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Abstract: The aim of this study is to analyse the effects of barriers to innovation on firms’ propensity
to engage in radical and incremental innovations. We look at innovative and potentially innovative
firms and estimate the effect of three types of barriers—financial, knowledge and competition—on
the propensity to radical innovation new to the world, radical innovation new to the market and
incremental innovation. An empirical study has been performed, drawing on data collected from the
German Mannheim Innovation Panel covering the period from 2014 to 2016. Empirical results reveal
heterogeneous effects of barriers depending on the degree of radicalness. In particular, knowledge
and competition barriers are an impediment to radical innovation, whereas financial and knowledge
barriers reduce a probability of incremental innovation. Based on the findings, we discuss policy
recommendations for mitigating barriers to innovation conditional on the degree of radicalness.

Keywords: barriers to innovation; radical innovation; incremental innovation; potential innovators

1. Introduction

This study investigates the impact of financial and non-financial barriers on radical
and incremental innovations in German firms. The literature on firm-level innovation
can, in general, be divided into two complementary streams of research; the one focusing
on drivers of innovation, and another investigating barriers to innovation. While the
former is a dominant approach [1–3], more research on the latter would be beneficial, given
that identifying barriers that attenuate firms’ innovation activities has straightforward
policy implications [1,2,4,5] and can help managers in identifying and mitigating obstacles
to innovation performance. Accordingly, until the 1990s, policy makers mainly focused
on overcoming barriers to innovation, while afterwards, the focus shifted on providing
incentives to innovation [6]. The former is associated with addressing market failures
associated with innovation activities, while the latter arises from policies aimed at tackling
systemic failures.

The study makes a number of contributions to the stream of research focusing on
barriers to innovation: first, it adds to the debate on barriers to innovation, both financial
and non-financial, in particular knowledge and competition barriers. Until recently, most
theoretical and empirical studies on barriers to innovation were concerned with financial
barriers. However, recent studies draw attention to other types of barriers, most notably
those associated with market uncertainty and knowledge management (see, e.g., [2,4,7,8]).
In this study, besides financial and knowledge barriers, we explore the effects of competition
barriers to innovation. The impact of competition on innovation activities is usually
explored in a separate strand of literature (see [9,10]), although empirical evidence is mixed.
For instance, while Aghion et al. [9] report an inverted U-shaped relationship between
competition and innovation, Hashmi [11] finds a mildly negative relationship. A prominent
feature of these studies is that innovation is measured by patent application. We explore
the effects of competition barriers on the degree of innovation radicalness, proxied by the
introduction of radical and incremental innovation, rather by the number of patents that a
firm filed for.
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Second, this study explores whether barriers to innovation are heterogeneous, given
the degree of innovativeness. As noted by Sandberg and Aarikka-Stenroos [3] and Hueske
and Guenther [12], there is a lack of studies on barriers to innovation that explore the
degree of radicalness, i.e., radical versus incremental innovations. This is rather surprising,
given that radical innovation is critical for firms’ long-term survival and serves as a basis
for future innovations [3]. Moreover, the literature argues that radical innovation could be
more affected by various obstacles than incremental innovation [3]. Third, another relevant
aspect is the degree of radicalness in radical innovation. Namely, not only that we can
distinguish between radical and incremental innovation, but also, radical innovation is
further categorized into innovation new to the world and innovation new to the market.
For a detailed discussion on the definition and categorization of radical innovation, see
Sandberg and Aarikka-Stenroos [3]. For the same definitions of radical and incremental
innovations as in our study, see Doran and Ryan [13]. However, we do not limit our
analysis to radical innovation, but also include incremental innovation, given that many
firms focus their innovative efforts on incremental innovation [14]). Moreover, we want to
explore whether barriers to innovation have a heterogeneous effect on radical compared to
incremental innovation.

Our empirical analysis is based on the Mannheim Innovation Panel (MIP) 2017, cov-
ering the period 2014–2016. The MIP is the German contribution to the Community
Innovation Survey (CIS) and it is an annual survey providing information about innovation
activities of German firms. To avoid selection bias, we analyse potentially innovative firms,
i.e., firms that are either innovative or those that are willing and try to innovate [15]. Studies
have shown that innovation policy for potentially innovative firms should be differentiated
from policy instruments aimed at encouraging firms, for which innovation is not a concern,
to become potential innovators [15]. Our empirical findings from probit models indicate
that financial barriers do not hamper radical innovation, but knowledge and competition
barriers do. For incremental innovation, financial and knowledge barriers significantly
reduce firms’ propensity to innovate.

This study is organized as follows. The next section discusses the theoretical frame-
work and previous empirical evidence on barriers to innovation. It is followed by a
description of the sample and data, as well as of the empirical strategy applied in the
study. Empirical findings will then be presented. The study concludes by outlining policy
implications as well as directions for future research.

