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ABSTRACT ARTICLE HISTORY
Public research and development (R&D) subsidies are often used to Received 21 January 2021
increase firms’ R&D investments and innovation efforts and to spur Accepted 3 December 2021
firm-level additionalities, such as increased R&D inputs and innova- KEYWORDS

tion outcomes. However, relatively little is known about how such Additionality; firm behaviour;
firm-level additionalities develop and interrelate over time. This study public R&D subsidies;
examines 15 cases of successful R&D projects to explore how addi- innovation; R&D projects;
tionalities from public subsidies are developed over time. We develop R&D collaboration

a process model outlining how different types of additionalities from

public R&D subsidies develop and interrelate at the beginning of,

during and after a project for science- and engineering-based firms.

For science-based firms, public R&D subsidies appear to strengthen

innovation and knowledge development after projects are com-

pleted and to increase firms’ strategic R&D orientation. For engineer-

ing-based firms, subsidies leverage internal credibility and

collaboration, which leads to increased R&D activities, mainly during

projects. Given these results, we provide guidance for policy and

practice regarding how different types of firms benefit from subsi-

dised R&D projects both during and after the project period.

Introduction

Public R&D subsidies are a key policy instrument aiming to increase firms’ R&D
activities and innovativeness (Aerts & Schmidt, 2008; Ciabuschi et al., 2020;
Kochenkova et al., 2016; Torregrosa-Hetland et al., 2019). A key question for any R&D
subsidy is related to how the results differ from a situation without the subsidy, which is
referred to as the additionality of the subsidy. Studies have documented that public R&D
subsidies can lead to different types of additionalities, such as higher R&D inputs (Dimos
& Pugh, 2016; Hud & Hussinger, 2015) and improved innovation outcomes (Czarnitzki
& Hussinger, 2018; Dimos & Pugh, 2016). However, specific types of additionalities are
often studied in isolation (Dimos & Pugh, 2016), and there is limited understanding of
how different types of additionalities develop (Clarysse et al., 2009; Kochenkova et al.,
2016) and interrelate over time (Dimos & Pugh, 2016; Falk, 2007; Knockaert et al., 2014).

A better processual understanding of how R&D subsidies lead to the development of
additionalities at the firm level is crucial for designing effective policy interventions. Prior
empirical research provides mixed findings regarding the existence of additionalities
(Dimos & Pugh, 2016), in which firm characteristics have been pointed to as a possible
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explanation for the diverging findings (Aerts & Schmidt, 2008; Dimos & Pugh, 2016).
There are also indications that receiving an R&D subsidy can lead to important indirect
additionalities that are more difficult to assess (Chapman & Hewitt-Dundas, 2018;
Georghiou, 2007), such as increased R&D activities, collaboration (Falk, 2007; Gok &
Edler, 2012), and learning, which may influence firms’ long-term R&D activities
(Clarysse et al., 2009; Dimos & Pugh, 2016). Hence, it seems clear that R&D subsidies
are associated with different types of addtionalities, but less is known about the proces-
sual aspects, such as the timing, interrelationships, and firm-specific additionalities.

This paper responds to calls for longitudinal, qualitative studies on the interrelations
between different types of additionalities (Dimos & Pugh, 2016; Falk, 2007; Knockaert
et al., 2014). By studying how two types of firms - science-based and engineering-based
firms (Autio, 1997) - develop additionalities from R&D subsidies, we seek a better
conceptual understanding to guide firms and policymakers. Public R&D subsidies typi-
cally not only provide cash but also require specific conditions to be met, such as
collaboration between firms and academic partners (Sziics, 2018), which is often con-
ducted through subsidised R&D projects (Davenport et al., 1998). Hence, we address the
following research questions: (1) How do science- and engineering-based firms develop
additionalities from subsidised Re&D projects, and (2) how do these additionalities inter-
relate over time?

To answer these questions, we conducted a qualitative, longitudinal study (Dimos &
Pugh, 2016; Falk, 2007; Knockaert et al., 2014) of 15 subsidised R&D projects conducted
by Norwegian firms in collaboration with academic partners that generated successful
innovation outcomes. Using archival data and interviewing several key project members
from each case some years after the completion of each project, we obtained a rich
account of how the different firm additionalities from these projects materialised and
interrelated over time.

Our study makes three contributions to the literature. First, our key contribution is
linked to how different additionalities from subsidised R&D projects develop and inter-
relate in a process over time (Clarysse et al., 2009; Dimos & Pugh, 2016; Falk, 2007;
Kochenkova et al., 2016). We find that additionalities from an R&D project develop
through a process in which sub-dimensions of additionalities develop and interrelate at
different stages of the project (i.e., at the start of, during, and after the project). We
develop a process model illustrating how firms develop different types of additionalities.
As such, we add to the discussion about the role of R&D subsidies in the innovation
policy mix (Dumont, 2017; Radicic & Pugh, 2017) by emphasising how these subsidies
can influence firm behaviour and outcomes on several dimensions and timescales.

Second, we provide novel insights into the role of firm characteristics (Aerts &
Schmidt, 2008; Dimos & Pugh, 2016) by identifying how the additionalities of public
R&D subsidies are developed for two distinct types of firms. For science-based firms,
subsidies increase innovation and knowledge and enhance these firms’ strategic and
long-term R&D orientation. For engineering-based firms, subsidies facilitate internal
credibility and collaboration within these firms, in turn leading to more R&D activities.

Third, we provide more detailed knowledge on the development of different addi-
tionalities from public R&D subsidies (Clarysse et al., 2009; Kochenkova et al., 2016). For
behavioural additionality, we add the new sub-dimension of changes in organisational
goals and confirm and extend the sub-dimension of increased Re&D activities from prior
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research (Hsu et al., 2009). For output additionality, we confirm three sub-dimensions
from the existing research - innovation (Clarysse et al., 2009), knowledge development
(Hsu et al.,, 2009), and firm performance (Ciabuschi et al., 2020; Georghiou, 2002) - and
elaborate on how these dimensions are related.

Additionalities from publicly subsidised R&D projects in firms

Public subsidies of private R&D are often grounded in neoclassical theories asserting that
market failures cause firms to underinvest in innovation (Arrow, 1962; Nelson, 1959).
The role of public policy is therefore assumed to remedy this negative externality, and
a variety of policy instruments have been established to promote firm innovation through
R&D subsidies (Clarysse et al., 2009; Dimos & Pugh, 2016; Marino et al., 2016). This
support can be indirect, such as through tax incentives (Bodas Freitas et al., 2017), or
more direct, such as through publicly supported R&D programmes (Davenport et al.,
1998). Firms often use several support initiatives in combination, providing a policy mix
of public support (Lanahan & Feldman, 2015).

