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A B S T R A C T

This work extends knowledge concerning the relationships among open innovation, innovative performance and
government support for innovation within Brazilian firms. Data were obtained from two different firm samples
(Sample A, on incremental innovation, and Sample B, on radical innovation). The main research results are as
follows. First, in considering government support for innovation, Sample B, based on radical innovation, played
a superior and stronger role than Sample A. Secondly, for both samples, the cooperation of external firms has a
positive effect on firms’ innovative performance, which was positively controlled by the size of the firms.
Thirdly, in general, radical innovation requires synergy and a more intense focus regarding the constructs
considered therein. This work also adds value in methodological terms, as this is the first research to have tested
different models of samples with different levels of radicalism in innovation.

1. Introduction

This article aims to answer unresolved questions concerning open
innovation (OI), as well as its impact on both incremental and radical
innovation performance. What are the effects of internal and external
organizational boundary collaboration on these two forms of innova-
tion performance respectively? What moderating role does government
support play in the relationship between internal and external organi-
zational boundary collaboration and radical and incremental innova-
tion performance?

Because of its potential to intensify internal and external knowledge
flows in order to improve the process of innovation, the OI approach
proposed by Chesbrough (2003b) has attracted attention from profes-
sionals and researchers concerned with the topics of innovation and
technology management (e.g., Laursen and Salter, 2006; Trott and
Hartmann, 2009; Randhawa et al., 2016). Several publications seek to
demonstrate the main practices that companies operating in different
countries and economic sectors adopt in order to operationalize OI (Van
de Vrande et al., 2009; Cheng and Huizingh, 2014). Other studies show
the influence of relationships between the application of OI practices

and firm performance (Burcharth et al., 2014; Greco et al., 2015;
Rubera et al., 2016). However, conclusions regarding the nature of the
relationship remain uncertain (Cheng and Shiu, 2015). There is a lack
of research analyzing and comparing the boundaries of collaboration
and their influence on radical and incremental innovation. In addition,
a lesser-known aspect is government support and its moderating role in
the relationship between organizational boundary collaboration and
innovation performance.

Drawing a comparison between companies that have developed
incremental and radical innovation respectively is justified because
studies in innovation management (e.g., Chang et al., 2012; Cheng and
Shiu, 2015; Inauen and Schenker-Wicki, 2015) have shown that these
two forms of innovation effort require different management practices,
capabilities and organizational components (Bessant et al., 2010;
Büschgens et al., 2013; Salter et al., 2014b). We will refer to internal
and external organizational boundary collaboration as simply internal
collaboration (IC) and external collaboration (EC).

In view of these gaps, to address the lack of literature with respect to
this subject, the objective of the present article is to address the influ-
ence of organizational boundary collaboration on innovation
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performance in companies with both radical and incremental innova-
tion, as well as in companies with incremental innovation alone. In
addition, the study aims to verify the moderating role of government
support and company size in innovation performance in an emerging
market environment. To achieve this objective, a quantitative survey
was conducted of a sample of 116 firms belonging to innovative sectors
in Brazil (IBGE, 2013), such as electronics, industrial automation and
telecommunications. Of these firms, 63 declared that they developed
only incremental innovations (Sample A), while 53 firms declared that
they have developed radical innovations (Sample B).

Furthermore, research on this topic is almost exclusively based on
studies of North American, European and Asian firms (e.g., Chesbrough,
2003a; Van de Vrande et al., 2009; Cheng and Huizingh, 2014). Few
studies have been published on this topic on firms operating in Brazil
(Nagano et al., 2014) and fewer still in South America as a whole. Brazil
invests a superior percentage of its gross domestic product (GDP) in
activities related to R&D when compared with other Latin American
economies, but it performs poorly in relation to developed countries
when data related to the number of patents are taken into account
(Esteves and Feldmann, 2016). In analyzing this divergence, one no-
tices that technology acquisition is the most important innovation
strategy in Brazil. Overall, locally-based firms are considered to be
more innovative in terms of processes innovation than in new product
innovation, which tends to require highly skilled and qualified work-
force (Goedhuys and Veugelers, 2012). Another possible explanation
for this situation is that the economic sectors in which Brazil specializes
are in the commodity industries.

Government economic intervention intended to foster OI and
growth was also an integral part of a national project involving public
policies implemented by several government agencies in Brazil. Rocha
(2009) and Lisboa and Latif (2013) argue that the Brazilian govern-
ment's interventions aim to protect the national industry and have been
viewed as a mechanism to induce economic development through im-
port substitution strategies and quotas for local content. In addition,
more recently, the Brazilian government has stimulated technological
innovation and a more open ecosystem for innovation in the country
through specific laws involving public incentives for innovation, such
as the Innovation Law (Matias-Pereira and Kruglianskas, 2005; Fabiani
and Sbragia, 2014). We therefore had an opportunity to assess whether
or not government intervention truly plays a role in the different types
of innovation performance.

