green, 1995). These tendencies help to drive innovation
within the firm, by fostering an innovation climate, encouraging the development of innovation competences, and
senior managers actively contributing to and adequately resourcing the firm’s innovation activities (Siguaw et al,
2006; Damanpour, 1991). In addition, they highlight the importance of innovation to the firm, which conveys
signals to employees regarding expectations for innovation in their behaviour (Scott and Bruce, 1994). These
signals influence employees’ motivation and perception of the value of innovation within the firm, and thus,
directs the innovativeness of employees’ behaviour (Yuan and Woodman, 2010).
Given the significant evidence of public support inducing learning effects (e.g. Autio et al, 2008; Clarysse et al,
2009; Breschi et al, 2009), we propose that senior manager experience of an innovation voucher project will
generate experiential and inter-organisational learning that positively influences their support for innovation
(Crano and Prislin, 2006). Senior managers’ gain additional experiences of the innovation process through
undertaking their innovation voucher that may result in a greater understanding and improvements in their
innovation competence (Knockaert et al, 2014; Radas et al, 2015). In addition, experiencing the value generated
(e.g. new knowledge or improved competence) through the voucher project, may positively change their attitudes
to innovation (Green and Cluley, 2014). Senior managers may also learn from their interactions with their
knowledge provider, for example, they may gain a solution to or advice on how to tackle their specified problem,
new ideas, new information on markets and technologies, and feedback regarding the efficacy of their project,
which are not available within the firm (Laursen et al, 2011; Spithoven et al, 2013). As external collaborations
are a key source of the new knowledge that enables organisations to enhance their innovative performance
(Leiponen and Helfat, 2010), these interactions may result in senior managers’ strengthening their support for
innovation. Therefore, we suggest that the greater clarity of the innovation process and its value, improved
innovation competence, and the new knowledge acquired through knowledge provider interactions, strengthens
senior manager support for innovation. Thus:
H1: Compared to no treatment, innovation vouchers positively affect senior managers’
support for innovation.
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Risk Tolerance
Innovation requires upfront and ongoing investment of managerial attention and (non)financial resources. Yet,
innovation is an extremely difficult and highly uncertain process, categorized by high failure rates and outcomes
unknown ex-ante (Latham and Braun, 2009). This makes innovation a risky investment for senior managers, as
the payback from their investments is highly uncertain. Whether senior managers decide to make these
investments in innovation is closely related to their risk tolerance (Hurley and Hult, 1998; Greve, 2003). Senior
managers with lower risk tolerances are likely to prefer to invest in established alternatives where the distribution
of returns is more certain. Whereas senior managers with higher risk tolerances are more likely to invest in more
innovative projects where larger variance exists in the potential distribution of returns (Kraiczy et al, 2015b;
Greve, 2003). The tolerance senior managers’ display toward risk will also convey signals to employees about
how much ‘risk’ is appropriate for them to take (Scott and Bruce, 1994). That is, employees who perceive their
senior managers to be less risk tolerant may prefer to continue to undertake established actions, instead of
searching for more innovative alternatives.

Participation in an innovation voucher project enables senior managers to directly confront a moderately risky
decision, as while the innovation voucher greatly reduces the financial risk, senior managers’ still commit time
and non-financial (e.g. materials) resources to the project2. The experience of this decision and of managing the
uncertainty associated with the process is likely to result in experiential learning that positively alters their
perception of the risk, and hence their risk tolerance (Brachert et al, 2015; Bohner and Dickel, 2011; March and
Shapira, 1987). Second, studies have shown that senior managers’ experience of the outcomes of risky decisions
influences their risk preferences (Latham and Braun, 2009). That is, the experience of positive outcomes from
choices involving risk, results in individuals repeating that decision, i.e. becoming more risk tolerant (Denrell and
March, 2001). Thus, given prior studies suggest significant value occurs through public innovation support
(Foreman-Peck, 2013; Knockaert et al, 2014), we suggest that through experiencing a positive payback from their
investment in the innovation voucher project, senior managers may strengthen their risk tolerance, as they now
associate higher rewards and lower risks with these strategic decisions (Greve, 2003). Third, senior managers may
also acquire new knowledge from their interactions with the knowledge provider that may enhance future
innovative efforts. This may strengthen their risk tolerance due to the greater knowledge base upon which they
can innovate in future. Overall:
H2: Compared to no treatment, innovation vouchers positively affect senior managers’ risk
tolerance.

Willingness to Change
Change is an intrinsic part of innovation (Damanpour, 1991). Throughout the innovation process changes may be
induced in how the firm manages projects, organises work and allocates resources, as well as in their
product/service offerings. Change offers opportunities for strategic renewal, but at the same time, is highly
uncertain and challenges the organisational status quo. These attributes can cause senior managers to experience

2 Senior managers also make a small financial investment to cover the
value added tax.
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tax. In the program under study here, this is 20% for U.K.

uncertainty and stress about whether change is beneficial. This may result in attitudinal resistance to change that
prevents innovation initiatives entirely or introduces costs and delays into the innovation process (Val and
Fuentes, 2003; McGuirk et al, 2015). The degree to which senior managers resist change depends on their
willingness to change. Willingness to change will shape how they assess change initiatives and the level of support
and attention senior managers provide to change initiatives, with empirical evidence suggesting senior managers’
willingness to change significantly influences the innovative activities of their organisation (Damanpour, 1991;
Musteen et al, 2006; Musteen et al, 2010).
Participating in an innovation voucher project may result in experiential learning in terms of a greater
understanding of the innovation process, a greater understanding of the value innovation can generate, and
improvements in the senior managers’ innovation competences (Georghiou and Clarysse, 2006; Breschi et al,
2009; Radas et al, 2015). In addition, the interactions with the knowledge provider may lead to inter-organisational
learning in terms of new knowledge, solutions and ideas that can be applied in future innovation projects (Autio
et al, 2008; Clarysse et al, 2009). These two new types of evaluative information likely reduce the uncertainty
senior managers’ associate with change and innovation, due to their greater understanding of it and their improved
ability manage innovation processes in future, resulting in a strengthening of their willingness to change (Musteen
et al, 2006). Thus, we hypothesize:

H3: Compared to no treatment, innovation vouchers positively affect senior managers’
willingness to change.

Openness to External Knowledge Use

Successful innovation increasingly depends on firms’ accessing external knowledge (Leiponen and Helfat, 2010).
Senior manager openness to external knowledge significantly influences the extent to which companies can
successfully access and make use of external knowledge in their innovation activities (Lichtenthaler and Ernst,
2006). When a negatively biased attitude to external knowledge exists (i.e. not-invented here), senior managers
may not search (optimally) for external knowledge due to a belief that sufficient internal knowledge exists, and
when senior managers’ do access external knowledge they may process and interpret it with a negative bias in
relation to internal knowledge (Mehrwald, 1999). This may result in senior managers’ rejecting external
knowledge to the detriment of innovation performance (Menon and Pfeffer, 2003; Burcharth et al, 2014). Senior
managers’ openness to external knowledge use may also influence the search behaviour of their employees’
through signalling (Scott and Bruce, 1994).