Publicly supported R&D programmes are increasingly used as government tools to
boost innovation and competitiveness by modifying firm behaviour and capabilities, thus
producing additionalities (Davenport et al., 1998; Georghiou, 2002; Yi et al., 2021).
Additionality relates to increasing desired firm outcomes or activities that would not
have been realised without the support, and has been defined as ‘the change in firm-
financed R&D spending, company behaviour, or performance that would not have
occurred without the public intervention’ (Georghiou & Clarysse, 2006, p. 428). Even if
a highly profitable project has been supported by a public subsidy, the support is not
additional unless the project’s profit has been increased or other effects have emerged as
a result of the public subsidy.

The literature mainly distinguishes between three types of additionalities - input,
output, and behavioural additionalities — which are all relevant when examining the
effects of R&D programmes at the project level (Clarysse et al., 2009). However, the
distinctions between these additionalities are not always clear cut (Cerulli et al., 2016;
Clarysse et al., 2009), and different terms are often used to describe them.

Input additionality

Input additionality is the most straightforward dimension to measure (Cerulli et al.,
2016) and the most frequently used (Cerulli et al., 2016; Dimos & Pugh, 2016). Input
additionality is often used to assess whether firms have increased their R&D investments
because of public R&D support (Clarysse et al., 2009; Georghiou et al., 2004).
A programme is considered effective if a firm makes additional R&D investments due
to having received a subsidy (Georghiou, 2002) and is considered inefficient if the same
investments would have been made without the public support. A situation in which
a subsidy replaces firm investments is also known as the crowding-out effect (Clarysse
et al.,, 2009). After reviewing more than 70 empirical studies, Ztiiga-Vicente et al. (2014)
conclude that almost all studies find positive effects of R&D subsidies on firm-level R&D
investments. Further, based on a meta-regression analysis, Dimos and Pugh (2016) reject
the problem of public subsidies crowding out firm investments.
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Output additionality

Output additionality concerns the outputs that would not have been achieved without
a subsidy (Georghiou, 2002) - in other words, the extent to which R&D results are
different than they would have been without an R&D subsidy (Hsu et al., 2009). Positive
innovation outputs from R&D subsidies have been documented by measuring patenting
and R&D applications (e.g., Howell, 2017; Wang et al., 2017). Moreover, studies have
shown that firms that have received public R&D subsidies are more likely to increase
their financial performance (Howell, 2017; Zhao & Ziedonis, 2012) and growth (Aguiar &
Gagnepain, 2017). Output additionality can also encompass firm-level learning effects
from technology diffusion, knowledge exchange, and spill over (Autio et al., 2008; Hsu
et al., 2009), which can be related to knowledge development (Hsu et al., 2009).

Behavioural additionality

Behavioural additionality focuses on firms’ ability to change their behaviour (Buisseret
et al., 1995; Clarysse et al.,, 2009) through learning effects from conducting publicly
subsidised R&D projects. Behavioural additionality can be defined as a change in firm
behaviour that arises from government intervention (Davenport et al.,, 1998). This
change can occur at either the strategic level, such as when firms move into new areas
or activities, or through the acquisition of new competences (Buisseret et al., 1995;
Davenport et al.,, 1998). In contrast to input and output additionalities, behavioural
additionalities are inherently intangible (Falk, 2007). Behavioural additionalities can be
measured as changes in the way firms manage their R&D activities (Buisseret et al., 1995;
Davenport et al., 1998), such as by starting new collaborations with universities (Bronzini
& Piselli, 2016; Cerulli et al., 2016) and corporate partners (Bianchi et al., 2019). Hence,
behavioural additionalities can imply that managers give priority to R&D activities and
that firms have built overall faith in the strategic value of R&D investments (Chapman &
Hewitt-Dundas, 2018; Davenport et al., 1998). Behavioural additionalities are typically
the long-term effects from a subsidy (George et al., 2002). Hence, behavioural addition-
alities serve as potential precursors for input and output additionalities over time (Cerulli
et al., 2016).

Interrelations between input, output, and behavioural additionalities

A few studies have examined how various additionalities interrelate. Clarysse et al. (2009)
find that an input additionality correlates with a behavioural additionality, meaning that
firms that alter their management methods tend to continue to emphasise R&D and
research personnel. Davenport et al. (1998) examine the effects of company R&D support
and find that a behavioural additionality is likely to strengthen a policy’s ability to
influence the creation of an output additionality. However, prior research on addition-
alities from public R&D subsidies has mainly studied input, output, and behavioural
additionalities separately (Cerulli et al., 2016) and has stressed the need for more studies
investigating the relationships between them (Dimos & Pugh, 2016; Falk, 2007).
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Firm heterogeneity and additionalities

Several studies have indicated that the additionalities from R&D subsidies might differ
depending on firm characteristics (Dimos & Pugh, 2016; Herrera & Sanchez-Gonzilez,
2013; Wanzenbock et al., 2013), such as firm size (number of employees) and sectoral
affiliation. Bronzini and Piselli (2016) find that R&D subsidy programmes have a positive
impact on subsidised firms’ number of patent applications, with the effect being sig-
nificantly greater for smaller firms than for larger firms. A recent study distinguishing
between service and manufacturing firms and between knowledge-intensive and non-
knowledge-intensive firms finds stronger performance effects from subsidies for firms in
R&D-intensive industries (Vanino et al., 2019). Moreover, Wanzenbock et al. (2013) find
that small, young, and technologically specialised firms are more likely than
R&D-intensive firms to realise behavioural additionalities from R&D subsidies.

Hence, we study both science-based and engineering-based firms (Autio, 1997)
because they usually have different motivations and behaviours related to technology
development and the pursuit of technological opportunities. Science-based firms mainly
develop core knowledge and new technologies based on scientific breakthroughs
(Chidamber et al., 1994). Engineering-based firms mainly exploit market opportunities
by developing application-specific technologies and by expanding the usage of such
applications (Autio, 1997). Moreover, engineering-based firms mainly develop improved
technologies and processes to solve specific practical challenges, such as those related to
plant engineering and industrial machinery (Asheim & Coenen, 2005).