2. Literature Review

Within the stream of research that investigates barriers to innovation, there are two
further complementary lines of enquiry. The first investigates the effects of barriers on
innovation performance, while the second looks at the determinants of barriers, such as
various firm and market characteristics [5,16]). Studies in the first category have barriers as
independent variables, while those in the second category have barriers as dependent vari-
ables. Our study belongs to the first group. Until recently, this line of research was mainly
focused on financial barriers (as noted in [1,2,6,15–17]). However, recent studies draw
attention to non-financial barriers, such as knowledge, demand and market barriers [2,4]).
Besides the dichotomy of financial and non-financial barriers, there is an additional di-
chotomy of deterring barriers (those faced by non-innovating firms) and revealed barriers
(those faced by potentially innovative firms, that tried to innovate but failed to transform
innovation inputs into outputs) [15,17,18]). Deterring barriers prevents firms from innovat-
ing, whereas revealed barriers occur when firms innovate despite facing various barriers.
Our study focuses on revealed financial and non-financial barriers, in particular knowledge
and competition barriers among innovative and potentially innovative German firms.

Knowledge barriers are primarily associated with a limited firm-level absorptive
capacity [19]), given that it is defined as a firm’s ability to absorb and utilize information
and knowledge relevant to innovation activities [7]. However, knowledge barriers are not
limited to firms’ absorptive capacity, but rather, with the development of open innovation
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practices, collaboration with external partners becomes equally important [20,21]). Con-
sequently, in empirical studies, knowledge barriers are proxied by the lack of qualified
personnel and difficulties in findings’ cooperative partners (see e.g., [2,4,7,8]).

Concerning competition barriers, the economics literature on competition and inno-
vation often explores this relationship in different market settings (oligopoly based on
price, oligopoly based on quantity, symmetric versus non-symmetric firms, etc.). While
early empirical evidence suggested that stronger competition had a detrimental effect on
firms’ uptake of innovation, studies from the 1990s onwards indicated the opposite (for a
review, see [22]). These divergent findings were partially reconciled when Aghion et al. [9]
reported an inverted U-shaped relationship; the degree of competition had a positive effect
on innovation, but up to a saturation point, after which competition negatively affected
innovation.

Our study has the objective of investigating the impact of barriers on innovation
activities. Empirical results will show whether these effects are negative, and thus in line
with the expectations, or if divergent results will emerge. With respect to the degree of
radicalness, Sandberg and Aarikka-Stenroos [3] argue that barriers to radical innovation
would differ from those to incremental innovation, as enhanced market and technological
uncertainties, inherent to radical innovation, would enhance other types of barriers, such
as those related to knowledge and network management. Therefore, we would expect the
magnitude of barriers, in particular, related to knowledge management, to be higher for
radical than for incremental innovations.

With respect to the review of previous empirical findings, we focus only on studies
in which barriers to innovation are independent variables of interest, as they are directly
comparable to our study (see Table 1 for a review of studies). Hewitt-Dundas [23] examines
the potentially detrimental effects of internal barriers to product innovation in Irish SMEs.
Internal barriers include lack of finance, lack of cooperative partners, risk of development
and lack of expertise. Empirical results suggest that for small plants, the most important
barrier to product innovation is a lack of external partners, whereas for larger plants, it
is the high risk of development or a lack of internal expertise. Segarra-Blasco et al. [24]
analyse the impact of costs of innovation projects and the lack of knowledge and market
conditions in Catalonian firms. Empirical evidence suggests that cost and knowledge
barriers seem to be the most important and that there are substantial sectoral differences
concerning barriers to innovation. Madrid-Guijarro et al. [25] investigate the impact of
15 obstacles to product, process and management innovations in Spanish SMEs. Findings
indicate that the most significant barriers are associated with costs, whereas the least signif-
icant are associated with manager/employee resistance. Moreover, costs associated with
innovation have proportionately greater impact on small than on larger firms. Blanchard
et al. [15] distinguish between financial and non-financial deterring and revealed barriers
to innovation. They report that non-financial barriers are equally important as financial
barriers. Moreover, innovation policy instruments for supporting potential innovators
(firms that either innovate or are willing to innovate) should be differentiated from instru-
ments aimed at encouraging firms that are, for various reasons, not interested in innovation.
Amara et al. [26] investigate the impacts of obstacles on various types of innovation in
knowledge-intensive business services (KIBS) in Canada. Empirical findings from the
logit models suggest that financial obstacles are negatively related to product and process
innovations, while knowledge obstacles tend to be negatively associated with delivery,
strategic, managerial, and marketing innovations. Finally, Pellegrino and Savona [2] inves-
tigate four waves of the UK CIS surveys and report that demand-side factors, particularly
concentrated market structure and lack of demand, are as important as financial constraints
in lowering the propensity to innovate.
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Table 1. Summary of previous empirical evidence.