To address these issues, this article first presents its theoretical
model and research hypotheses. Second, it presents and justifies the
methodological procedures used in this study. Third, the results from
the companies that participated in this survey are presented. Fourth, a
discussion of the implications, conclusions, limitations and future re-
search proposals is provided.

2. Conceptual background

2.1. Incremental and radical innovation and open innovation

Baregheh et al. (2009) define innovation as a multi-stage process in
which organizations turn ideas into new or improved products, service
or processes in order to advance, compete and differentiate themselves
in their market place. Innovations may require different efforts and can
therefore be classified using a typology (Mol and Birkinshaw, 2014).
Two basic types of technological innovation can be distinguished (Van
de Ven et al., 2000; Garcia and Calantone, 2002; Bessant et al., 2010):
incremental and radical (or continuous and non-continuous). Incre-
mental innovation can be characterized by improvements leading to
minor technological changes, causing a minor differential in the value
realized by the customer. Radical innovation incorporates a sub-
stantially different technology and fulfills novel emerging customer
needs (Van de Ven et al., 2000; Forés and Camisín, 2016).

Previous work (e.g., Teece, 2007; Salter et al., 2014b) suggests that

incremental and radical innovations require the adoption of different
management practices and capabilities. For Veryzer (1998) and Bessant
et al. (2014), it is not clear whether management practices associated
with incremental innovations are similarly applicable to radical in-
novations, or whether certain traditional practices may prove un-
productive in the context of radical innovations. The results of research
by Fóres and Camisón (2015) indicate that large companies are focused
on incremental innovation rather than radical innovation. According to
these authors, this focus occurs because large firms often seek to soli-
dify their market positions and therefore apply incremental innovations
more frequently. This finding does not mean that small companies are
focused on high growth sectors, but the stronger evidence for innova-
tion originates from small, young, high-growth, companies (Mazzucato,
2011).

OI activities have an inconclusive impact on incremental and radical
innovation performance (Cheng and Shiu, 2015; Greco et al., 2015).
Tödtling et al. (2009) found that firms that introduce radical innova-
tions cooperate more often with external linkages, such as universities
and research organizations, while those that have introduced less ad-
vanced innovations rely more on internal linkages. Firms with OI
strategies tend to combine technology exploration and exploitation
(Van de Vrande et al., 2009). Gobbo Junior and Olsson (2011) suggest
that, while exploration involves radical innovation, exploitation in-
volves incremental innovation in which strong ties are needed to sup-
port the exploitation of innovations, leading to strong internal colla-
borative activities.

Compared to incremental innovations, the development of radical
innovation requires more intense application of organizational com-
ponents, such as cross-functional development teams, organizational
structures oriented towards innovation and the involvement of senior
management in the innovation process, among other aspects (Mol and
Birkinshaw, 2014; Büschgens et al., 2013; Salter et al., 2014b). Because
of the need to transform invention into development, the integration of
different functions of the organization is a relevant aspect of the de-
velopment of radical innovations (Griffin et al., 2014).

Despite these differences, few studies compare radical and incre-
mental innovation efforts with the collaborative relationships proposed
by the OI approach. One of these studies, by Chang et al. (2012), found
that openness capability, or the firm's ability to search for diversified
sources of creative ideas from external, distant and wider orientations,
increases radical innovation performance. Chiang and Hung (2010)
noted that, while a limited number of external channels can facilitate
incremental innovation, the broad range of external channels can en-
hance the innovating firm's radical innovation performance. Inauen and
Schenker-Wicki (2015) recognize that inside-out OI has a significant
impact on innovation performance and is more likely to create radical
innovations.

Cheng and Shiu (2015) found that a company's ability to obtain and
exploit the knowledge of external partners enhances its radical in-
novation performance. However, this situation hinders the company's
incremental innovation performance. Rubera et al. (2016) found that,
when complemented by market information and the strong involve-
ment of the R&D department, OI practices positively influence the
number of new-to-firm products that firms develop and introduce to
markets.