Science-based firms tend to be more R&D intensive and interact with academic
environments from which they absorb knowledge, while engineering-based firms are
less R&D intensive and more connected to industrial settings (Autio, 1997). Compared to
engineering-based firms, science-based firms more often have social relationships with,
shared understandings with, and technological knowledge similar to that of R&D institu-
tions (Steinmo & Rasmussen, 2016). One example is firms in the biotechnology industry,
which depends more on public science for basic research compared to other industries
(McMillan et al., 2000).

In sum, studies have contributed with insights on additionality effects from public
R&D subsidies, but there is still a lack of a processual understanding of how additional-
ities develop (Clarysse et al., 2009; Kochenkova et al., 2016) and interrelate over time
(Dimos & Pugh, 2016; Falk, 2007; Knockaert et al., 2014).

Methodology
Research design

We use a qualitative case-study approach to investigate how additionalities of publicly
subsidised R&D projects are developed (Eisenhardt, 1989). Our longitudinal, multiple-
case-study design allows us to build theory (Yin, 2014) on how firm-level additionalities
develop during and after R&D projects, and it facilitates a rich and contextualised
understanding of a phenomenon that has scarcely been addressed (Eisenhardt, 1989).
Because additionalities are difficult to operationalise and measure and are concealed by
timing issues (Clarysse et al., 2009), our study provides a unique opportunity to capture
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the in-depth nuances of how firms develop additionalities, both those that are easier to
measure (e.g., investments or products) and those that are more challenging to measure
(e.g., goal changes or knowledge development).

Case selection

Prior research on additionality from R&D subsidies has often relied on cross-sectional
survey data, such as the Community Innovation Survey (e.g., Aerts & Schmidt, 2008;
Cerulli et al., 2016) and surveys of selected firms (e.g., Clarysse et al., 2009; Falk, 2007) or
R&D programmes (e.g., Autio et al., 2008; Bronzini & Piselli, 2016). However, while R&D
activities are typically conducted as projects, most prior studies lack information at the
project level (Davenport et al., 1998).

Our cases are therefore drawn from a public support scheme - the user-driven
innovation projects (BIP) scheme - which supports high-potential innovation pro-
jects in Norwegian industries. BIP is operated by the Research Council of Norway
with the aim of increasing R&D and innovation activities in firms. While firms may
receive a policy mix of R&D support (Dumont, 2017), the specific projects examined
by this study were solely supported by BIP. BIP gives subsidies as R&D grants (20-
40%), and the remaining project costs (60-80%) are financed by the firms them-
selves (cash or in-kind). BIP is one of the largest activities within the Research
Council, constituting 16% of total grants in 2009 and about 12% in 2019. In total,
2,924 BIP grants were applied for between 2000 and 2007, and 45.8% received
support (Breein et al., 2009). Firms set the premises for their projects, which are
designed and conducted according to project applications. While firms apply for
grants and act as contract partners with the Research Council, all projects include
R&D organisations (universities and/or public research organisations) and some-
times other firms as partners.

We aimed at studying projects that would provide extensive examples of
additionality development rather than providing a representative sample. Hence,
we selected cases from a population of 709 projects that were supported by BIP in
the period from 1996 to 2005. To capture how additionalities develop over a long
time period, we made an ex-post selection of 15 top-performing projects, mea-
sured as the contribution to profit reported by the lead firms four years after the
projects ended. The projects were managed by firms of various sizes, came from
different industries, and developed different types of innovations, thus providing
contextual variety (Yin, 1989). The total budgets of the individual projects ranged
from 1 to 60 million NOK, with the largest firms tending to have the largest
budgets. Table 1 shows the firm characteristics for our sample and classifies each
firm as either science-based or engineering-based according to definitions from the
literature.

Data collection

The data include initial project descriptions, final reports, and assessments conducted
by BIP as well as survey responses from each firm at the start of the project, at the end
of the project, and four years after the project period ended. To obtain an in-depth
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Table 1. Categorisation of the science-based and engineering-based case firms.

Total
budget Exploitation of ~ Technology R&D ties (Arrow, 1994;
Type of firm (size*  (million technology ~ development  Asheim & Coenen, R&D orientation

Case and industry) NOK)** (Autio, 1997)  (Autio, 1997) 2005) (Autio, 1997)

1 Science-based 1-10 Scientific New Collaborations with R&D is a key part of
(Small biotech breakthrough  technology  several universities the firm
start-up) and R&D

organisations

2 Science-based 1-10 Scientific New Employs several R&D is the main
(Micro ICT breakthrough  technology  researchers; close activity of the
start-up) relationships with firm

academic
researchers

3 Science-based 1-10 Patent testing ~ New Established by R&D is the main
(Small science technology researchers and has activity of the
start-up) a connection with firm

one research
organisation in
particular

4 Science-based 1-10 Scientific New Spun off from R&D is the main
(Micro biotech breakthrough  technology  a university with activity of the
start-up) which it firm

collaborates

5 Science-based 1-10 Technological ~ New Established R&D is the main
(Small science opportunity technology  collaboration with activity of the
start-up) a new research firm, which spun

organisation as part  off from an R&D
of the project organisation

6 Science-based 11-20 Market New Strong connection R&D is the main
(Small opportunity technology ~ with one research activity of the
manufacturing) organisation firm and was

important in
developing the
firm

7 Science-based > 20 Technological New Several collaborations  Internal R&D
(Medium opportunity technology  with research department and
manufacturing) organisations prior experience

with R&D
projects

8 Engineering- 1-10 Market New Limited use of Internal R&D
based opportunity technology research department and
(Medium organisations prior experience
engineering) with R&D

projects

9 Engineering- > 20 Market Improved Strong connection Internal R&D
based opportunity technology ~ with one research department and
(Large process organisation long experience
industry) with R&D

10  Engineering- > 20 Market Improved Strong connections Internal R&D team
based opportunity technology ~ with one research and long
(Large process organisation and experience with
industry) a university R&D

1 Engineering- 11-20 Market Improved Several collaborations  Internal R&D
based opportunity technology  with (national and department and
(Large process international) R&D long experience
industry) organisations and with R&D

universities

12 Network, several 11-20  Technological  Improved Strong connection Several smaller
engineering- opportunity technology ~ with an R&D R&D projects
based firms organisation that have been
(varying sizes) played a central role  conducted by

in the project the network
partners

(Continued)
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Table 1. (Continued).