Participating in the collaborative interactions funded by the innovation voucher may to lead to experiential
learning in terms of a greater understanding of how to interact with and manage external partners, as well as of
the value that external collaborations can generate (Love et al, 2014; Breschi et al, 2009). Through the interactions
senior managers’ may also improve existing and develop new capabilities that enable them to better engage in
and benefit from external collaborations in future (Love et al, 2014). Inter-organisational learning is also likely to
occur, with senior managers acquiring new knowledge, ideas and solutions that may enhance their future
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innovation efforts (Leiponen and Helfat, 2010). These mechanisms suggest that new evaluative information is
provided to the senior manager in terms of their increased ability to participate in external collaborations, a greater
understanding of the benefits associated with external knowledge, and new knowledge gained from the
collaboration that may enhance the future innovative efforts of the organization. Thus, we hypothesize:

H4: Compared to no treatment, innovation vouchers positively affect senior managers’
openness to external knowledge.

DATA AND EMPIRICAL STRATEGY

The dataset used here comes from a survey undertaken during 2015 in the United Kingdom. The survey was
administered to organisations that received an innovation voucher from Innovate U.K. (IUK) between 2012 and
2015, and to a similar group of companies that had not received an innovation voucher from IUK during this
period. IUK is the U.K. government’s national innovation agency, responsible for providing approximately £500
million of innovation support to U.K. firms. They run the largest innovation voucher program within the U.K,
supporting approximately 2,500 firms since 2012. In order to be eligible for the program firms must be a micro,
small or (less prevalent) medium sized firm3 that requires assistance with a problem representing a significant
challenge for the company (e.g. new product development). In addition, the firm cannot have previously worked
with their proposed partner and can only receive one voucher (InnovateUK, 2012). Vouchers are awarded via
random allocation among the firms that apply and meet these criteria (InnovateUK, 2012). Each voucher is worth
a maximum of £5,000 and must be used within 6 months of approval.
Firms that had received IUK innovation vouchers were identified using IUK’s register of public innovation
support4. Between September 2012 and May 2015, 2541 firms were awarded an innovation voucher. The survey
was administered via telephone to 1,073 of these firms, which had completed their innovation voucher and were
contactable via telephone5. After removing observations with systematic missing data, 366 responses were
received representing a response rate of 34.10%. For this study, we focus on a sub-set on the responses where the
respondent was the founder (84% are founders) or it was indicated they were a member of the senior management
team6. This leaves us with 323 (30.10% RR) in the treatment group. The sample is broadly representative of the
population in terms of geographic region, firm size and amount claimed. For the control group, the sample was
selected to mirror the distribution of size and industry characteristics. Email addresses were obtained from
Kompass for the founder, CEO or a senior manager of each organisation. The same survey7 was administered to
3,256 firms’ senior managers’ via email in 2015, with two follow up reminders sent. After removing observations
with systematic missing data, 297 responses were received representing a response rate of 9.12%. The control
3 Per EU Definition: 250 employees or fewer.
4 https://www.gov.uk/government/publications/innovate-uk-funded-projects
5 Contact information for the firms was obtained via online searches. As most firms had a telephone number available, but not an email
address, we decided to deploy the survey via telephone for the treated firms.
6 The remainder were predominately CEOs, COO, operations directors et cetera.
7 The only difference in the surveys was questions related to the innovation voucher (e.g. partner type) were not included for the control
group.
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sample is broadly representative of the underlying population, mitigating non-response bias. Of the total sample,
87.23% are micro firms, 10.61% are small firms and 2.15% are medium firms: 95.19% of the firms have 20
employees or less, hence, we are primarily concerned with very small firms here.

As the two surveys had a single respondent per firm, there is a need to check for common method bias. As our
treatment variable is obtained from an external source (i.e. U.K. public support records) and not self-reported,
common method bias is less of a concern. Nevertheless, we checked for common method bias using Harmon’s
one-factor test (Podsakoff and Organ, 1986). We performed a factor analysis for each dependent variable,
including all explanatory and control variables. The factor analyses retained four factors with eigenvalues greater
than 1 in all cases. The first factor explains approximately 34% of the variance in the unrotated and varimax
rotated analyses, suggesting common method bias is not a significant problem.

Econometric Method
Public innovation support typically has two forms of selection. First, firms self-select into a program and second,
policymakers select which to fund (Karhunen and Huovari, 2015). However, the innovation vouchers understudy
here are allocated in a random draw (InnovateUK, 2012). That is, firms self-select into the program and the
innovation vouchers are awarded randomly. This allocation mechanism has been employed in other programs
(e.g. Bakhshi et al, 2015); however, it is not common practice across innovation voucher programs within the
U.K. (e.g. Interface Scotland). When comparing effectiveness across innovation voucher programs, it is necessary
to account for these allocation differences. The self-selection mechanism means that firms who apply may differ
in their underlying characteristics from those who do not. These differences may influence the outcomes of interest
meaning the selection effect needs to be explicitly modelled. Matching estimators are a prevalent technique
employed to estimate the effectiveness of public innovation support while accounting for selection bias (Karhunen
and Huovari, 2015). Here we employ nearest neighbour propensity score matching to estimate our treatment
effects (PSM). We chose PSM as it has been shown to generate estimates consistent with true experimental
conditions (e.g. Dehejia and Wahba, 1999) and requires no assumptions regarding functional form and error term
distributions (Caliendo and Kopeinig, 2008). However, a caveat is matching only controls for selection on
observable characteristics; thus, we must maintain an assumption that we observe all important determinants in
our models (Caliendo and Kopeinig, 2008). We examine the validity of this assumption in the robustness checks.