2.2. Internal and external collaboration and open innovation

OI has been researched from several perspectives (Oakley, 2012;
Randhawa et al., 2016), industrial contexts (Ozman, 2012) and using
different levels of analysis (Bogers et al., 2017). Therefore, Bogers et al.
(2017) propose a theoretical framework that compares the five levels of
analysis in OI. Considering the objectives of this research, we in-
vestigated the following levels of analysis: intra-organizational (issues
such as employee participation and organizational culture in OI activ-
ities), and extra-organizational (addressing the involvement of external
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stakeholders in the innovation process).
From the perspective of the extra-organizational level of analysis,

West and Bogers (2014) suggest that companies can identify or search
for external sources of innovation by collaborating with a diverse group
of external stakeholders or by seeking experts with valuable knowledge
(i.e., external collaboration). Jones et al. (2016) highlight the role of
external partnerships as one of the main trends in OI. With respect to
integration with the external environment, studies show that OI is
based on strengthening collaborative relationships for innovation with
suppliers, customers and users, universities, government research in-
stitutes, consultants and competitors (Von Hippel, 1986; Piller and
Walcher, 2006; Huizingh, 2011; Holl and Rama, 2012). Chen et al.
(2011) note that firms increasingly rely on knowledge from external
sources to strengthen and accelerate their internal innovations. Ritala
et al. (2015) suggest that external knowledge-sharing is positively as-
sociated with innovation performance.

From the perspective of the intra-organizational level of analysis, in
addition to senior management's support for employees’ involvement in
the innovation process (Markham and Griffin, 1998; Nonaka and Von
Krogh, 2009), it is important to promote the creation of ideas and the
integration of knowledge that are internal to the firm (Markham and
Griffin, 1998; Rocha, 2010), that is, internal collaboration. Love et al.
(2011) noted the importance of internal collaboration in the innovation
process, especially the multi-functional work in the acquisition and
abstraction of ideas and solutions that are external to the company.

In addition, for the suitable performance of internal collaboration
for innovation, it is important that employees are involved in the in-
novation process to strengthen the focus of organizational culture in
innovation (Büschgens et al., 2013; Hosseini et al., 2017), as well as to
mitigate the impact of the Not Invented Here (NIH) syndrome, which is
recognized by many as one of the main factors preventing the adoption
of the OI approach (Lichtenthaler and Ernst, 2006; Burcharth et al.,
2014).

Given that a significant problem associated with the application of
OI is the disclosure and transfer of important internal knowledge from
companies to external actors (Inauen and Schenker-Wicki, 2015), de-
scribed by Laursen and Salter (2014) as the paradox of openness, sev-
eral studies suggest that collaborative relationships between innovative
companies and various stakeholders can generate various benefits.
These relationships include access to other organizations’ capabilities,
the co-development of ideas, the creation and improvement of new
services, products and processes, the reduction in risks associated with
the development of technologies and decreased R&D costs, among
others (Spithoven et al., 2010; Huizing, 2011).

From these arguments, it is understood that internal collaboration
favors the establishment of external collaborative relationships in in-
cremental and radical innovation environments. Therefore, the fol-
lowing hypotheses are proposed:

H1a. Internal collaboration (IC) has a positive relationship with
external collaboration (EC) in firms focusing on incremental
innovation.

H1b. Internal collaboration (IC) has a positive relationship with
external collaboration (EP) in firms focusing on radical innovation.

2.3. Innovation performance

Despite the existence of many studies that have analyzed the re-
lationship between OI and performance (Laursen and Salter, 2006;
Cheng and Shiu, 2015), works such as those by Huizingh (2011), Ritala
et al. (2015) and Cheng and Shiu (2015) have advocated the need to
increase the number of studies evaluating the relationship between the
adoption of OI practices and company performance. For example,
Laursen and Salter (2006), Stam (2009), Gassmann et al. (2010), Sofka
and Grimpe (2010), Hung and Chou (2013), Cheng and Huizingh

(2014) and Kim et al. (2016) have all verified the relationship between
the adoption of OI practices and operational and innovative perfor-
mance.

Understanding that innovative performance has a wide variety of
indicators, Hagedoom and Cloodt (2003) broadly defined innovative
performance, with focuses on both the technical aspects of innovation
and the introduction of new products into the market. Laursen and
Salter (2006) showed that companies that are more open tend to im-
prove their innovative ability. Previous research (e.g., Sofka and
Grimpe, 2010; Greco et al., 2015) also suggests that collaboration can
increase knowledge-sharing and the creation of new knowledge.

Chen et al. (2011) note that increasing the diversity of external
partners improves a firm's innovative performance, up to an optimal
number of partners; thereafter, openness becomes counterproductive.
In the context of new product development, the study by Knudsen and
Mortensen (2011) observed that increasing openness leads to a longer
time to market and increases the cost of product projects. Parida et al.
(2012) found that the adoption of OI activities can positively influence
the innovative performance of high-tech small and medium-sized firms.
Hung and Chou (2013) noted that the acquisition and use of technol-
ogies from outside renews and broadens firms’ knowledge and perfor-
mance. Breunig et al. (2014) found evidence that higher levels of in-
novative performance for OI mainly depend on the company's collective
effort in implementing OI. This suggests that no conclusions can be
drawn regarding the relationship between OI and innovative perfor-
mance and that this requires further studies (Cheng and Shiu, 2015).