Total
budget Exploitation of ~ Technology R&D ties (Arrow, 1994;
Type of firm (size*  (million technology development Asheim & Coenen, R&D orientation
Case and industry) NOK)** (Autio, 1997)  (Autio, 1997) 2005) (Autio, 1997)
13 Engineering- 11-20  Technological  Improved Spun off from an R&D Internal R&D team
based opportunity technology ~ organisation and and ongoing
(Medium has a strong R&D
engineering) relationship with
a university
14 Engineering- 1-10 Market Improved Collaboration with one Internal R&D team
based opportunity technology main R&D but low prior
(Medium organisation R&D experience
engineering)
15  Engineering- Not Market Improved Limited connectionsto R&D team with
based available opportunity technology R&D organisations internal and
(Large process external
industry) members

*EU measures of firm size are used: large > 250 employees, medium < 250 employees, small < 50 employees, and micro <
10 employees.
**To preserve anonymity, we created a total budget range.

understanding of how the projects evolved and how additionalities were developed, our
primary data consist of interviews with, on average, three key individuals from each
case conducted five to 10 years after the firms received funding (2010-2011). We
interviewed representatives from both firms and R&D organisations for each case
(see Table 2), for a total of 40 individuals (32 face-to-face interviews and eight
telephone interviews). We took a narrative approach to obtain an in-depth under-
standing of how the innovation projects unfolded in the cases (Polkinghorne, 1988),
and the informants were asked to describe the process from inception to the present
with minimal interruptions. We used an overall interview protocol with the objective of
revealing the history of each project in chronological order, starting with the project
background, planning, and execution and ending with the project results. To obtain
additional information concerning the critical events and actors involved throughout
the process, we asked follow-up questions, such as “‘Why did you do that’, “‘Who was
involved’, ‘Did you consider alternative actions’, and “When did this happen?” We used
the narrative interviewing approach to obtain a better understanding of actual events
and to prevent personal views and theoretical perspectives from influencing our data
collection.

Our use of multiple informants and narrative interviewing in combination with
historical documentation was crucial to reducing the problems of hindsight bias and
memory decay. We took the aforementioned steps to improve the validity of retro-
spective reports and to ensure we obtained accurate data about the innovation projects
and firm-level additionalities achieved over time (Miller et al., 1997). The interviews were
mostly conducted with two researchers present and were audio-recorded and transcribed
as part of the data-analysis process.



INNOVATION: ORGANIZATION & MANAGEMENT . 389

Table 2. Interviews and secondary data sources for each case.

Case project 123 4 56 7 8 9 10 11 12 13 14 15 Sum
Interviews Firm project manager x x x x x x x(p) x x x x x x x x(p) 15
Firm researcher X X X X X X X XX xxx(p) 12
University project X X X X x x x(p) 7
manager*
University researcher x(p) X X X(p) x x 6
Secondary data Project description X X X X X X X nax X X X X X X 14
sources
End report X X X X X X X haXx X X X X X X 14

(p) = phone interview, na = not available.
*University researcher with the role of manager of the university portion of the project.

Data analysis

Our abductive data-analysis process (Alvesson & Skoldberg, 2009) was highly iterative,
including comparisons of the emerging findings and extant theory (Eisenhardt, 1989), and
consisted of three main phases. First, we wrote a narrative case description of each case by
triangulating the interviews and available documents. As a validity check, these case
descriptions were approved by the respective project managers at the firms and discussed
with contact persons at the BIP subsidy programme (Miller et al., 1997). Hence, we
reconciled views from different sources, providing a thorough understanding of how the
R&D projects unfolded over time. In this phase, we observed how the firms developed
additionalities from the start of, during, and after the projects.

Second, we used qualitative analysis software (NVivo 12) to extend the theoretical
framework of input, output, and behavioural additionalities. We systematically coded our
empirical observations about the firm-level effects of conducting R&D projects both during
and after the projects (Gioia et al., 2013; Miles et al., 2014). We identified similar codes of
additionalities and clustered them in first-order categories before searching for linkages
among the categories. This led to the development of sub-dimensions for input, output, and
behavioural additionalities. We identified these sub-dimensions by iteratively juxtaposing
our data with the existing literature on additionalities, which allowed us to confirm existing
sub-dimensions (e.g., increased R&D activities) and develop new sub-dimensions (e.g.,
organisational goals) (Gioia et al., 2013).

Finally, during the coding process, we observed that the additionalities developed in the
R&D projects differed depending on firm characteristics. Thus, we distinguished between
the additionalities of science- and engineering-based firms (Autio, 1997; Chidamber et al.,
1994) and developed a process model describing how these types of firms developed
additionalities over time (Figure 1). To increase the rigour of the analytical generalisation
of the empirical data, the iterative analyses were first independently conducted by two
authors. The overall agreement was strong, and in the case of disagreement, the coding was
discussed and modified until a common understanding was reached (Nag et al., 2007).

Findings

Our findings revealed patterns of how innovation projects supported by public
R&D subsidies lead to the development of additionalities at the firm level. We find
that different types of additionalities develop through a process in which different
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Project Start During and After Project After Project

Knowledge development (indirect
output additionality)

Science based: Developed

knowledge during and after project

and learned how to collaborate with

different actors.

Engineering based: Developed

knowledge in several areas during ~.

/ R&D subsidy (input \ and after project. - R&D activity
additionality) Changes of organ (behavioural S
Science based: The projects goals (behavioural Innovation (direct output additionality) Subsequent R&D
would not have been carried additionality) additionality) Science based: Continued subsidies (input
out without the support. Science based: Aumplified Science based: Developed mainly with several R&D additionality)

Received additional R&D strategic and long-term research results and prototypes projects with the same Science- and

subsidies after project. i—>| R&D focus and improved during- and several products after and other research engincering-

Engineering based: The ‘“‘ﬁ“‘;ﬂl credibility and project. partners. based: Received

projects would have been collaboration. Engineering based: Some patents Engineering based: additional R&D
LEngineering based: Continued with several subsidies after

carried out (with a narrower
scope and slower progression).
Received additional R&D

subsidies after project. /

during projects and improved
production process during and after
project.

Improved internal
credibility and
collaboration.

R&D projects, project.
particularly with the same

research partners.

Firm performance (indirect output
additionality)
Science based: The projects were the
commercial foundation of the firms
(increased turnover and access to new
customers during the project, and
investments after the project).
Engineering based: The projects led
to cost reduction effects mainly after
the project.

Figure 1. Process model on firm-level additionalities developed from subsidised R&D projects.

sub-dimensions of additionalities develop and interrelate from the start of, during,
and after an R&D project. While the process of developing additionalities is
similar for both science- and engineering-based firms, we find several key differ-
ences in how these two types of firms develop additionalities over time. Our
findings are outlined in the process model in Figure 1 and presented in the
following.