Authors Sample Types of Barriers Findings

Hewitt-Dundas (2006) Irish SMEs

Internal barriers

• lack of finance
• lack of cooperative partners
• risk of development lack of expertise

Small plants

• the most important barrier to
product innovation is a lack of
external partners

Larger plants

• high risk of development or a
lack of internal expertise

Segarra-Blasco et al. (2008) Catalonian firms

Cost barriers

• lack of internal funds
• lack of external funds
• high cost of innovation

Knowledge barriers

• lack of qualified personnel
• lack of information on technology
• lack of information on marketsn
• barriers to finding partners

Market barriers

• market dominated by incumbents
• uncertain demand
• lack of demand for innovation

• Cost and knowledge barriers are
the most important

• Substantial sectoral differences

Madrid-Guijarro et al. (2009) Spanish SMEs

15 barriers

• excessive risk
• high costs
• difficulty of controlling cost
• difficulty of access to financial

resources
• economic turbulence
• lack of market information
• lack of cooperation possibilities
• lack of regional infrastructures
• insufficient government support
• lack of new technology information
• manager resistance to change
• employee resistance to change
• lack of qualified personnel
• lack of formative activity in the

company
• problems of retention of qualified

employees in the company

• Cost barriers are the most
significant.

• The least significant barriers are
associated with
manager/employee resistance.

• Costs associated with
innovation have proportionately
greater impact on small than on
larger firms.

Blanchard et al. (2013) French firms

Dummy variable = 1 if a firm has declared
having met an obstacle that hampered its
willingness to innovate (any nine
obstacles: lack of funds within enterprise
or group; lack of finance from sources
outside enterprise; innovation costs are
too high; lack of qualified personnel; lack
of information on technology; lack of
information on markets; difficulty in
finding cooperation partners for
innovation; market dominated by
established enterprises; uncertain demand
for innovative goods or services).

• Non-financial barriers are
equally important as financial
barriers.

• Innovation policy instruments
for supporting potential
innovators should be
differentiated from instruments
aimed at encouraging firms that
are not interested in innovation.
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Table 1. Cont.

Authors Sample Types of Barriers Findings

Amara et al. (2016)
Knowledge-intensive

business services (KIBS)
in Canada

Financial obstacles

• high economic risk
• cost of financing
• access to financing

Knowledge obstacles

• lack of access to skilled employees
• lack of information on markets
• lack of information on technologies
• intensity of competition

• Financial obstacles are
negatively related to product
and process innovations.

• Knowledge obstacles are
negatively associated with
delivery, strategic, managerial,
and marketing innovations.

Pellegrino and Savona (2017) UK firms

Financial obstacles

• excessive perceived economic risk
• too high innovation costs
• cost of finance
• availability of finance

Knowledge obstacles

• lack of qualified personnel
• lack of information on technology
• lack of information on markets

Market obstacles

• market dominated by established
enterprises

• uncertain demand for innovative
goods or services

Regulation obstacles

Demand-side factors, particularly
concentrated market structure and
lack of demand, are as important as
financial constraints in lowering the
propensity to innovate.

3. Methodology
3.1. Sample

The Mannheim Innovation Panel (MIP) dataset used in this study has been collected
by the Centre of European Economic Research together with the Fraunhofer Institute for
System and Innovation Research and the Institute for Applied Social Sciences on behalf of
the German Federal Ministry for Education and Research (BMBF). The MIP is an annual
innovation survey based on a panel sample of German firms that constitutes the German
contribution to the European Commission’s Community Innovation Survey (CIS). The MIP
sample is a stratified random sample that covers enterprises with five or more employees
from manufacturing and service sectors. The sample is stratified by sector, size, class and
region. The MIP is the mail survey.

Our study focuses on the survey conducted in 2017 and covering the period 2014–2016.
The MIP questionnaire is divided into 13 groups of questions. The first group provides
general information about the firm (number of employees and those with a university
degree, turnover and exports), the type of geographical market (regional, national, Euro-
pean and world), firms’ strategies and competitive positions. Groups 2 and 3 deal with
the introduction of product and process innovations. The main questions of interest for us
here are Questions 2.3 and 2.4: “Were any of the product innovations introduced during
2014 to 2016 new to the market, i.e., your enterprise was the first one to market these
products/services?” (radical innovation—Question 2.3) and “Were any of the product in-
novations introduced during the three years 2014 to 2016 new to your enterprise’s product
range, i.e., there was no previous version of this product in your enterprise’s product line?”
(incremental innovation—Question 2.4). Group 4 is devoted to ongoing, discontinued,
abandoned and planned innovation activities. Group 5 concerns the innovation inputs,
particularly internal R&D, external R&D, and the acquisition of other external knowledge
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(embodied in equipment, software, or other sources). Group 6 focuses on public financial
support to R&D and innovation. Group 7 is about the sources of information from cus-
tomers, suppliers, competitors, etc. Group 8 of the questionnaire is related to cooperation
for innovation, types of cooperative partners and their geographical locations. Group 9
is devoted to marketing and organisational innovations. Group 10 deals with intellectual
property rights. Group 11 is about two types of factors, those that affect firms’ decision
to refrain from innovation activities and those that hamper innovation. Our variables of
interest are from the second type of factors. Group 12 is about logistic innovation and group
13 focuses on basic financial information (e.g., payroll costs, expenditures for material and
intermediate inputs and energy, expenditures for professional development training etc.).