Given these arguments, we understand that it is relevant to advance
knowledge regarding IC and EC, incremental and radical innovation
collaborations, and innovative performance. In addition, IC and EC are
expected to favor innovative performance. Thus, the following hy-
potheses are proposed:

H2a. Internal collaboration (IC) has a positive relationship with
innovative performance (IP) in firms focusing on incremental
innovation.

H2b. Internal collaboration (IC) has a positive relationship with
innovative performance (IP) in firms focusing on radical innovation.

H3a. External collaboration (EC) has a positive relationship with
innovative performance (IP) in firms focusing on incremental
innovation.

H3b. External collaboration (EC) has a positive relationship with
innovative performance (IP) in firms focusing on radical innovation.

2.4. Government support

Mazucatto (2011) argues that, in order to foster a post-crisis re-
covery, state policies and public investment should be used to unleash
entrepreneurship and innovation in the private sector. Examples of the
high-tech sector in the USA show that the most innovative young
companies received financial support from public investment.
Correspondingly, the state is more likely to invest in physical and
human infrastructure than individuals and business enterprises are, due
to a combination of the required amount of fixed costs and the degree of
uncertainty generated by such investments in innovation (Mazzucato,
2011). Government support for firms can assume different forms, such
as grants, tax incentives, state-sponsored labs or direct investment
through public venture capital.

The literature suggests that government support directly and in-
directly affects firms' innovation by stimulating internal R&D, IC and EC
(Cano-Kollmann et al., 2017; Holl and Rama, 2012; Kang and Park,
2012). Government support for innovation is becoming more diffused
due to innovation policies supporting networks of innovators (Caloffi
et al., 2015). Research conducted with companies operating in Brazil
indicates that the government's stimulus for companies to innovate
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influences their innovation performance (Etzkowitz et al., 2005;
Matias-Pereira and Kruglianskas, 2005; Fabiani and Sbragia, 2014).

However, public funding and government support for innovation is
not the only avenue for promoting innovation (Savage, 2015), a subject
requiring more research. Thus, we have included government support
as a moderating variable based on the judgment that it is probably
moderation that strengthens the relationship between variables. The
testing of moderation effects will be useful for capturing more complex
phenomena and reducing the biases in conclusions. This kind of testing
is needed to avoid the risk of Type I error. The government's support
will strengthen the relationship between variables (IC and EC) and IP.
Therefore, the following hypotheses are proposed:

H4a. The relationship between internal collaboration (IC) and
innovative performance (IP) becomes stronger with government
support in firms focusing on incremental innovation.

H4b. The relationship between internal collaboration (IC) and
innovative performance (IP) becomes stronger with government
support in firms focusing on radical innovation.

H5a. The relationship between external collaboration (EC) and
innovative performance (IP) becomes stronger with government
support in firms focusing on incremental innovation.

H5b. The relationship between external collaboration (EC) and
innovative performance (IP) becomes stronger with government
support in firms focusing on radical innovation.

Fig. 1 shows the models that were tested in this research. Model 1 is
oriented to firms focusing on incremental innovation, while Model 2
embraces a more radical innovation context. Based on the arguments
from the literature reviewed above, it is reasonable to assume that there
are some differences between Model 1 and Model 2.

In addition, firm size can be considered a control variable in in-
novative processes because previous studies show that firm size may
affect innovation performance (e.g., Stam, 2009; Cheng and Huizing,
2014; Ritala et al., 2015). The commonly held assumption is that ‘small
firms’ matter for innovation (Teirlinck and Spithoven, 2013); hence,
they matter for the many different public policies and the support that
targets these companies.

3. Research design

For the purposes of data collection, a pilot study was conducted to
assess validity. A structured questionnaire was drawn up to assess the

intensity of interviewees’ agreement or disagreement with each ques-
tion. To evaluate the questionnaire before it assumed final form, the
research team sent it to three professors whose research was in in-
novation and technology management, two of them working in uni-
versities in Europe, the third in a Brazilian university. In addition, the
questionnaire was sent to a Brazilian executive who works in the field
of industrial automation projects. The following paragraphs explain
how the statements used in this questionnaire were constructed. The
interviewed sample reported no difficulties in completing the ques-
tionnaire.