Project start

R&D subsidy (Input additionality)

As shown in our process model, all case firms described the public support they
received as important for carrying out their projects but to different extents (see
Table 3). The science-based firms (Firms 1-7) explained that the subsidised R&D
projects were essential for developing their technologies: “The support was essential
for us [the firm], and we would not have carried out the project without it’ (Firm 2).
In contrast, all the engineering-based firms (Firms 8-15) explained that their
projects would most likely have been carried out without the public support but
with a narrower scope and slower progression: ‘The projects would have been
carried out [without the support] but not on the same scale or with the same
university partners’ (Firm 8).

During and after project

Based on the R&D subsidy at project start, our coding revealed that the science- and
engineering-based firms developed changes in organisational goals (a sub-dimension of
behavioural additionality) during the projects, which further developed into the indirect
outputs of knowledge development and firm performance and the direct output of
innovation during and after the projects (see Table 4).
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Table 3. Additionalities for the science- and engineering-based firms at project start.

Science-based firms (1-7) Engineering-based firms (8-15)
The extent to which the project None of these projects would have The projects would most likely have
would have been carried out without been carried out without support:  been carried out without public
public support (Clarysse et al., 2009) ‘The support was essential for the support but with a narrower scope
(input additionality) existence of the firm ... and the support and slower progression:
was important for us to work with ‘The project would probably have been
several topics at the same time’ (Firm 1). much smaller [without the support]
‘We got access to the resources we with fewer results. The financial support

needed to carry out the project’ (Firm 4). was vital internally for the firm to run
this project’ (Firm 10).
‘We would have continued with the
same theme [without the support], but
we would not have had the ability to
invest the needed resources to reach the
goals’ (Firm 15).

Changes in organisational goals (behavioural additionality)
Several of the science-based firms changed their behaviour as a result of their R&D
projects by altering their organisational goals, which concern firms’ desired outcomes
and guide their actions (Kotlar et al., 2018). For the science-based firms, which worked
with technologies at an earlier stage than the engineering-based firms, the R&D subsidies
were related to a more apparent and clearer R&D focus. A member from a science-based
firm explained that: “The [support] forces us to define a goal .. .. Even though it is very
easy to get distracted daily, we have had a goal. The goal has always been to launch
a product that could be used’ (Firm 1). By clarifying their organisational goals from the
projects, these firms also garnered more credibility and engagement internally: T [the
founder] worked as a consultant during the day with a couple of other employees and
then worked with the [firm] group at night. We worked this way for three to four years’
(Firm 2). Further, the changes in organisational goals from the project were manifested
after the project end, as illustrated by a representative from a science-based firm: ‘The
project was at a micro scale, of which we were granted a patent. In the years that followed,
we focused on industrialising our concept and ended up starting a firm to commercialise
it’ (Firm 3).

The R&D subsidies also led to changes in organisational goals related to internal
credibility and collaboration, particularly during but also after the project for the
engineering-based firms:

The R&D subsidy was substantial as we could say we got support from the Research Council, and
then, we got acceptance internally [in the firm] .. .. [The support] triggered both who we were
involved with [internally and externally] and the size of the contribution in the project. (Firm 9)

In a similar vein, an individual from Firm 11 noted, ‘“The [support] was important for
anchoring the project internally in the company ... and the [support] enabled us to
connect our technology engineers in other firm areas’.

Hence, we observed that changes in organisational goals guided the actions of the
engineering-based firms in terms of improved internal credibility and collaboration.
A member from an engineering-based firm explained the challenges the firm faced in
plant operations before the R&D project: “‘We did not have full control over all of the
processes in the factory . .. and there were many different attempts to solve the problem;
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there were up to 10 different attempts at the same time’ (Firm 15). The subsidised R&D
project was essential in solving these challenges through better internal credibility and
collaboration between different departments: “We were able to solve some of the chal-
lenges in the factories through good relations between technology and operations; we
worked closely together for two years’ (Firm 15). These changes were also manifested
after project end, as a member from an engineering-based firm stated: “The [result of the
project] have been further developed over the years, but the core, the idea, was developed
in this project’ (Firm 14). A member from another engineering-based firm added:
‘Several ideas that were worked on [in the project] have become building blocks for
new solutions’ (Firm 13).

Knowledge development (Indirect output additionality)

Based on changes in organisational goals, the science- and engineering-based firms
developed an extensive amount of knowledge from conducting the R&D projects. For
both types of firms, the knowledge developed during the projects served as a basis for
further developing their core competences after the projects ended, as explained by
a representative from Firm 7: “The principles that we learned in this project can benefit
us even more in the future. The [knowledge] has functioned as a platform for what we
have done and a little more’. Representatives from the engineering-based firms described
the knowledge they realised through their projects in a similar way: ‘This expertise has
been of great value and has become one of the two processes where [the firm] has heavy
professional environments today’ (Firm 15). A member of another engineering-based
firm also highlighted increased competences among employees involved in the firm’s
project: “The project had 20 to 30 core people [involved] who have become better at
technical and commercial aspects’ (Firm 12).

We also observed that some of the firms in both groups failed in parts of their
innovation projects. However, these firms learned from their failures, which they bene-
fitted from after the projects ended. One example is the engineering-based Firm 11,
where one out of three sub-projects failed: “The product proved not to be competitive on
price, but it [the product] has given us expertise ... that has been used in other areas,
which shows that we succeeded gradually by using that knowledge’. A representative
from a science-based firm that failed to develop its main product in its project expressed
the following:

Seen in retrospect, I have learned so many things that we should have done differently [in
the project period and later]. We have learned the hard way. However, the results [from
the project] have also been central to [the firm] in the development of other products.
(Firm 2)

Some of the science-based firms also reported knowledge development associated with
how the firms were learning to collaborate with different partners. The subsidised R&D
projects were an important arena for collaborating with different types of R&D partners
(both national and international), as explained by a representative from Firm 4: “‘We
learned a lot about how it is to work with other academic institutions that are not in
Norway’.
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Innovation (Direct output additionality)

Our process model further shows an interrelationship between knowledge development
and innovation, illustrated by the arrows in Figure 1. Based on the knowledge develop-
ment from the projects, the science-based firms mainly developed research results and
prototypes during their projects, which were further developed into products and related
spin-oft products after the projects ended: “‘We needed to produce results, and we got it.
On top of that, we even made one more product’ (Firm 2). Consequently, the project
outcomes leveraged further knowledge development after project end, as explained by
a representative in Firm 3: ‘After the project, we have also realised that the method can be
used for other elements. We have expanded our knowledge horizon in terms of [a
particular area] ... and that can be useful in the future’.