The full sample consists of 5189 firms in manufacturing and service sectors. However,
recent empirical studies in this stream of research have made a distinction between innova-
tive, non-innovative and potentially innovative firms [5]. When investigating the influence
of barriers to innovation, researchers should take into account the issue of selection bias,
given that the CIS waves include innovating and non-innovating firms [2,4,17]). Namely,
policy instruments for supporting innovation should be designed based on evidence from
analysing either innovative firms or those that want to innovate—termed “potential inno-
vators” [2,4,15,17]. Accordingly, our sample includes innovating firms as well as potential
innovators, i.e., firms who are willing to innovate and face at least one obstacle to inno-
vation at a high degree [15]. Accordingly, we exclude firms that are not innovating and
those firms that did not face any obstacles to innovation to a high degree [15]. For each
type of barriers, firms are asked whether they face it to a high, medium or low degree (or
not important).

Table 2 shows variable description and descriptive statistics for the variables in es-
timated models. As expected, the number of firms that introduced radical innovation is
significantly lower than the number of firms engaged in incremental innovation. In the
surveyed period, 34.1 percent of firms introduced innovation new to the world, 26.3 percent
of firms introduced innovation new to the market, and 66 percent introduced incremental
innovation. On average, the score for financial barriers is 0.443, for knowledge barriers is
0.454, and for competition barriers the score is 0.523. The modal firm in the effective sample
has 100 employees, while labour productivity is 27.37 percent. The share of turnover
from abroad is 17.66 percent. R&D intensity on average is 2.05 percent. With respect to
the number of firms that invested in various innovation inputs, 42% of firms invested in
machinery and facilities for innovation, 13.9% invested in external knowledge, 36.8% in
training for innovation, 26.8% of firms invested in market introduction of innovation, 22.9%
of firms invested in design for innovation, and 34% of firms invested in conceptual work,
industrial engineering associated with innovation.

3.2. Model Specification

We estimate three models in which dependent variables are binary indicators (see
Table 2 for variable description): the dependent variable Radical innovation new to world
is equal to 1 if a firm introduced any products that were new to the world in the period
2014–2016 (zero otherwise); Radical innovation new to market is equal to 1 if a firm introduced
new products that are new to the market in the period 2014–2016 (zero otherwise); and
Incremental innovation is equal to 1 if a firm introduced a products that are new to the firm
in the period 2014–2016 (zero otherwise) (see [13] for these definitions). Given that all three
dependent variables are binary, we will estimate probit models (see Table 3).
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Table 2. Variable description and summary statistics.

Variables Variable Description Mean
(Stand. Deviation)

Dependent variables

Radical new to world DV = 1 if a firm responded “Yes” to question: “Were any of the product innovations
introduced during 2014 to 2016 new to the world market?”; zero otherwise

0.341
(0.474)

Radical new to market DV = 1 if a firm responded “Yes” to question: “Were any of the product innovations
introduced during 2014 to 2016 new to the market?”; zero otherwise

0.263
(0.441)

Incremental innovation

DV = 1 if a firm responded “Yes” to question: “Were any of the product innovations
introduced during the three years 2014 to 2016 new to your enterprise’s product
range, i.e., there was no previous version of this product in your enterprise’s
product line?”; zero otherwise

0.660
(0.474)

Variables of interest

Financial barriers Score = (cost barrier + lack of internal finance + lack of external finance + barrier to
government support)/4

0.443
(0.383)

Knowledge barriers Score = (lack of internal skilled employees + lack of skilled external employees +
lack of collaborative partners)/3

0.454
(0.377)

Competition barriers Score = (product substitutes + threat of entrants + competitor behaviour + foreign
competitors + price increase)/5

0.523
(0.311)

Control variables

Firm size Number of employees in 2014 99.593
(168.683)

Labour productivity Turnover divided by number of employees in 2014 27.367
(16.769)

Export intensity Turnover from abroad divided by total turnover in 2014 17.655
(25.749)