Our fundamental question refers to how much additional senior manager attitudinal change occurred when the
firm received an innovation voucher, when compared to the counterfactual scenario of the same firm not receiving
an innovation voucher. The below equation illustrates this question as the average treatment effect on the treated
(ATT):
ATT = E (AT|V = 1) – E (AC|V = 1)

(1)

Where V refers to treatment status; V=1 for the treatment group and V=0 for the control group. AT refers to the
outcome variable and AC the potential outcome realised if the same participant had not been treated. However, as
AC cannot be directly observed - cannot participate and not participate simultaneously – it has to be estimated
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from a control group that did not receive an innovation voucher. However, due to the selection bias outlined
above, it cannot simply be the mean difference in the outcomes of participants and a general sample of nonparticipants (Caliendo and Kopeinig, 2008). We employ Rubin’s (1977) conditional independence assumption
(i.e. potential outcome and participation are statistically independent for those with the same set of exogenous
characteristics) to overcome this selection bias. This allows us to estimate the counterfactual outcome from a
control group of non-treated that are similar in exogenous characteristics. Matching enables us to identify those
with the same set of exogenous characteristics by finding in a group of nonparticipants those who are most similar
to the treated firms. If the matching is successful:
E (AC |V = 1, X) = E (AC |V= 0, X)

(2)

and the ATT becomes:
ATT = E(AT |V = 1, X = x) − E(AC |V = 0, X = x)

(3)

Here, we conduct nearest neighbour propensity score matching, that is, we pair each treated firm with their closest
non-recipient8. The pairs are selected based on their similarity on the propensity score, that is, their probability of
receiving an innovation voucher conditional on their characteristics (Rosenbaum and Rubin, 1983). The
propensity score stems from a probit model, with the dependent variable a dummy indicating receipt of an
innovation voucher, and the independent variables, the firm and senior manager background characteristics that
determine receipt of an innovation voucher (Caliendo and Kopeinig, 2008). We match on the propensity score to
overcome the “curse of dimensionality” (see Rosenbaum and Rubin, 1983).
In matching, a key assumption is that sufficient overlap exists between control and treated groups (i.e. common
support). We estimate the area of common support using the pscore program (Caliendo and Koepinig, 2008). Here
this equates to 0.06927708 and 0.96424645. Observations with propensity scores outside this region are dropped,
removing one observation. Since, the number dropped is small this poses few problems. Second, we examine the
density distribution of the propensity scores in the treated and control groups (Figure 1) (Caliendo and Kopeinig,
2008) to understand if within the region of common support, the two groups display similar distributions. Further,
even when the overlap assumption is satisfied, it remains that large gaps may exist between the propensity scores
of the two closest firms available for match. This would lead to poor matches and bias evaluation results, as the
two firms being compared are not that comparable. To avoid ‘bad matches’ we implement a caliper restriction
(Caliendo and Kopeinig, 2008), which imposes a threshold to the maximum distance allowed between matched
firms. If the distance is above this threshold, the treated observation is dropped from the sample to avoid biasing
the estimates (Caliendo and Kopeinig, 2008). Here, we follow best practice in the additionality literature (e.g.
Czarnitzki and Delanote, 2015) by implementing a 0.05 caliper.

8 We use the teffectspsmatch command in Stata 14. Number of matches requested is one. However, teffects psmatch matches to all firms that are tied for the closest
propensity score. This means in some cases two matches are used.
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Treatment Variable
We consider whether the firm has received an innovation voucher from IUK between the years 2012 and 2015.
This takes the form of a dummy variable, equal to 1 if the firm received an innovation voucher and 0 otherwise.

Dependent Variables
We use four attitudinal variables as our outcome variables, namely; support for innovation, risk tolerance,
willingness to change, and openness to external knowledge use. To measure each of these factors, we adapted
four items for each attitude from previously deployed scales (Hurley and Hult, 1998; Kraiczy et al, 2015a) (Table
1). Respondents indicated on a five-point Likert-scale the extent to which they agreed or disagreed with each
statement. Exploratory factor analysis was undertaken to understand if the four measures for each attitude could
be reduced to one variable; one-factor solutions are suggested in all cases per eigenvalues and scree plots9. All
items load highly (>0.35) onto their respective factors. To generate the factors, we add the four scores together
and divide by four (e.g. 4+4+4+4=16/4=4)10. A high score on the variable indicates a highly positive attitude
(e.g., a five would indicate very strong support for innovation). Cronbach’s Alpha for the four outcome variables;
support for innovation was .896, risk tolerance was .753, willingness to change .692 and attitude to external
knowledge .762, suggesting internal validity of our measures.

**** INSERT TABLE 1 HERE ****
Control Variables
We include a number of firm and senior manager level variables in our probit model that are likely to influence
treatment status and senior managers’ innovation-orientated attitudes. First, we include firm age as older firms
are often more reluctant to pursue innovation (Balasubramanian and Lee, 2008). We also allow for a potential
non-linear relationship by including firm age squared. Second, we include firm size measured as the number of
employees in 2012, to control for size influences. Third, we include R&D active, which is a dummy variable
indicating whether the firm had any R&D employees during 2012. We would expect R&D active firms to possess
greater levels of absorptive capacity, improving their ability to benefit from the collaborative relationship funded
by the innovation voucher (Leiponen and Helfat, 2010), and thus, increasing their likelihood to apply. In addition,
such firms are likely more innovative, and hence their senior managers’ may possess more innovation-orientated
attitudes. Fourth, we include human capital, measured as the percentage of employees that had a third level degree
or higher in 2012. Higher levels of human capital may result in higher innovativeness and thus, a higher likelihood
to apply for an innovation voucher and for their senior managers’ to possess more innovation-orientated attitudes
(McGuirk et al, 2015). Fifth, we include export, a dummy variable equal to one if the firm exported during 2012.
Firms that engage in export markets are more innovative, potentially due to the learning that occurs from
participation in export markets, and thus, may be more likely to apply for innovation vouchers and for their senior
managers’ to possess more innovation-orientated attitudes (Golovko and Valentini, 2011). Following matching
9 Results available upon request.
10 We adopt the simple-sum approach to generating factor scores as this maintains the variation in the original data and enhances
interpretability of the results. To ensure the robustness of our results, we also ran the main models using a “refined” factor scores, namely
Barlett Scores. In this, the factor score remains highly correlated to the corresponding factor and the factor loadings are accounted for (See
Distefano et al (2009). The results hold when Barlett scores are used as the dependent variables. Results available upon request.
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best practice, as size, human capital, R&D active and export may be affected by treatment – thus, obscuring some
of the treatment effect - we measure them at the beginning of the voucher period to avoid endogeneity (Caliendo
and Kopeinig, 2008).