The engineering-based firms developed specific innovation outputs both during and
after their R&D projects. These firms already had existing technologies that they then
improved through applied research within a shorter time horizon, as explained by
a representative from Firm 15: “The project contributed significantly in understanding
and solving the [problems] in the production process . ... But this is a theme that we still
work on. You never reach the target; you can always improve [the production process]’.
A representative from Firm 13 noted something similar: ‘A lot of the things that were
done [in the project] have continued and matured over time’.

Firm performance (Indirect output additionality)

Based on the innovation outputs developed during the projects, both the science- and
engineering-based firms developed output additionality related to firm performance.
Here, the science-based firms developed their firm performance related to core technol-
ogy development, growth rate, and investments both during and after their projects,
whereas the engineering-based firms mainly experienced cost-reductions after their
projects.

For several of the science-based firms, the subsidised R&D projects were of key
importance for firm performance: ‘The [product] was the first thing we did in [the
firm]. So, if we hadn’t got [the project], we would have been shut down’ (Firm 2). For
these micro- to medium-sized firms, the projects were their main activities and crucial for
developing their core technologies, as explained by a member of Firm 1: “The [project] is
really the whole foundation for the creation of [the firm]’.

Furthermore, the projects contributed to the science-based firms’ growth during and
after the projects: “‘We have sold [a large number of products] in total, and our sales are
growing’ (Firm 1). Another science-based firm linked its high growth rate to its project:
‘For [the firm], this project was the start of a very positive development where the sales
increased from 4 million [NOK] in 1996 to 65 million [NOK] in 2001. This increase can
mainly be attributed to [the technology from this project]” (Firm 6).

We also observed that many of the science-based firms received funding from several
other sources, such as private investors (national and international), venture funds, seed
funds, and the Norwegian Government’s agency for innovation (Innovation Norway).
This funding was often linked to the subsidised R&D projects, as explained by
a representative from Firm 1: ‘Relatively shortly after we had started, we got
a committed long-term investor who was willing to spend money on us. This was before
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we had made any products, and we were still at the idea stage’. Indeed, the initial public
support for these projects often served as a catalyst for additional grants and funding
from other sources:

We found a [international] company that has specialised knowledge of [the process] ... and
they came to Norway to run experiments and further development. We got funding from
both [international] and Norwegian foundations and from the Research Council of Norway,
which also was a good basis for talking to investors ... and then we opened for other
investors, seed funds, and venture funds. (Firm 3)

Output additionality related to firm performance was less apparent for the engineering-
based firms that experienced cost reductions from their improved production processes as
outputs after their projects: “The savings for [the firm] can be estimated at tens of millions
a year, of which this project has been very central in achieving’ (Firm 9), and ‘The
improvements made during the project period have a value of over 100 million NOK
annually, and the other facilities would not have been built [without the project]’ (Firm 15).

After project

Based on changes in organisational goals, knowledge development, innovation, and firm
performance during and after the projects, both the science- and engineering-based firms
increased their R&D activity (behavioural additionality). This could be seen as an input
additionality, where the firms received subsequent R&D subsidies after the projects
ended (see Table 5).

Increased R&D activity (Behavioural additionality)
We found that both the science- and engineering-based firms increased their R&D activities.
The science-based firms continued to collaborate with several research partners, such as
national and international universities and R&D institutes, including both familiar and
unfamiliar partners: “‘We are still collaborating with [the same university partner], and we
have new R&D projects with [European research institutes] and some EU projects’ (Firm 6).
The engineering-based firms also continued with several R&D projects after the
subsidised projects were completed but mostly in collaboration with known research
partners: ‘A key person at [the R&D institute] has followed us for 20 years. He is still
there and is often used in new projects’ (Firm 10). Compared to the science-based
firms, the engineering-based firms were more intentional in building relationships with
and ensuring the competence of researchers they could work with over the long run: ‘Tt
is a strategic choice regarding which research institutes you want to pursue and develop
over time; these are the ones you choose’ (Firm 12). This might explain why some
researchers from the R&D organisations were employed by the firms after the projects
ended: T started working [in the firm] to continue developing this process further’
(Firm 9).

Subsequent R&D subsidies (Input additionality)

All firms, except for two engineering-based firms (12 and 15), received further R&D
subsidies within five to 10 years after their projects ended (see Table 3): ‘After [the
current project], we received grants through two [R&D projects] that aimed to develop
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Table 5. Additionalities developed after the projects for the science- and engineering-based firms.

Increased R&D activities (Hsu et al., 2009) (behavioural The extent of R&D subsidies received after
additionality) the project ended (Falk, 2007) (input
additionality)

Science-based Continued with several R&D projects with the same All firms received R&D subsidies after

firms (1-7) and other research partners: their subsidised projects mainly from
‘We have collaborated with national and international ~ similar R&D programmes but also
universities’ (Firm 4). from larger programmes:
‘We found a firm in [a European country] that is ‘We have received EU funds after [the
specialised in [analysis]. They work in [another industry ~ subsidised R&D project]’ (Firm 1).
than Firm 3], so it was hard to get them onboard at ‘We were granted with support [from the
first, but luckily, they got fired up about the idea and same R&D programme] to continue
came to Norway to run experiments with us’ (Firm 3). developing the technology [from the

subsidised R&D project’ (Firm 3).
Engineering-  Continued with several R&D projects, particularly  All firms (except Firms 12 and 15)

based firms with the same research partners: received R&D subsidies after their
(8-15) ‘[The project] built a lot of expertise also for the external ~ subsidised projects mainly from
contributors, especially in regard to [one of the similar R&D programmes but also
university partners], that they have used in other from larger programmes:
projects afterward’ (Firm 11). ‘We received grants for two [R&D projects]
“After the project ended, we recruited one of the PhD from the Research Council of Norway’
candidates [from the university partner] who worked (Firm 9).
on the project’ (Firm 11). ‘From the [subsidised R&D project], we

applied for two new projects funded by
the Research Council of Norway, which
contributed to interesting projects after
this [the subsidised] project ... and we
now participate in a [research centre]’
(Firm 14).

the product further, with a total budget of 55 million NOK ...’ (Firm 4). These R&D
subsidies were mainly granted by similar R&D programmes, but several of the firms
received subsidies from larger and more long-term R&D programmes, such as from
research centres and EU funds.

Discussion

This study provides detailed processual evidence of how different firm-level additional-
ities from publicly subsidised R&D projects develop and interrelate over time (Clarysse
et al., 2009; Dimos & Pugh, 2016; Falk, 2007).