R&D intensity R&D expenditure divided by turnover in 2016 2.053
(4.139)

Machines and facilities DV = 1 if a firm invested in acquisition of machinery, equipment, software and
buildings for innovation in the period 2014–2016; zero otherwise

0.420
(0.494)

External knowledge DV = 1 if a firm invested in acquisition of other external knowledge for innovation
in the period 2014–2016; zero otherwise

0.139
(0.346)

Training DV = 1 if a firm invested in in-house and external training for innovation in the
period 2014–2016; zero otherwise

0.368
(0.482)

Market introduction
DV = 1 if a firm invested in market introduction of innovation (in-house and
externally procured marketing activities in direct connection to product or process
innovation) in the period 2014–2016; zero otherwise

0.268
(0.443)

Design
DV = 1 if a firm invested in design for innovation (in-house and externally procured
design activities in direct connection to product or process innovation) in the period
2014–2016; zero otherwise

0.229
(0.420)

Preparation DV = 1 if a firm invested in conceptual work, industrial engineering and other
activities for innovations in the period 2014–2016; zero otherwise

0.340
(0.474)

Food or tobacco DV = 1 if a sector in which a firm is operating is food or tobacco; zero otherwise 0.051
(0.220)

Textiles DV = 1 if a sector in which a firm is operating is textiles; zero otherwise 0.036
(0.187)

Wood or paper DV = 1 if a sector in which a firm is operating is wood or paper; zero otherwise 0.027
(0.163)

Chemicals DV = 1 if a sector in which a firm is operating is chemicals; zero otherwise 0.051
(0.220)

Plastics DV = 1 if a sector in which a firm is operating is plastics; zero otherwise 0.040
(0.197)

Glass or ceramics DV = 1 if a sector in which a firm is operating is glass or ceramics; zero otherwise 0.016
(0.125)

Metals DV = 1 if a sector in which a firm is operating is metals; zero otherwise 0.080
(0.272)
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Table 2. Cont.

Variables Variable Description Mean
(Stand. Deviation)

Electric equipment DV = 1 if a sector in which a firm is operating is electric equipment; zero otherwise 0.099
(0.298)

Machinery DV = 1 if a sector in which a firm is operating is machinery; zero otherwise 0.071
(0.257)

Retail or automotive
DV = 1 if a sector in which a firm is operating is sale, maintenance and repair of
motor vehicles and motorcycles, retail sale of automotive fuel; retail trade, repair of
personal and household goods; zero otherwise

0.026
(0.160)

Furniture DV = 1 if a sector in which a firm is operating is manufacturing of furniture, jewelry,
musical instruments, sports equipment, games and toys; zero otherwise

0.070
(0.254)

Energy and water DV = 1 if a sector in which a firm is operating is electricity, gas and water supply;
zero otherwise

0.030
(0.170)

Wholesale DV = 1 if a sector in which a firm is operating is wholesale trade and commission
trade, except of motor vehicles and motorcycles; zero otherwise

0.032
(0.175)

Transport equipment DV = 1 if a sector in which a firm is operating is manufacturing of motor vehicles
and parts, other transport equipment, aircraft and spacecraft; zero otherwise

0.073
(0.260)

Media services DV = 1 if a sector in which a firm is operating is media services; zero otherwise 0.043
(0.203)

IT DV = 1 if a sector in which a firm is operating is computer and related activities,
telecommunications; zero otherwise

0.056
(0.231)

Banking and insurance DV = 1 if a sector in which a firm is operating is banking and insurance; zero
otherwise

0.026
(0.158)

Technical and R&D services
DV = 1 if a sector in which a firm is operating is research & development;
architectural and engineering activities; technical, physical and chemical testing and
analysis; zero otherwise

0.068
(0.251)

Consulting and advertising DV = 1 if a sector in which a firm is operating is consulting and advertising; zero
otherwise

0.064
(0.245)

Firm-related services
DV = 1 if a sector in which a firm is operating is legal, accounting, book-keeping and
auditing activities, tax consultancy, market research and public opinion polling,
holdings; zero otherwise

0.041
(0.197)

Regarding explanatory variables of interest, individual barriers to innovation are
measured on a four-item scale that asks firms to evaluate the importance of a specific
barrier (“no”, “low”, “medium”, “high”). The survey question is: “How important were
the following hampering factors for starting and conducting innovation activities in your
enterprise during 2014 and 2016?”. Responses were recoded into binary variables equal to
zero if a barrier was not important or rated as having a low importance and equal to 1 if
it was considered of medium or high importance. After individual barriers were created,
we further grouped them into three categories—financial, knowledge and competition
barriers. Each category is measured as a score, and formulas for each are shown in Table 2
(see [27], on constructing this type of scores in a different context). Financial barriers
include “Innovation costs too high”, “Lack of internal finance for innovation”, “Lack
of external finance for innovation”, and “Difficulties in obtaining government grants
or subsidies for innovation”. Knowledge barriers include “Lack of skilled employees
within the enterprise”, “Lack of skilled employees in the labour market”, and “Lack of
suitable collaboration partners”. Competition barriers include “Products/services are
easily substituted by competitors’ products/services”, “Major threat to market position
because of entry of new competitors”, “Competitor’s actions are difficult to predict”,
“Strong competition from abroad”, and “Price increases lead to immediate loss of clients”.
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Table 3. Probit model estimations.