We also include NTBF, a dummy variable equal to one if the firm is a high or medium technology firm that is
less than five years old. Prior studies have found NTBF firms to have higher innovative performance and growth,
and to benefit more from participation in public support programs (Czarnitzki and Delanote, 2015). Finally, at the
firm level we include five industry dummy variables, high-technology manufacturing, medium-technology
manufacturing, low-technology manufacturing, knowledge intensive business services, and primary and other
industries, to account for industry effects. At the individual level of the senior manager, we first account for their
human capital, captured via an ordinal education variable ranked between 1 and 3: less than higher education,
bachelors degree and postgraduate degree. Those with more advanced levels of education may be more likely to
invest in R&D and support innovation, thus, increasing the firm’s likelihood of applying and senior managers’
possessing more innovation-orientated attitudes (Barker and Mueller, 2002; Honjo et al, 2014). We also include
other career experience, an ordinal variable indicating how many different industries the senior manager has
worked in scaled between 1 and 5. Those with a greater diversity of career experiences may be proficient in
multiple knowledge domains, have greater diversity of knowledge and higher absorptive capacities, increasing
their propensity to apply and possess more innovation-orientated attitudes. Further, we account for their enterprise
tenure, an ordinal variable indicating how many years they have been at the enterprise, as prior studies have found
senior managers’ with longer tenures are less inclined to innovate (Barker and Mueller, 2002). We also account
for the senior managers’ age, measured via a dummy variable equal to one if the senior manager is 55 years or
older. We choose this measure as past studies indicate that older senior managers’ are more conservative, and
hence less innovative (Hambrick and Mason, 1984; Barker and Mueller, 2002). Finally, we account for the senior
managers’ functional background measured by a dummy variable, equal to one if the senior manager has a science,
engineering or technology background. Senior managers with this background have been found to invest more in
R&D, and hence be more innovative (Barker and Mueller, 2002)11.

Descriptive Statistics
Table 2 presents the descriptive statistics. As can be seen, most means of our dependent and independent variables
differ meaningfully between the treated and control firms. Treated firms on average seem to be younger, smaller,
more R&D and export active and have greater human capital. Treated firm senior managers also seem to have a
higher level of education, greater other career experiences, shorter tenures and possess more innovation-orientated
attitudes.
**** INSERT TABLE 2 HERE ****
RESULTS
We first run a probit model to estimate the predicted probability of a firm selecting into an innovation voucher
(i.e. propensity score). As shown in table 3, R&D and export active are positive predictors of selection into an

11 Multicollinearity was assessed, with a mean VIF of 2.10 and no variables exceeding the 10 threshold. Firm age and firm age squared were 8.01 and 5.99 respectively;
these high VIFs are not a concern for multicollinearity given one is a power product of the other. Thus, no multicollinearity issues were detected.
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innovation voucher program. Senior managers having a science, engineering or technology background is a
significant positive driver, while enterprise tenure is a significant negative driver of selection. Contrary to
expectations, the remaining firm and senior manager level characteristics are all insignificant.
**** INSERT TABLE 3 HERE ****
Second, we match firms based upon the propensity score using the nearest-neighbour method (Rosenbaum and
Rubin, 1983). Before we examine our results however, it is imperative to examine how effective the matching has
been in balancing the distribution of characteristics in the treatment and control groups. We do this by graphing
the density scores pre and post matching (Caliendo and Kopeinig, 2008). As can be seen in figure 1, differences
in the density scores prior to matching have largely been removed, with both samples post-matching displaying
very similar density distributions. Standardised mean differences and t-tests also indicate little difference
remaining post-matching12. Thus, we can conclude the matching was successful in balancing the distribution of
relevant covariates and the innovation voucher caused the remaining differences in our outcome variables.

**** INSERT FIGURE 1 HERE ****
Our results are shown in Table 4 as ATT. We find support for hypothesis 1, as innovation vouchers have a small
positive impact on senior managers support for innovation, strengthening their attitude by 0.202 points or 4.04%
(p<0.01). We also find support for hypothesis 2, as innovations vouchers have a small positive impact on senior
managers’ risk tolerance, strengthening their attitude by 0.307 points or 6.15% (p<0.01). Further, we find support
for hypothesis 3, as innovation vouchers have a small positive impact on senior managers’ willingness to change,
strengthening their attitude by 0.157 points or 3.14% (p<0.01). Finally, we find support for hypothesis 4, as
innovation vouchers have a positive impact on senior managers’ openness to external knowledge, strengthening
their attitude by 0.268 points or 5.36% (p<0.01).

**** INSERT TABLE 4 HERE ****
ROBUSTNESS CHECKS
We test the robustness of our results against three scenarios. First, prior innovation studies suggest respondents
have difficulty making fine-grained distinctions on Likert scales, for example between agree and strongly agree,
which may introduce measurement error (Leiponen and Helfat, 2010). To examine if this influences our results,
we generate new dummy variables for each of the 16 attitudinal measures, equal to one if the respondent agreed
or strongly agreed, and zero otherwise. We then sum the 16 attitudinal measures into their four respective
attitudinal variables; these form a score between 0 and 4. We re-estimate our models with the new variables as
our dependent variables. As seen in table 5, we again find small statistically significant positive impacts, indicating
the robustness of our results.
**** INSERT TABLE 5 HERE ****

12 Available from the authors upon request.
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Second, while different matching estimators generate the same results when undertaking exact matches with
growing samples, when the sample is smaller, treatment estimates may differ by matching estimator (Caliendo
and Kopeinig, 2008). To understand how sensitive our results are to our choice of matching estimator, we reestimate our treatment effects using three other matching estimators. First, radius matching, which matches only
those control and treatment firms within a pre-defined range on the propensity score 13. Second, stratification
matching, which divides the propensity score into a set of intervals and within each interval estimates treatment
effects using the mean difference between the control and treatment groups 14. Finally, kernel matching which uses
a weighted average of all control firms to construct the counterfactual 15. As can be seen in figure 2, kernel and
stratification matching estimators find broadly similar results to our main estimates, while, radius matching seems
to slightly overestimate the treatment effects. Thus, our estimates appear robust across matching estimators.
**** INSERT FIGURE 2 HERE ****
Finally, matching relies on the conditional independence assumption, yet only controls for observables
characteristics, meaning some unobservable characteristics (i.e. hidden bias) may exist that would violate this
assumption. As this assumption is directly untestable, a sensitivity analysis can provide insight about whether
plausible hidden bias exists that would undermine the implications of our matching results (Caliendo and
Kopeinig, 2008). We implement a simulation based approach (Nannicini, 2007; Binder and Coad, 2013)16 that
assesses sensitivity by including simulated dummy variables in the propensity model that each represent different
severities of hidden bias (See Ichino et al (2008) for a detailed explanation of this approach) 17. First, we simulate
a variable that mimics senior managers’ postgraduate education (Nannicini, 2007), which represents hidden bias
in terms of senior managers’ ability that would influence their treatment status and innovation-orientated attitudes.
Second, we follow Nannicini (2007) by generating two variables; the first considers the presence of a neutral
hidden bias (i.e. occurs equally in all groups) and the second, a hidden bias that occurs much more when the firm
is treated or has above median innovation-orientated attitudes (i.e. strong confounder). If our treatment estimates
go to zero under any plausible scenario, then our results are not considered robust to hidden bias (Nannicini,
2007). As seen in Table 6, the treatment estimates are similar to our main estimates when considering the presence
of a neutral hidden bias and hidden bias that mimics senior manager ability (i.e. postgraduate education). A strong
hidden bias roughly halves the treatment estimates for support for innovation, and reduces it by approximately
60-65% for the other three attitudes. As none of the treatment estimates reach zero, we can conclude that hidden
bias would not significantly influence the implications of our results (Nannicini, 2007; Ichino et al, 2008).
**** INSERT TABLE 6 HERE ****

13 We apply a 0.05 radius in line with the 0.05 caliper restriction used in our main estimations.
14 The number of strata comes from pscore in Stata.
15 We implement a Gaussian Kernel, as standard in the attk Stata program.
16 We use the sensatt program in Stata (Nannicini, 2007) to run this analysis.
17 The sensitivity analysis is conducted on a binary transformation of the outcome variables (Nannicini, 2007). We use the median as it is the program standard.