First, our process model (Figure 1) shows that for the science-based firms, the public
support was essential for carrying out the R&D projects as they were developing the core
technologies of their businesses and had a strong need for external resources (Peng & Liu,
2018). The engineering-based firms were typically more established firms that needed to
constantly strengthen their competitive advantage through technology improvements.
These firms would most likely have carried out parts of the projects without the support
(Clarysse et al., 2009) but with a narrower scope and slower progression.

Then, our process model illustrates how input additionality interrelates with
behavioural additionality (Clarysse et al., 2009). This interrelationship is mainly
related to how input additionalities were changing firms’ goals through their research
activities. As such, the increased R&D activities in the subsidised R&D projects (input
additionality) seem to have an influence on the firms’ organisational goals (sub-
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dimension of behavioural additionality). Both the science- and engineering-based
firms formalised more ambitious goals for their R&D projects, which also guided
their actions (Kotlar et al., 2018). For the science-based firms, the R&D subsidies
created a more apparent and clearer R&D focus, which pushed these firms to achieve
their overarching goals related to building their market positions both during and
after the projects. For the engineering-based firms, which were larger and operated in
more mature markets, the public support was particularly important for coordinating
different sections and employees within the firms and for enhancing internal cred-
ibility and collaboration to reach these firms’ common organisational goals
(Davenport et al., 1998), especially during the projects. We show that firms provide
additional resources to publicly funded R&D projects (Falk, 2007) by channelling
internal resources (employees) into the projects. Hence, the projects are used to
coordinate the firms’ innovation activities, particularly for larger engineering-based
firms.

Next, our process model shows how clarifying the firms’ organisational goals can
facilitate stronger knowledge development based on R&D. The science-based firms
aimed to exploit scientific breakthroughs, which required specialised knowledge
(Laursen & Salter, 2006) from different partners (Kobarg et al., 2019). In contrast,
the engineering-based firms mostly developed incremental innovations that required
more similar knowledge bases (Tsai, 2001), which they typically gained from partners
they were already familiar with. Although the firms focused only on the successful
results from the projects when reporting to governmental officials, some of the firms
also failed in parts of the projects. However, these failures were described by the
firms as learning opportunities that contributed with knowledge to the firms’ inno-
vation processes and subsequent R&D projects. Hence, we confirm that knowledge
gained from failures enables subsequent firm success (Maidique & Zirger, 1985) and
that failures associated with R&D projects can be considered as valuable to the firms’
overall innovation processes. Hence, we assert that behavioural additionalities can
strengthen output additionalities (Davenport et al., 1999), indicating an interrelation-
ship between changes in organisational goals and knowledge development.

Our process model further identifies an interrelationship between the two sub-
dimensions of output additionality — knowledge development and innovation (Frenz &
Ietto-Gillies, 2009) - indicating a reinforced and ongoing interrelationship between these
two dimensions (illustrated by the arrows in Figure 1). The type of R&D conducted in the
projects influenced the timing of the innovation outputs. The science-based firms mainly
conducted long-term basic research that resulted in innovations several years after the
projects ended, which illustrates why subsidies typically have long-term impacts (Bernini
et al., 2017). In contrast, the engineering-based firms developed more incremental
innovation outputs during and after the projects because their motivation was to do
more short-term and applied research that could provide a competitive edge related to
their existing products and processes.

Moreover, our process model highlights an interrelationship between the output
additionality sub-dimensions of innovation and firm performance. For the science-
based firms, the innovation outputs from the R&D projects served as these firms’
commercial foundation, contributing to increased employee recruitment and
access to customers (Georghiou, 2007). Some of these firms also received external
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investments, showing that public subsidies of innovation projects might provide
a quality signal (Georghiou, 2007) that reduces risk and makes it more attractive
for others to invest in new technology-based firms in the early stages of their
development (Meuleman & De Maeseneire, 2012; Soderblom et al., 2015). The
engineering-based firms were more concerned with sustaining their market posi-
tions through incremental process innovations, which frequently contributed to
cost efficiency (Hervas-Oliver et al.,, 2014; Menguc et al., 2014), rather than the
high growth rates associated with breakthrough product innovations in the long
run (Hervas-Oliver et al., 2014; McDermott & O’Connor, 2002). These findings
add nuance to recent studies showing how additionalities in terms of increased
turnover are higher for smaller and less-developed firms (Vanino et al.,, 2019). Our
study shows that compared to science-based firms, larger engineering-based firms
are more likely to increase their financial revenues based on more incremental
innovations, which contribute to securing their competitive positions.

Furthermore, increased firm performance provides firms with the resources and
competences needed to expand their R&D activities after a project ends. Hence,
the output additionality sub-dimension of firm performance can strengthen the
behavioural additionality sub-dimension of increased R&D activities over time.
However, we observed differences between the science- and engineering-based
firms regarding the type of R&D projects they conducted and with whom they
collaborated after their projects were completed. The science-based firms contin-
ued with several R&D projects with the same and other research partners, whereas
the engineering-based firms continued with several R&D projects with the same
research partners. This may be related to the firms’ stage of development and the
maturity of their technologies and processes. The science-based firms mainly
developed science-based technologies that required world-leading research and
thus diverse partnerships, whereas the engineering-based firms depended more
on specific research partners with in-depth knowledge of the firms’ processes
(Katila & Ahuja, 2002).

Finally, our process model illustrates how increased R&D activities can rein-
force the firm’s R&D activity after a project ends. Almost all our case firms
received subsequent R&D subsidies after the projects examined in this study
(Ciabuschi et al., 2020; Falk, 2007; Wanzenbock et al., 2013). Hence, the beha-
vioural additionalities resulting from the first project were important for getting
new subsidies, and the learning achieved in one project was integrated into the
next (Georghiou, 2002).

Conclusions and implications

By examining 15 innovation projects longitudinally, we increase the knowledge on how
different firm-level additionalities from publicly subsidised R&D projects are achieved
and how they interrelate over time. The findings provide three main contributions.
First, a key contribution is linked to how different additionalities from subsidised
R&D projects develop and interrelate over time (Clarysse et al., 2009; Dimos & Pugh,
2016; Falk, 2007; Kochenkova et al., 2016). We found that additionalities develop through
a process in which sub-dimensions of additionalities develop and interrelate at different
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stages of an R&D project (i.e., at the start of, during, and after the project). Input,
behavioural, and output additionalities can reinforce each other during and after
a project, which illustrates why R&D subsidies typically have long-term impacts
(Bernini et al.,, 2017) and are enhanced by collaboration (Chapman et al., 2018). As
such, we add to the discussion on the innovation policy mix (Dumont, 2017; Radicic &
Pugh, 2017) by emphasising how R&D subsidies can influence firms’ use of policy
instruments at later points in time.