Model 1 Model 2 Model 3

Independent Variables Radical Innovation
New to World

Radical Innovation
New to Market

Incremental
Innovation

Financial barriers 0.070 0.082 −0.441 ***
(0.132) (0.139) (0.153)

Knowledge barriers −0.338 *** −0.133 −0.548 ***
(0.127) (0.135) (0.154)

Competition barriers −0.307 ** −0.320 ** −0.274
(0.145) (0.149) (0.178)

Firm size 0.001 ** 0.000 0.001 *
(0.000) (0.000) (0.000)

Productivity 0.005 0.006 * 0.002
(0.003) (0.003) (0.004)

Export intensity 0.001 0.003 0.007 **
(0.002) (0.002) (0.003)

R&D intensity 0.044 *** 0.083 *** 0.084 ***
(0.012) (0.013) (0.029)

Machines and facilities 0.196 * 0.004 1.288 ***
(0.100) (0.111) (0.148)

External knowledge 0.144 0.318 ** 0.749 **
(0.128) (0.133) (0.294)

Training 0.442 *** −0.098 0.691 ***
(0.107) (0.119) (0.186)

Market introduction 0.480 *** 0.625 *** 1.230 ***
(0.119) (0.125) (0.330)

Design −0.004 0.374 *** 0.143
(0.125) (0.125) (0.264)

Preparation 0.312 *** 0.228 * 0.874 ***
(0.117) (0.123) (0.183)

Constant −0.937 *** −1.426 *** −0.263
(0.227) (0.269) (0.256)

No of observations 1136 1142 1139
Notes: Sectoral dummies are included in all models but not reported. Robust standard errors in parentheses.
*** p < 0.01, ** p < 0.05, * p < 0.1.

Control variables include continuous variables Firm size to account for the number
of employees and Productivity (defined as turnover divided by number of employees in
2014). We model exporting activities (variable Export) as a continuous variable, measuring
the share of total sales sold abroad in 2014. Exporting firms might be more innovative
than their counterparts, as international competition creates more pressure on firms to
innovate [28,29]. With respect to absorptive capacity, we include a series of variables
capturing firms’ activities as innovation inputs: a continuous variable R&D intensity (R&D
expenditure divided by turnover in 2016) (see, e.g., [29]); and dummy variables Machines
and facilities (investment in acquisition of machinery, equipment, software and buildings),
External knowledge (investment in acquisition of other external knowledge for innovation),
Training (investment in in-house and external training for innovation) (see, e.g., [30]),
Market introduction (investment in market introduction of innovation) (see, e.g., [30]),
Design (investment in design for innovation) and Preparation (investment in conceptual
work, industrial engineering and other activities for innovations). Finally, to control for
industry heterogeneity, sectorial dummy variables were included for 20 industries (mining
is excluded from the analysis; food or tobacco is the reference sector, see Table 2 for the list
of sectors).

4. Empirical Results

The correlation matrix showing the Pearson correlation coefficients among the in-
dependent variables is presented in Table A1 in Appendix A. Following Hair et al. [31]
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(p. 351), correlation coefficients below 0.40 suggests a small strength of association between
variables, between 0.40 and 0.70 a moderate association, and above 0.70 high association.
Therefore, the correlations shown in Table A1 are overall small to moderate. To assess
potential problems with multicollinearity, the variance inflation factor (VIF) was calculated
for models shown in Table 2. The VIF is 1.76, which is substantially lower than the conser-
vative cut-off of 10 [32]. These results suggest that the estimated models are not biased by
the presence of multicollinearity.

Estimated probit models are reported in Table 3. In Model 1, in which the dependent
variable is radical innovation that is new to the world, knowledge and competition barriers
have negative and statistically significant (p < 0.01 and p < 0.05 respectively) effects. To
quantitatively interpret the results, we proceed by estimating marginal effects (see Table 4).
Knowledge barriers reduce the propensity to radical innovation that is new to the world
by 9.2 percentage points (p.p.), while competition barriers reduce it by 8.4 p.p. In Model
2, in which the dependent variable is radical innovation that is new to the market, the
impact of competition barriers is negative and statistically significant (p < 0.05), while we
find no evidence of the impact of financial and knowledge barriers. Marginal effects in
Table 4 show that competition barriers reduce the probability of radical innovation that
is new to the market by 7.7 p.p. Finally, in Model 3, in which the dependent variable
is incremental innovation, financial and knowledge barriers have negative and highly
statistically significant (p < 0.01) effects. Marginal effects in Table 4 show that financial
barriers reduce the propensity to incremental innovation by 7.2 p.p., whereas knowledge
barriers reduce it by 9 p.p.