14

DISCUSSION AND CONCLUSIONS
This paper has examined how innovation vouchers influence the nature of senior managers’ innovation-orientated
attitudes within micro and smaller firms, thus, providing new insights into the determinants of senior managers’
innovation-orientated attitudes. We hypothesised that through participation in innovation vouchers, senior
managers experience experiential and inter-organisational learning that results in positive changes in their
innovation-orientated attitudes. We find that innovation vouchers induce small statistically significant positive
changes in senior managers’ support for innovation, risk tolerance, willingness to change, and openness to external
knowledge use. Our results suggest that innovation vouchers are an important external determinant of senior
managers’ innovation-orientated attitudes.

Our results contribute to the innovation orientation and innovation policy literatures. First, we contribute to the
innovation orientation literature by providing new insights into the determinants of senior managers’ innovationorientated attitudes. Specifically, we demonstrate that innovation vouchers are an external determinant of senior
managers’ innovation-orientated attitudes, thereby, responding to the lack of knowledge on the determinants of
senior manager innovation-orientated attitudes (Talke et al, 2011; Stock and Zacharias, 2011; Stock et al, 2013).
In addition, our results extend prior studies which have focused on innovation orientation in large firms and SMEs
(e.g. Kraiczy et al, 2015a), by examining innovation orientation in a sample of predominately micro firms. For
micro and smaller firms aiming to enhance their innovation activities, our results suggest that innovation vouchers
represent an important mechanism to induce the learning processes that result in positive changes in their senior
managers’ innovation-orientated attitudes. As such firms are often resource constrained, inhibiting their ability to
induce these learning processes through internal interventions (e.g. training) (Kotey and Folker, 2007), innovation
vouchers may be a particularly important mechanism.
.
Second, we offer a series of contributions to the innovation policy literature. First, we contribute new empirical
evidence on the effectiveness of innovation vouchers at inducing behavioural additionality (Sala et al, 2016;
Clarysse et al, 2009). Our results offer support to previous findings of innovation vouchers having small positive
impacts on firms innovativeness (e.g. Bakhshi et al, 2015; Sala et al, 2016), and add to our understanding by
demonstrating that innovation vouchers induce small positive changes in senior managers’ support for innovation,
risk tolerance, willingness to change and openness to external knowledge. While, the magnitude of the impacts
(i.e. 3.14% to 6.15% increase) observed here on innovation-orientated attitudes and in other studies (Bakhshi et
al, 2015; Sala et al, 2016) on innovation intentions and collaboration is small; a small benefit would be expected
given the short duration of the support and the limited resources provided. The magnitude of the effect also aligns
with a recent meta-analysis on the impacts of public innovation support, where Dimos and Pugh (2016) found
small positive impacts. Overall, our results strengthen the rationale for future innovation voucher interventions
by empirically demonstrating innovation vouchers induce small positive changes in the innovation-orientated
attitudes of senior managers. For policymakers, our results suggest innovation vouchers are a useful instrument
to increase the innovativeness of micro firms, which are increasingly viewed as a key future source of innovation
within economies (Roper and Hewitt-Dundas, 2015; Baumann and Kritikos, 2016).
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The small positive influence on senior managers’ innovation-orientated attitudes also suggests that innovation
vouchers may induce second-order impacts on firm’s innovation activities, through their influence on senior
managers decision-making and behaviour (Hambrick and Mason, 1984; Kraiczy et al, 2015a). For example,
innovation vouchers strengthening senior managers’ innovation-orientated attitudes may result in senior
managers’ forming stronger strategic intentions to innovate and utilising greater amounts of external knowledge
in their future innovation activities. This demonstrates the importance of incorporating the under-developed
attitudinal component of behavioural additionality into the design and evaluation of public innovation support
(Buisseret et al, 1995; Wong and He, 2003; DITRA, 2006; Afcha, 2011); as by influencing the attitudes of senior
managers and other organizational members (e.g. unit heads), public support may induce the longer-term changes
in innovation strategy and behaviour sought by policymakers (Roper and Hewitt-Dundas, 2016). This potential
influence on firms’ future innovation activities highlights the need for more longitudinal evaluation designs when
examining the impacts of innovation vouchers, and public innovation support more generally.

Third, while prior studies examining the effectiveness of public support (Karhunen and Huovari, 2015; Afcha,
2011) and innovation vouchers (Sala et al, 2016; Bakhshi et al, 2015) have focused on firm level implications,
we respond to calls for greater examination of behavioural additionality within the organisation (e.g. Gok and
Edler, 2012). We add to the literature by demonstrating that innovation vouchers induce behavioural additionality
through individuals. Broader strategic management and innovation literature increasingly recognises that to gain
more granular understandings of organisations we need to examine the individuals that comprise those
organisations (e.g. Felin and Foss, 2005). Our findings support this idea, highlighting the need for policymakers
and scholars to consider the individual level impacts of public innovation support, if more accurate and
comprehensive understandings of its effectiveness are to be obtained. The individual perspective may also offer
a potential explanation for the heterogeneous impacts of public innovation support observed across firms, in that
the individuals participating in the programs on behalf of their organisation differ in their cognitions, abilities and
knowledge, resulting in them responding differently to treatment. Finally, the probit model indicating that senior
manager level factors drive participation into the program highlights the need to account for individual level
factors in future matching studies if they are to successfully satisfy the conditional independence assumption
central to matching validity.