3.1. Measurements

Following the propositions of Laursen and Salter (2006), Huizing
(2011), and Laursen and Salter (2014), the potential for collaboration
by the following stakeholders during the innovative processes was
measured through suppliers, customers, universities, the competition,
government, research institutes and consultants. Each of these cate-
gories was measured using a 7-point Likert scale ranging from 1 (no
collaboration) to 7 (very intense collaboration). To measure internal
collaboration, this study was based on the following assertions: em-
ployee practices involving participation in the company's innovation
activities (Chesbrough, 2003a; Van de Vrande et al., 2009; Samson and
Gloet, 2015); the use of cross-functional teams with engineering, R&D,
marketing and production representatives, for example, for the in-
tegrated development of innovations (Love and Roper, 2009; Chiaroni
et al., 2011; Nagano et al., 2014); and whether the company has clear
procedures and policies for the participation of its employees in
creating or proposing innovations (Markham and Griffin, 1998;
Lindegaard, 2010; Chiaroni et al., 2011). Each of these items was
measured using a 7-point Likert scale ranging from 1 (totally disagree)
to 7 (totally agree).

According to the Oslo Manual proposal (OECD, 2005) and research
by Nassimbeni (2003), a company's innovative performance can be
reflected in the new products and services it has launched, the in-
novations to processes and services that have been implemented, new
ways to meet market demand and new ways to organize and manage
work. Thus, based on the studies by Krause et al. (2001), Nassimbeni
(2003) and Ritala et al. (2015), innovative performance was measured
in terms of the quantity of developed and launched products and ser-
vices, the number of applications of new technologies and innovation in
the production and service processes, and new ways to organize and
manage the work. Each of these items was measured using a 7-point

Fig. 1. Models tested in this research.

D. Jugend et al. Technovation 74–75 (2018) 54–65

57



Likert scale ranging between 1 (totally disagree) and 7 (totally agree).
Radical innovation activities were measured on a 2-point scale: does the
company have radical innovation activities (yes or no)? Based on the
works of Bessant et al. (2014) and Oslo Manual (OECD, 2005), for the
purposes of the questionnaire, radical innovation was explained as the
creation of something completely new in terms of products, processes,
materials or technologies.

3.1.1. Measurement of control variables
Firm size was measured with respect to four separate categories:

micro-, small-, medium- and large-sized companies. This variable was
included because, according to Josefy et al. (2015), this is one of the
most relevant when planning and conducting managerial research. We
used the Brazilian classification of firm size, which is based on the
number of company employees (Sebrae, 2013). Micro-sized firms have
a maximum of 19 employees, small-sized firms have between 20 and 99
employees, medium-sized firms have between 100 and 499 employees,
and large-sized firms 500 or more employees. Government support for
innovation was selected because of the previous results in this field of
knowledge, which indicated that such support tends to play a positive
role in promoting firms’ innovative performance (Leyden et al., 1989;
Kang and Park, 2012). The variable of government support for in-
novation activities was measured on a 2-point scale: has the company
previously received or is receiving government support for innovation
(yes or no)? All the research constructs were reflective. The list of
studied variables and their respective codes is included in Appendix 1.
The original questionnaire was developed and administered in Portu-
guese, although the appendix includes an English translation.

3.2. Sampling and data collection procedures

To identify the population of the companies to be surveyed, the
databases of the Brazilian Association of Electrical and Electronic
Industry (primarily known by its acronym in Portuguese: ABINEE) and
the American Chamber of Commerce of Brazil (primarily known by its
acronym in Portuguese: AMCHAM) were consulted. These associations
were chosen because they have a large, concentrated number of firms
from different economic sectors in Brazil that are considered techno-
logically dynamic (IBGE, 2013), such as the electronics, industrial au-
tomation, automotive and telecommunications sectors. The survey in-
cluded a cover letter, which discussed the informant's roles as the key
respondent in their respective firms.

To manage the administration of the questionnaires, a website was
created to host the research tool. It was possible to register the popu-
lation of companies using this website and to send the link containing
the questionnaire to each company. One hundred and twenty-four
questionnaires were returned; eight were discarded because their re-
sponse patterns were different from the remainder of the sample or
because they had not been completed. Therefore, 116 questionnaires
were obtained and were considered valid for the purposes of this
survey. This quantity previously met the minimum sample size re-
commended in PLS-SEM in running multigroup analyses (PLS-MGA). To
run PLS-MGA, the number of responses for each subgroup should equal
or comparable to the sample size recommendations for a statistical
power of 80%. In this study, the minimum number of samples for each
group must be equal to or greater than 52 with a significance level of
5% and R-square = 0.25 (see Hair et al., 2017; Matthews, 2017).