Second, in line with previous research highlighting the need to distinguish between
different types of firms (Aerts & Schmidt, 2008; Dimos & Pugh, 2016) to explain the mixed
results of additionalities (Cerulli et al., 2016; Dimos & Pugh, 2016; Zuitiga-Vicente et al., 2014),
we show how science- and engineering-based firms rely on and use R&D subsidies in different
ways. For science-based firms, subsidies appear to mainly increase innovation and knowledge
development and enhance firms’ strategic and long-term R&D orientation. For engineering-
based firms, subsidies mainly leverage internal credibility and collaboration within these firms,
which leads to more R&D activities. Hence, additionalities are not uniform across different
types of firms, thus illustrating why evaluating public R&D subsidies in heterogeneous
samples has proven to be challenging (Dimos & Pugh, 2016).

Third, by operationalising sub-dimensions of output and behavioural additionalities,
we contribute more in-depth insights into the content of additionalities (Clarysse et al.,
2009; Kochenkova et al., 2016), which have been critiqued for being challenging to
operationalise and measure and fraught with timing issues (Clarysse et al., 2009). We
confirm three sub-dimensions of output additionalities from the existing research -
innovation (Clarysse et al., 2009), knowledge development (Hsu et al., 2009), and firm
performance (Ciabuschi et al., 2020; Georghiou, 2002). Both groups of firms developed
innovation and knowledge during and after their projects, whereas firm performance
manifested in different ways. The subsidised projects were the commercial foundation for
the science-based firms, contributing to increased turnover and access to new customers
and investors during and after the projects, whereas the engineering-based firms experi-
enced increased growth and cost reductions after their projects.

Moreover, we extend the behavioural additionality concept, which is not well under-
stood (Gok & Edler, 2012), by suggesting the new sub-dimension of changes in organisa-
tional goals. We found that the science-based firms changed their organisational goals
mainly by giving their publicly funded R&D activities higher priority, while the engineer-
ing-based firms mainly developed internal credibility and collaboration because of the
projects. We further confirm and extend the sub-dimension of increased R&D activities
from prior research (Hsu et al., 2009) and show how it develops. The science-based firms
continued to collaborate with several research partners after the subsidised project, such
as national and international universities and R&D institutes, including both familiar and
unfamiliar partners. The engineering-based firms also continued with several R&D
projects after the projects were completed but mostly in collaboration with known
research partners (Steinmo & Rasmussen, 2016).

Implications for practice
Our study shows how additionalities of public R&D subsidies are developed and can

emerge over long time periods. This knowledge provides important implications for how
policymakers can design R&D support schemes depending on the goals to be achieved.
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Subsidies with long-term goals will probably have a stronger effect if they trigger
behavioural additionality, which induces higher R&D investments by firms over time.
Thus, our study illustrates how a specific policy instrument can spur behavioural
additionality, which leads firms to use other policy instruments in the future, as illu-
strated by our process model in Figure 1. Indeed, most firms in our study received
subsequent public support to continue their innovation projects. Hence, firms with lower
levels of R&D experience may need to pursue smaller projects with higher levels of
support to learn, develop outputs, and change their behaviour to make more investments
in R&D. An effective approach is probably a policy mix that provides funding for firms to
gradually develop their R&D expertise through behavioural additionality as well as grants
to support larger projects over time. Moreover, our findings show how knowledge can be
developed from failures in parts of the projects. Hence, learning from failures should be
considered as an outcome from subsidised R&D projects.

Moreover, we show how the development of additionalities may differ depending on
firm characteristics. While the engineering-based firms in our study showed strong direct
innovation outputs related to their subsidies, the science-based firms seemed to create
stronger long-term additionalities. Thus, policy initiatives should consider using differ-
ent evaluation criteria for support given to these types of firms.

Limitations and implications for further research

Using a qualitative, longitudinal, and theory-building approach (Dimos & Pugh, 2016; Falk,
2007; Kochenkova et al., 2016), we mapped a process that has been scarcely investigated in
the literature. Our context and sample, which include only successful projects, are suitable
for revealing how the variety of additionalities interrelate, but the overall additionalities
cannot be directly generalised to the full population of projects or other contexts. Indeed,
public R&D subsidies seem to have higher additionalities for high-quality projects
(Hiinermund & Czarnitzki, 2019; Marino et al., 2016). Hence, the additionalities reported
in our cases are probably much stronger than average, and further research is needed to
examine these additionalities in more representative samples.

All cases are from a single country and a specific subsidy programme. Norway is
a small and relatively wealthy country with an R&D intensity close to the OECD average.
Due to the small domestic market, all the firms in our sample are more or less export
oriented, and some can be considered multinationals or born globals. The type of R&D
subsidy scheme investigated here is common in many countries and still persists as
a large scheme in Norway. Hence, the findings from this study are probably relevant in
the context of science- and engineering-based firms in other developed countries.

Another limitation is related to the endogeneity of the support (Szczygielski et al.,
2017). The firms were selected because they reported high value added from their
subsidies, which raises the question as to whether these firms would have still performed
well without the public support. Because the purpose of this study was to identify the
development of additionalities and their interrelationships rather than the size of these
effects, the main findings are not likely to be invalidated by such endogeneity problems.
However, studies seeking to evaluate the absolute or relative causal effects of R&D
subsidies on the different additionality dimensions need to apply research designs or
methods that deal with endogeneity issues (e.g., omitted variables or selection biases) that
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could potentially overestimate the effects (Dimos & Pugh, 2016). Our process model
shows the importance of accounting for firm characteristics when studying the addition-
alities of R&D subsidies to reduce the effects of unobserved firm heterogeneity (Aerts &
Schmidt, 2008; Dimos & Pugh, 2016).

Finally, this study was limited to firm-level additionalities for the lead firms of the
subsidised projects, but the benefits from the projects likely had a much broader reach
with benefits for collaborating firms, academic partners, and society at large (Fini et al.,
2018). The variety of additionalities from public R&D subsidies makes it difficult to
quantitatively assess the additionalities of subsidies. Ideally, evaluations of public sub-
sidies should include a variety of measures related to input, behavioural, and output
additionalities and should map over longer time periods and for different stakeholders.
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