Our study also has several limitations. First, our study is limited to examining the impact of IUK innovation
vouchers. While this was advantageous in enabling us to control for across program differences (e.g. length of
support, selection vs no selection and funding conditions), further studies could examine the impact of other
innovation voucher programs, and compare these results across program iterations to gain a better understanding
of innovation voucher effectiveness and the impact of program design. Second, as our data is cross-sectional and
we employ propensity score matching methods, we are only able to control for observable differences in one
period. While we find our results are generally robust against unobserved heterogeneity, future studies should
strive to collect and use panel data, with before and after observations, to control for selection on (un)observables,
and gain a better understanding of innovation voucher effectiveness (over time). Moreover, these datasets would
enable the examination of the second-order impacts we theorised. Third, here and in the few past studies on
innovation vouchers, only the effectiveness from the firm perspective is examined. All innovation vouchers
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involve the participation of a knowledge provider, who likely obtains some benefit – for example, additional
publications, new connections, learning et cetera. Omitting this perspective under-estimates the effectiveness of
innovation vouchers, hence future research could examine whether (and how) knowledge providers benefit from
innovation vouchers.
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APPENDIX
Table 1: Dependent Variable Measures
Variables
Support for Innovation

Risk Tolerance

Willingness to Change

Attitude to External Knowledge

Measures
I encourage creativity
I actively seek innovative ideas
I try to assist in developing new ideas
I want to provide adequate resources to innovative activities.
I frequently venture into unknown territory on projects.
I strongly encourage employees to take risks.
I perceive innovation as too risky and resist it ®
I am willing to stick my neck out and take risks.
All organisational structures become redundant in time and need to be revitalised.
I often resist change ®
I feel that change is generally beneficial
I am open to change
I regularly use knowledge from external partners in innovative projects.
The application of external knowledge to our innovation projects is as valuable as the
application of knowledge generated internally.
Knowledge from external sources significantly contributes to our innovative efforts.
I have more trust in knowledge generated internally, than in knowledge generated
externally.

*® means reverse scored
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Table 2: Descriptive Statistics
Treated
Variables

Mean

Std. Dev

Control
Mean

Std. Dev

T-Test
***
***
***
***

Dependent Variables
Support for Innovation
Risk Tolerance
Willingness to Change
External Knowledge Use

4.61
4.04
4.10
3.93

0.50
0.62
0.50
0.63

4.23
3.58
3.81
3.47

0.78
0.83
0.66
0.74

Independent Variables
Firm Age
Firm Age Square
Employment
R&D Active
Human Capital
Export
High-Tech
Med-Tech
Low-Tech
KIBS
Primary and Other
NTBF
SM Education
SM Enterprise Tenure
SM Other Career Experience
SM Science, Engineering or Tech Background
SM Age

10.69
380.28
5.28
0.69
53.17
0.32
0.05
0.15
0.15
0.43
0.04
0.28
2.27
2.40
3.02
0.49
0.23

16.33
2223.11
11.49
0.46
43.74
0.47
0.22
0.36
0.36
0.49
0.20
0.45
0.74
1.10
1.37
0.50
0.42

12.57
359.29
7.03
0.48
39.48
0.22
0.10
0.05
0.12
0.23
0.05
0.12
2.01
2.73
2.77
0.30
0.35

14.20
1636.18
23.75
0.50
42.96
0.41
0.30
0.23
0.33
0.42
0.22
0.33
0.83
1.16
1.31
0.46
0.47
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***
***
***
**
***
***
***
***
***
**
***
***

Table 3: Probit Model Results
Variables

Coeff.

Std. Err.

Z

Firm Age
Firm Age Square
Employment
R&D Active
Human Capital
Export
High-Tech
Med-Tech
Low-Tech
KIBS
Primary and Other
NTBF
SM Education
SM Enterprise Tenure
SM Other Career Experience
SM Science, Engineering or Tech Background
SM Age

-0.004
0.000
-0.005
0.500***
0.000
0.314**
-0.157
0.855***
0.641***
0.705***
0.498*
0.316
0.131
-0.130*
0.063
0.229*
-0.184

0.010
0.000
0.003
0.142
0.001
0.144
0.249
0.231
0.184
0.164
0.273
0.193
0.082
0.072
0.044
0.124
0.132

-0.42
0.91
-1.42
3.51
0.55
2.18
-0.63
3.70
3.47
4.29
1.83
1.64
1.60
-1.79
1.44
1.84
-1.39

Constant
Observations
Log-Likelihood
Chi-square
McFadden R2

-0.932***
562
-321.97
131.38
0.1694

0.292

-3.19
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Table 4: Propensity Score Nearest Neighbour Matching Results
Variables

Observations

Support for Innovation

561

ATT

Treated
(Max 5)
4.61

Control
(Max 5)
4.41

Difference

AI Robust S.E.

Difference as %

Z

0.202***

0.063

4.04%

3.19

Risk Tolerance

561

ATT

4.04

3.73

0.307***

0.079

6.15%

3.86

Willingness to Change

561

ATT

4.11

3.95

0.157***

0.058

3.14%

2.67

External Knowledge
561
*** p ≤ 0.01 ** p≤0.05 * p≤0.10

ATT

3.93

3.66

0.268***

0.072

5.36%

3.68

Table 5: Robustness Check - Propensity Score Nearest Neighbour Matching Dummy Dependent Variables

Variables

Observations

Treated
(Max 4)

Control
(Max 4)

Difference AI Robust S.E.

Z

Support for Innovation

561

ATT

3.80

3.57

0.236***

0.084

2.82

Risk Tolerance

561

ATT

3.04

2.47

0.572***

0.123

4.63

Willingness to Change

561

ATT

3.27

3.00

0.274**

0.115

2.37

External Knowledge
*** p ≤ 0.01 ** p≤0.05 * p≤0.10

561

ATT

2.84

2.40

0.434***

0.146

2.96
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Table 6: Sensitivity Analysis for Influence of Unobserved Characteristics
Outcome Effect18
Support For Innovation
No Cofounder
Neutral Cofounder
Strong Cofounder
Postgraduate
Risk Tolerance
No Cofounder
Neutral Cofounder
Strong Cofounder
Postgraduate
Willingness to Change
No Confounder
Neutral Cofounder
Strong Cofounder
Postgraduate
External Knowledge
No Cofounder
Neutral Cofounder
Strong Cofounder
Postgraduate

Selection Effect19

ATT

S.E.