The profile of the sample of respondent companies is as follows:
31.03% are micro-companies, 29.31% are small businesses, 27.59% are
medium companies and 12.07% are large companies. Most of the re-
spondents (86.21%) occupy the following positions in their firms: di-
rectors, managers, owners, analysts, engineers and supervisors. Our
final sample was categorized as follows: electronics (34 firms, 29.3%);
industrial automation (28 firms, 15.9%); information technology (14
firms, 12.1%); automotive (8 firms, 6.9%); medical and hospital
equipment (7 firms, 6%); energy, oil and gas (6 firms, 5.2%); and

companies from other sectors, such as chemicals, telecommunications
and agricultural machinery (21 firms, 18.1%). No respondents reported
any difficulty in understanding the meaning of the main research
concepts, such as open innovation and radical innovation.

3.3. Data analysis

To analyze the data, a multigroup approach was adopted through
PLS-MGA. This kind of analysis allows one to test whether pre-defined
data groups have significant differences in their group-specific para-
meter estimates (e.g., outer weights, outer loadings and path coeffi-
cients), in this case of firms focusing on incremental innovation and
radical innovation. Before running the PLS-MGA testing, we must first
create test measurement models. The objective of this process is to
ensure that the items forming the constructs used in the research are
currently valid and reliable. Before running the PLS-MGA, we consider
it to test the measurement invariance of composite models (MICOM)
using a permutation procedure. We test the measurement invariance to
ensure that the specific-group difference of the estimation model does
not affect the results for the latent variables in the whole group
(Henseler et al., 2016; Latan et al., 2017). From the analysis, it can be
concluded that there is no difference variance and average values for
both groups (see Table 5), which means there is no invariance problem
that will affect the outcome. PLS-MGA testing was performed with the
help of the SmartPLS 3 program (Ringle et al., 2015).

The main procedures used in the analysis adopted here were the
following. The first was the partial least squares multigroup analysis
(PLS-MGA), a non-parametric significance test for the difference of
group-specific results that builds on PLS-SEM bootstrapping results. A
result is significant at the 95% bias-corrected and accelerated (BCA)
confidence interval for a certain difference of group-specific path
coefficients. It should be noted, however, that the PLS-MGA method
(Henseler et al., 2009), as implemented in SmartPLS, is an extension of
Henseler's original nonparametric MGA method (as described, for ex-
ample, by Sarstedt et al., 2011). The other procedure used was the
permutation test, a non-parametric significance test for the difference in
group-specific PLS-SEM results that assumes equal variances across
groups.

4. Research results

According to Table 1, composite reliability values of 0.60–0.70 are
acceptable in exploratory research, while in more advanced stages of
research, values of between 0.70 and 0.90 can be regarded as sa-
tisfactory. Furthermore, for the standardization of outer loading, the
value must be greater than 0.70 (although a value of 0.60 remains
acceptable), and AVE values must be at least equal to 0.50 or higher,

Table 1
Final results convergent validity and internal consistency reliability (Full Sample,
n= 116).

Latent variables Items/
Indicators

Outer
loadings

P-Value AVE rho_A

Internal collaboration
(IC)

IC1 0.831 0.000
IC2 0.765 0.000 0.656 0.737
IC3 0.832 0.000

External
collaboration
(EC)

EC1 0.729 0.000
EC2 0.674 0.000
EC3 0.763 0.000 0.516 0.775
EC5 0.716 0.000
EC6 0.707 0.000

Innovative
performance (IP)

IP1 0.758 0.000
IP2 0.903 0.000 0.720 0.833
IP3 0.877 0.000

Note: Items with outer loadings<0.6 have been excluded from the analysis (such as EC4
and EC7).
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which indicates that, on average, the construct explains more than half
of the variance of its indicators (Hair et al., 2017; Latan et al., 2016).
From the results, it can be observed that the constructs IC, EC and IP
have convergent validity and that internal consistency reliability
(rho_A) was very good for the outer reflective models.

The Fornell-Larcker criterion is a first and more conservative ap-
proach to assessing discriminant validity. This criterion compares the
square root of the AVE values with the latent variable correlations.
Specifically, the square root of each construct's AVE should be greater
than its highest correlation with any other construct. Within this
method, the value of the root squared AVE will provide the maximum
shared squared variances (MSV) or the average shared squared var-
iances (ASV). The logic of this method is based on the idea that a
construct shares more variance with its associated indicators than with
any other construct (Latan and Ghozali, 2015; Latan and Noonan,
2017). The results show that the model has good discriminant validity
(Table 2).