Table 4. Marginal effects for models in Table 3.

Model 1 Model 2 Model 3

Independent Variables Radical New to
World

Radical New to
Market

Incremental
Innovation

Financial barriers 0.019 0.020 −0.072 ***
(0.036) (0.034) (0.025)

Knowledge barriers −0.092 *** −0.032 −0.090 ***
(0.034) (0.033) (0.025)

Competition barriers −0.084 ** −0.077 ** −0.045
(0.039) (0.036) (0.029)

Firm size 0.000 ** 0.000 0.000 *
(0.000) (0.000) (0.000)

Productivity 0.001 0.001 * 0.000
(0.001) (0.001) (0.001)

Export intensity 0.000 0.001 0.001 **
(0.001) (0.001) (0.001)

R&D intensity 0.012 *** 0.020 *** 0.014 ***
(0.003) (0.003) (0.005)

Machines and facilities 0.053 * 0.001 0.212 ***
(0.027) (0.027) (0.021)

External knowledge 0.039 0.077 ** 0.123 **
(0.035) (0.032) (0.048)

Training 0.121 *** −0.024 0.114 ***
(0.029) (0.029) (0.029)

Market introduction 0.131 *** 0.151 *** 0.202 ***
(0.032) (0.029) (0.054)

Design −0.001 0.090 *** 0.023
(0.034) (0.030) (0.043)

Preparation 0.085 *** 0.055 * 0.144 ***
(0.032) (0.030) (0.029)

No of observations 1136 1142 1139
Notes: Sectoral dummies are included in all models but not reported. Standard errors in parentheses. *** p < 0.01,
** p < 0.05, * p < 0.1.
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Focusing on control variables, firm size has a positive effect on radical innovation
that is new to the world (p < 0.05) and marginal positive effect on incremental innova-
tion (p < 0.1). Productivity only marginally (p < 0.1) increases the likelihood of radical
innovation in the market. Exporting firms are more likely to introduce incremental in-
novation (p < 0.05). Concerning absorptive capacity, R&D intensity uniformly increases
the probability of all three types of innovation (p < 0.01), while investment in machines
and facilities increases the probability of incremental innovation by 21.2 p.p. (p < 0.01)
and marginally increases the likelihood of radical innovation new to the world by 5.3 p.p.
(p < 0.1). Investment in external knowledge increases the likelihood of radical innovation
that is new to the market by 7.7 p.p. (p < 0.05) and incremental innovation by 12.3 p.p.
(p < 0.05). Training focused on innovation activities increases the propensity of radical
innovation that is new to the world by 12.1 p.p. (p < 0.01) and of incremental innovation
by 11.4 p.p. (p < 0.01). Investment in market introduction of innovation has a uniformly
positive effect on all three types of innovation (and highly statistically significant, p < 0.01).
Investment in design has a positive effect on innovation that is new to the market (p < 0.01).
Finally, investment in conceptual work and industrial engineering (variable Preparation)
has highly statistically significant effects on innovation that is new to the world and incre-
mental innovation (p < 0.01) and a marginally positive effect on innovation that is new to
the market (p < 0.1).

5. Conclusions
5.1. Discussions and Implications

This study explores barriers to radical and incremental innovations in German firms
for the period 2014–2016. Our findings reveal heterogeneous effects with respect to the
degree of radicalness. First, competition barriers reduce the propensity to both types of
radical innovation, but have no effect on incremental innovation. Second, in Section 2, we
noted that the magnitude of barriers, in particular, related to knowledge management, was
expected to be higher for radical than for incremental innovations. However, our findings
show that knowledge barriers have the same effects on radical innovation (new to the
world) and incremental innovation. That is, there is no statistically significant difference
at the 1% level between the coefficients (0.092 and 0.090 respectively). Third, with respect
to financial barriers, empirical findings indicate that German firms do not perceive them
as a hampering factor for the propensity to radical innovation, but they do reduce the
likelihood of incremental innovation.

Overall, these findings are partly consistent with Hölzl and Janger [7], who explored
the effects of innovation barriers in 18 EU member states that are at different stages of
economic and technological development. The authors report that, for firms located
in countries close to the economic and technology frontier, the availability of external
finance is not a hindering factor, while barriers related to the availability of skilled labour,
innovation partners and technological knowledge are important barriers to innovation.
These findings can be associated with Germany, given that it is among countries that are
innovation leaders in the EU as well as at the technology and economic frontier. However,
our analysis provides more fine-grained findings that show that financial barriers indeed
are not a significant hampering factor in case of radical innovation. Moreover, we report a
significant detrimental effect of knowledge barriers on both types of innovation.