1.063
4.181
2.594

1.020
6.476
1.478

0.202
0.205
0.101
0.189

0.063
0.102
0.135
0.108

1.077
4.143
1.982

1.023
6.618
1.473

0.307
0.237
0.110
0.223

0.079
0.120
0.158
0.126

1.058
4.257
1.803

1.017
6.568
1.500

0.157
0.156
0.055
0.148

0.058
0.091
0.123
0.097

1.051
4.234
2.119
1.051

1.021
6.388
1.454
1.021

0.229
0.108
0.215
0.229

0.104
0.136
0.108
0.104

18 The outcome effects refer to the average odds ratio of the simulated variable occurring when the firm is not treated and the senior manager has an above median innovation-orientated attitude.
19 The selection effects refer to the average odds ratio for the firm receiving the treatment when the simulated variable occurs.
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Figure 1: Density Distributions of Propensity Score Pre and Post Matching
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Figure 2: Robustness Check – Treatment Effect Estimations by Different Matching Approaches

Comparison of Matching Methods
0.4
Nearest-Neighbour
Kernel
0.35
Stratificiation
Radius
0.3

0.25

0.2

0.15

0.1

0.05

0
Support For Innovation

Risk Tolerance

Willingness To Change

24

External Knowledge

References
Afcha, S.M., 2011. Behavioural additionality in the context of regional innovation policy in Spain. Innovation
Management Policy & Practice, 13(1), pp. 95-110.
Autio, E., Kanninen, S. and Gustafsson, R. 2008. First and second order additionality and learning outcomes in
collaborative R&D programs. Research Policy. 37(1), pp. 59-76.
Bakhshi, H., Edwards, J.S., Roper, S., Scully, J., Shaw, D., Morley, L., and Rathbone, N. 2015. Assessing an
experimental approach to industrial policy evaluation: Applying RCT+ to the case of Creative Credits. Research
Policy. 44(8), pp. 1462-1472.
Balasubramanian, N. and Lee, J. 2008. Firm age and innovation. Industrial and Corporate Change. 17(5), pp.
1019-1047.
Barker, V.L. and Mueller, G.C. 2002. CEO characteristics and firm R&D spending. Management Science. 48(6),
pp.782-801.
Binder, M. and Coad, A. 2013. Life satisfaction and self-employment: A matching approach. Small Business
Economics. 40(4), pp. 1009-1033.
Bohner, G. and Dickel, N., 2011. Attitudes and Attitude Change. Annual Review of Psychology, 62(1), pp. 391417.
Brachert, M., Hyll, W. and Sadrieh, A. 2015. The impact of self-employment experience on the attitude towards
employment risk. Druid Conference, Rome.
Breschi, S., Cassi, L., Malerba, F. and Conortas, N. 2009. Networked research: European policy intervention in
ICTs. Technological Analysis and Strategic Management. 21(7), pp. 833-857.
Buisseret, T.J., Cameron, H.M. and Georghiou, L., 1995. What difference does it make? Additionality in the
public support of R&D in large firms. International Journal of Technology Management, 10(4/5/6), pp. 587-600.
Burcharth, A.L.D.A., Knudsen, M.P. and Sondergaard, H.A. 2014. Neither invented nor shared here: The impact
and management of attitudes for the adoption of open innovation practices. Technovation. 34(3), pp. 149-161.
Caliendo, M. and Kopeinig, S. 2008. Some practical guidance for the implementation of propensity score
matching. Journal of Economic Surveys. 22(1), pp. 31-72.
Clarysse, B., Wright, M., Mustar, P. 2009. Behavioural additionality of R&D subsidies: A learning perspective.
Research Policy. 38(10), pp. 1517-1533.
Cornet, M., Vroomen, B. and Steeg, M.V.D. 2006. Do innovation vouchers help SMEs to cross the bridge towards
science? Available from: http://core.ac.uk/download/files/153/6670684.pdf. Accessed: 28/01/2016.
Crano, W.D. and Prislin, R. 2006. Attitudes and persuasion. Annual Review of Psychology. 57(1), pp. 345-374.
Czarnitzki, D. and Delanote, J. 2015. R&D policies for young SMEs: Input and outputs effects. Small Business
Economics. 45(3), pp. 465-485.
Damanpour, F., 1991. Organisational innovation: A meta-analysis of effects of determinants and moderators.
Academy of Management Journal, 34(5), pp. 555-590.
De Mel, S., McKenzie, D.J. and Woodruff, C.M., 2009. Innovative firms or innovative owners? Determinants of
innovation in micro, small, and medium enterprises. Determinants of Innovation in Micro, Small, and Medium
Enterprises. World Bank Policy Research Working Paper.

25

Dehejia, R.H. and Wahba, S. 1999. Causal effects in nonexperimental studies: Reevaluating the evaluation of
training programs. Journal of the American Statistical Association. 94(448), pp. 1053-1062.
Denrell, J. and March, J.G. 2001. Adaptation as information restriction: The hot stove effect. Organization
Science. 12(5), pp. 523-538.
Dimos, C. and Pugh, G. 2016. The effectiveness of R&D subsidies: A meta-regression analysis of the evaluation
literature. Research Policy. 45(4), pp. 797-815.
DITRA, 2006. Behavioural additionality of business R&D grant programmes in Australia. Government R&D
funding and company behaviour: Measuring behavioural additionality. Paris: OECD, pp. 39-57.
Felekoglu, B. and Moultrie, J. 2014. Top management involvement in new product development: A review and
synthesis. Journal of Product Innovation Management. 31(1), pp. 159-175.
Felin, T. and Foss, N. 2005. Strategic organization: A field in search of micro-foundations. Strategic
Organisation. 3(4), pp. 441-455.
Foreman-Peck, J.S. 2013. Effectiveness and efficiency of SME innovation policy. Small Business Economics.
41(1), pp. 55-70.
Georghiou, L. Clarysse. B., 2006. Behavioural Additionality of R&D Grants: Introduction and Synthesis.
Government R&D Funding and Company Behaviour: Measuring Behavioural Additionality. 1st edn. Paris:
OECD, pp. 9-38.
Gok, A. Elder., J., 2012. The use of behavioural additionality evaluation in innovation policy making. Research
Evaluation, 21(4), pp. 306-318.
Golovko, E. and Valentini, G. 2011. Exploring the complementarity between innovation and export for SMEs’
growth. Journal of International Business Studies. 42(3), pp. 362-380.
Green, W. and Cluley, R., 2014. The field of radical innovation: Making sense of organizational cultures and
radical innovation. Industrial Marketing Management, 43(8), pp. 1343-1350.
Greve, H.R. 2003. Organisational learning from performance feedback: A behavioural perspective of innovation
and change. Cambridge University Press, Cambridge.
Hambrick, D., 2007. Upper Echelon theory: An update. Academy of Management Review, 32(2), pp. 334-343.
Honjo, Y., Kato, M. and Okamuro, H. 2014. R&D investment of start-up firms: Does founders’ human capital
matter? Small Business Econ. 42(2), pp. 207-220.
Hurley, R.F. and Hult, G.T.M., 1998. Innovation, market orientation and organisational learning: An integration
and empirical examination. Journal of Marketing, 62(3), pp. 42-54.
InnovateUK. 2012. Innovation Vouchers. Available from: https://vouchers.innovateuk.org/. Accessed:
16/02/2016.
Karhunen, H. and Huovari, J. 2015. R&D subsidies and productivity in SMEs. Small Business Economics. 45(4),
pp. 805-823.
Knockaert, M., Spithoven, A. and Clarysse, B., 2014. The impact of technology intermediaries on firm cognitive
capacity additionality. Technology Forecasting and Social Change, 81(1), pp. 376-387.
Kotey, B. and Folker, C. 2007. Employee training in SMEs: Effect of size and firm type – family and nonfamily.
Journal of Small Business Management. 45(2), pp. 214-38.