In accordance with the values shown in Table 2, we followed
guidelines taken from Nunnally and Bernstein (1994), who distinguish
between four types of correlations, two of which are relevant for dis-
criminant validity assessment. First, the monotrait-heteromethod cor-
relations quantify the relationships between two measurements of the
same construct by means of different methods (i.e., items). Second, the
heterotrait-heteromethod correlations quantify the relationships be-
tween two measurements of different constructs by means of different
methods. In essence, as Nunnally and Bernstein suggest (1994), the
HTMT approach is an estimate of the correlation between the constructs
that parallel the disattenuated construct score correlation. Technically,
the HTMT approach provides two advantages over the disattenuated
construct score correlation: it does not require a factor analysis to ob-
tain factor loadings, and it does not require the calculation of construct
scores. Of the three approaches, HTMT.85 is the most conservative cri-
terion, while HTMT.90 and HTMT.95 indicate that discriminant validity
has been established (Henseler et al., 2015). The results show that the
model has good discriminant validity (HTMT values< .90). The results
of this HTMT are similar to the Fornell-Larcker criterion noted above.

Tables 3, 4 show values for both Sample A (non-radical innovation-

based firms) and Sample B (radical innovation-based firms).
Both models (Sample A, non-radical; Sample B, radical) have a

value of R-square and adjusted R-square that can be considered sa-
tisfactory; the Q predictive validity was also considered sufficient. This
finding means that the predictors in the models are able to explain the
variance in the dependent variable. The resulting effect, the size value
of each predictor, is also very good, with internal collaboration (IC)
variables having the greatest contribution, equal to 0.426 for non-ra-
dical innovation and 0.288 for the radical innovation model. The VIF
value generated for all predictors is < 3.3, which means that there is
no problem collinearity among the independent variables for either
group model. For the goodness of fit model, for the PLS, we can observe
two categories: the standardized root mean squared residual (SRMR)
and the normed fix index (NFI). It is recommended that the SRMR value
be equal to or less than 0.08 (Hu and Bentler, 1998), while the NFI
value must be greater than 0.90 (Hair et al., 2017). From the analysis, it
can be concluded that Model A (non-radical) has a good fit, with an
SRMR value of 0.098 and a relative NFI value of 0.814. Although the
SRMR and NFI values were slightly larger than recommended, the value
remains acceptable. Hair et al. (2017, p. 193) state that, when using
PLS-SEM, it is important to recognize that the term ‘fit’ has different
meanings in the context of CB-SEM and PLS-SEM respectively. Thus, the
threshold is likely to be excessively low for PLS-SEM. This finding is
because the discrepancy between the observed correlations and the
model-implied correlations plays a different role in CB-SEM than in
PLS-SEM. According to Latan and Noonan (2017), an SRMR value
above 0.10 can be insufficient, as Model B (radical) has a poorer fit.

To test whether there is common method bias, the value of the
average full collinearity VIF is assessed. Common method bias, often
called common method variance (CMV), is one of the most important
issues to have been discussed in social science research in the last three
decades. This bias generally results from variants of the same methods
influencing the correlation between variables that were measured by
the same method. This problem is often associated with its own re-
porting techniques (self-reports) on the data collection questionnaire
and potential measurement error. Some researchers suggest controlling
for this bias to avoid inflation (increase) resulting in strong relations
between the constructs (or supporting the theory, an increase in Type I
errors) and deflation (decrease) resulting in a relationship between the
constructs becoming weak (or rejecting the theory, increasing Type II
error). The recommended AFVIF value is< 3.3 (Kock, 2015), in-
dicating no problem with CMV. From the analysis, it can be concluded
that there is no problem with CMV, as the AFVIF value generated for
the non-radical is 1.513, and that for the radical is 1.309.

Hypothesis testing is conducted by using a bootstrapping approach
for 2000 subsamples and using a significance level of 5% one-tails. The
analysis showed that H1a, H2a and H3a are acceptable to the sample
non-radical group, which generated significant value from 95% bias-
corrected and accelerated (BCa)< 0.01, respectively. Similarly, H1b,
H2b and H3b are also acceptable for the sample group for radical in-
novation, which generated a significant value from 95% bias-corrected
and accelerated (BCa)< 0.01, respectively. If viewed from the fit
model, a sample of the non-radical group has a better fit than the non-
radical group sample.

Figs. 2 and 3 show the outer and inner models for Sample A. Figs. 4

Table 2
Correlations and discriminant validity Results (Full sample, N= 116).

Latent
variables

Mean S.D External
collaboration

Innovative
performace

Internal
Collaboration

External
Collaborati-
on (EC)

3.38 1.88 (0.718) 0.548 0.630

Innovative
Performace
(IP)

4.92 1.69 0.479* (0.849) 0.747

Internal
Collaborati-
on (IC)

4.29 1.99 0.488* 0.590* (0.810)

Note: *Correlation is significant at the 0.05 level (2-tailed).
Square roots of average variances extracted (AVEs) shown on diagonal must be higher
than correlations.
Above the diagonal elements are the HTMT values.