The magnitudes of detrimental effects are economically substantial, such that the
smallest effect is 7.2 percentage points in case of the impact of financial barriers to incre-
mental innovation, and the largest is 9.2 percentage points with respect to the influence of
knowledge barriers on the likelihood of radical innovation that is new to the world. These
effects are consistent with Blanchard et al. [15], who report that the presence of obstacles
reduces the propensity to innovate between 8 and 17 percentage points.

Our study offers three contributions to the literature on barriers to innovation. First,
empirical results suggest that a “one-size-fits-all” policy is not optimal in supporting radical
and incremental innovations, given that firms face different barriers depending on which
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type of innovation they want to engage in. If policy makers want to stimulate firms’ en-
gagement in radical innovation, then removing or minimizing knowledge and competition
barriers is of high importance. With respect to the latter, the demand-side policy measures
could be particularly effective [1,33]. Namely, if too much competitive pressure has a
detrimental effect on radical innovation, then the government could create its own demand
for products that are currently unavailable in the market via, e.g., public procurement of
innovation. This policy instrument is complementary to traditional, supply-side measures,
such as R&D subsidies and R&D tax credits [1,34]. The second contribution is the finding
that financial constraints have a hampering effect on the propensity to incremental innova-
tion. Policy measures aimed at addressing this market failure should be accompanied with
measures designed to address systemic failures associated with knowledge barriers, such
as the education policy and private-public cooperation [6,15]. The third contribution is the
finding that common barriers that firms face when introducing any type of innovation,
whether radical or incremental, are those related to knowledge generation. Consequently,
any policy measures designed to tackle bottlenecks in knowledge provision will have a
stimulating effect on innovation, regardless of its degree of radicalness.

5.2. Limitations and Future Research

Our study has certain limitations that can serve as suggestions for future research.
First, the dataset used in this study is cross-sectional, which means that we cannot explore
dynamics of obstacles to innovation [3]. The availability of longitudinal data would allow
this line of enquiry, as well as the distinction between short and long run effects. Second,
it would be interesting to conduct a more fine-grained analysis based on different types
of firms and markets. For instance, it would be insightful to explore whether different
types of barriers have a similar detrimental effect in SMEs compared to large firms, and
firms operating in the manufacturing sector compared to services firms [3]. Finally, our
study focuses on one country, which is an innovation leader in the European Union (see
Innovation Scoreboards). Future cross-country comparisons would allow a comparison
of our findings for Germany with findings for other countries categorized as innovation
leaders in the Innovation Scoreboard, but also for country groups of followers, moderate
and modest innovators [7].
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Appendix A

Table A1. Correlation matrix.

Independent Variables (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

(1) Financial barriers 1.000
(2) Knowledge barriers 0.428 *** 1.000
(3) Competition barriers 0.158 *** 0.089 *** 1.000

(4) Firm size −0.182 *** −0.072 ** 0.045 1.000
(5) Productivity −0.246 *** −0.109 *** 0.072 ** 0.295 *** 1.000

(6) Export intensity −0.120 *** −0.130 *** 0.046 0.317 *** 0.349 *** 1.000
(7) R&D intensity −0.022 −0.020 −0.112 *** −0.013 −0.072 ** 0.250 *** 1.000

(8) Machines and facilities −0.139 *** −0.082 *** −0.059 ** 0.215 *** 0.164 *** 0.198 *** 0.211 *** 1.000
(9) External knowledge −0.036 −0.010 −0.025 0.089 *** 0.083 *** 0.053 * 0.091 *** 0.280 *** 1.000

(10) Education −0.120 *** −0.030 −0.087 *** 0.172 *** 0.082 *** 0.170 *** 0.247 *** 0.419 *** 0.294 *** 1.000
(11) Market introduction −0.055 * −0.050 * −0.005 0.184 *** 0.120 *** 0.240 *** 0.240 *** 0.323 *** 0.203 *** 0.418 *** 1.000

(12) Design −0.074 ** −0.075 ** 0.004 0.162 *** 0.066 ** 0.122 *** 0.192 *** 0.292 *** 0.223 *** 0.394 *** 0.523 *** 1.000
(13) Preparation −0.115 *** −0.094 *** −0.064 ** 0.180 *** 0.134 *** 0.279 *** 0.279 *** 0.391 *** 0.233 *** 0.435 *** 0.556 *** 0.459 *** 1.000

Notes: *** p < 0.01, ** p < 0.05, * p < 0.10.
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