26

Kraiczy, N.D. Hack, A. and Kellermanns, F.W. 2015a. CEO innovation orientation and R&D intensity in small
and medium size firms: The moderating role of firm growth. Journal of Business Economics. 85(8), pp. 851-872.
Kraiczy, N.D., Hack, A. and Kellermanns, F.W. 2015b. What makes a family firm innovative? CEO risk-taking
propensity and the organisational context for family firms. Journal of Product Innovation Management. 32(3),
pp. 334-348.
Latham, S.F. and Braun, M., 2009. Managerial risk, innovation and organisational decline. Journal of
Management, 35(2), pp. 258-281.
Laursen, K., Reichstein, T. and Salter, A. 2011. Exploring the effect of geographical proximity and university
quality on university-industry collaboration in the United Kingdom. Regional Studies. 45(4), pp. 507-523.
Leiponen, A. and Helfat, C.E. 2010. Innovation objectives, knowledge sources, and the benefits of breadth.
Strategic Management Journal. 31(2), pp. 224-236.
Lichtenhaler, U. and Ernst, H. 2006. Attitude to externally organising knowledge management tasks: A review,
reconsideration and extension of the NIH syndrome. R&D Management. 36(4), pp. 367-386.
Love, J.H., Roper, S. and Vahter, P. 2014. Learning from openness: The dynamics of breadth in external
innovation linkages. Strategic Management Journal. 35(11), pp. 1703-1716.
Marcati, A., Guido, G. and Peluso, A.M. 2008. The role of SME entrepreneurs’ innovativeness and personality in
the adoption of innovations. Research Policy. 37(9), pp. 1579-1590.
March, J.G. and Shapira, Z. 1987. Managerial perspectives on risk and risk taking. Management Science. 33(11),
pp. 1404-1418.
McGuirk, H., Lenihan, H. and Hart, M. 2015. Measuring the impact of innovative human capital on small firms’
propensity to innovate. Research Policy. 44(4), pp. 965-976.
Mehrwald, H. (1999) Das ‘Not Invented Here’-Syndrom in Forschung und Entwicklung. Wiesbaden: Dt. Univ.Verl.
Menon, T. and Pfeffer, J. 2003. Valuing internal vs. external knowledge: Explaining the preference for outsiders.
Management Science. 49(4), pp. 497-513.
Musteen, M., Barker, V.L., III. and Baeten, V. 2006. CEO attributes associated with attitude toward change: The
direct and moderating effects of CEO tenure. Journal of Business Research. 59(5), pp. 604-612.
Musteen, M., Barker, V.L., III. and Baeten, V.L. 2010. The influence of CEO tenure and attitude toward change
on organisational approaches to innovation. The Journal of Applied Behavioural Science. 46(3), pp. 360-387.
Nannicini, T. 2007. Simulation-based sensitivity analysis for matching estimators. Stata Journal. 7(3), pp. 334351.
Podsakoff, P.M. and Organ, D.W. 1986. Self-reports in organizational research: Problems and prospects. Journal
of Management. 12(2), pp. 531-544.
Radas, S., Anic, I., Tafro, A. and Wagner, V., 2015. The effects of public support schemes on small and medium
sized enterprises. Technovation. 30(1), pp.15-30.
Roper, S. and Hewitt-Dundas, N. 2015. Investigating Schumpeter’s creativity army: What drives new-to-market
innovation in micro businesses. Enterprise Resource Centre Working Paper.
Roper, S. and Hewitt-Dundas, N. 2016. The legacy of public subsidies for innovation: Input, output and
behavioural additionality effects. Enterprise Resource Centre Working Paper.

27

Rosenbaum, P.R. & Rubin, D.B. 1983, The Central Role of the Propensity Score in Observational Studies for
Causal Effects, Biometrika, vol. 70, no. 1, pp. 41-55.
Rubin, D.B., 1977. Assignment to treatment group on the basis of covariate. Journal of Educational Statistics 2,
1–26.
Sala, A., Landoni, P. and Verganti, R. 2016. Small and medium enterprises collaborations with knowledge
intensive services: An explorative analysis of the impact of innovation vouchers. R&D Management. 46(S1), pp.
291-302.
Schade, S. and Grigore, C. 2009. Availability and focus on innovation voucher schemes in European regions.
European Commission Report, Brussels.
Scott, S.G. and Bruce. R.A. 1994. Determinants of innovative behaviour: A path model of individual innovation
in the workplace. Academy of Management Journal, 37(4), pp. 580-607.
Siguaw, J.A., Simpson, P.M. and Enz, C.A. 2006. Conceptualising innovation orientation: A framework for study
and integration of innovation research. Journal of Product Innovation Management. 23(6), pp. 556-574.
Somech, A. and Drach-Zahavy, A., 2013. Translating team creativity to innovation implementation: The role of
team composition and climate for innovation. Journal of Management, 39(3), pp. 684-708.
Spithoven, A., Vanhaverbeke, W. and Roijakkers, N. 2013. Open innovation practices in SMEs and large
enterprises. Small Business Economics. 41(3), pp. 537-562.
Stock, R.M. and Zacharias, N.A. 2011. Patterns and performance outcomes of innovation orientation. Journal of
the Academy of Marketing Science. 39(6), pp. 870-888.
Stock, R.M., Six, B. and Zacharias, N.A. 2013. Linking multiple layers of innovation-oriented corporate culture,
product program innovativeness, and business performance: A contingency approach. Journal of the Academy of
Marketing Science. 41(3), pp. 283-299.
Talke, K., Salomo, S. and Kock, A. 2011. Top management team diversity and strategic innovation orientation:
The relationship and consequences for innovativeness and performance. Journal of Product Innovation
Management. 28(6), pp. 819-832.
Val, M.P.D. and Fuentes, C.M. 2003. Resistance to change: A literature review and empirical study. Management
Decision. 41(2), pp. 148-155.
Wong, P. and He, Z. 2003. The moderating effect of a firm’s internal climate for innovation on the impact of
public R&D support programmes. International Journal of Entrepreneurship and Innovation Management.
3(5/6), pp. 525-545.
Yuan, F. and Woodman, R.W., 2010. Innovative behaviour in the workplace: The role of performance and image
outcome expectations. Academy of Management Journal, 53(2), pp. 323-342.

28