Table 3
Structural model results (Sample A: Incremental Innovation).

Latent variables R-Squared Adj. R2 Effect size Q2 VIF AVIF SRMR NFI
(R2) (f2)

Internal Collaboration (IC) – – 0.426 – 1.415 – – –
External Collaboration (EC) 0.260 0.248 0.085 0.248 1.484 – – –
Innovative Performance (IP) .508 0.474 – 0.476 – 1.513 0.098 0.814
Governmental Support (GS) – – 0.000 – 1.192 – – –
Size – – 0.005 – 1.050 – – –
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and 5 show the outer and inner models for Sample B. Differences be-
tween Samples A and B may be found, mainly in terms of the role of
control variables.

Table 5 presents the results of the tested hypothesis for the re-
lationships among variables, confirming their acceptance.

To determine whether there are differences between the two groups
(non-radical and radical), the researchers ran a multigroup analysis.
The sample was divided into two groups, totaling 63 for the first
sample, while the second sample totaled 53. Multigroup analysis was
conducted using two approaches, non-parametric PLS-MGA and a per-
mutation test. Both approaches were chosen because they do not re-
quire the assumption that such data should be normal and do not re-
quire the group to have the same variance (Matthews, 2017). The
analysis showed that there was no difference between the two groups
viewed from every path coefficient. This finding shows that there is no
difference between samples with non-radical innovation and radical
innovation. Consequently, the entire proposed hypothesis can be con-
sidered accepted for both Sample A and Sample B.

We examine the role of the GS in the relationship between variables
in two samples using the orthogonalizing approach. This approach was
chosen because it produces an accurate estimate, has a high predictive
accuracy and is able to minimize the collinearity problem. The results of
the analysis of interactions are given in Table 6.

Table 6 shows that H4a, H4b, H5a and H5b are fully supported,
where government support (GS) may moderate the effect of the re-
lationship between IC and EC on IP. From the analysis results, the value
of coefficient (β) to the relationship IC x GS → IP obtained for each
group was 0.152 and 0.292 with 95% bias-corrected and accelerated
(BCa)< 0.05. Furthermore, the value of the coefficient (β) on the re-
lationship EC x GS → EMT is 0.158 and 0.310 with 95% bias-corrected
and accelerated (BCa)< 0.05, respectively.

5. Discussion

Based on the research results and the main arguments taken from
the literature, some lines of discussion emerge. Generally, the proposed
research model based on five research hypotheses can be considered
relevant in explaining the reality of both Sample A and Sample B.
Consequently, and regardless of the type of innovation (non-radical or
radical), internal collaboration tends to influence external collaboration
positively, confirming some previous views (Chiaroni et al., 2011; Love
et al., 2011; Salter et al., 2014a). On the other hand, both internal
collaboration and external collaboration positively influence innovative

performance in the Brazilian sample analyzed here. These findings are
in agreement with Laursen and Salter (2006), Huizingh (2011), Greco
et al. (2015) and Ritala et al. (2015). However, unlike the study con-
ducted by Ritala et al. (2015), our research did not investigate the
leaking of knowledge by a firm's employees in external collaboration
efforts.

When considering the specific results for Sample A and Sample B,
some interesting conclusions appear. First, in Sample A, which is fo-
cused on firms with non-radical innovation, IC tends to explain EC more
clearly than in Sample B, which is focused on radical innovation firms.
This finding confirms that, as Cheng and Shiu (2015) suggest, IC tends
to be more relevant as an organizational antecedent than EC in contexts
of incremental innovation, mainly because internal knowledge is ac-
knowledged as a key resource driving innovative efforts in companies
(Forés and Camisón, 2016). In Sample A, IC and EC constructs together
explained IP more powerfully than the data observed in Sample B.

Firm size was considered more relevant in the case of Sample A than
of Sample B. This finding implies that the larger a firm is, the lower its
degree of radical innovativeness and vice versa. This result is in ac-
cordance with Fóres and Camissón's argument (2015) that non-radical
innovation tends to be more sensitive to firm size than radical in-
novation is. This kind of size effect also confirms the key role played by
firm size as an organizational variable that should be considered when
extending managerial theory (Josefy et al., 2015).

In considering the existence of government support for innovation,
our hypotheses are largely supported. The first insight is the importance
of government support for innovation performance. Most interestingly,
the analysis reveals its importance in shaping internal and external
collaboration. Government support and external collaboration are po-
sitively associated with innovative performance, presumably because
this reduces the so-called network failures in innovation activities. This
finding means that it is necessary to allow the right network of internal
and external actors to meet for radical innovation to occur. Another
possible reason is that governments usually support the riskiest re-
search, whether applied or basic, and indeed such support has often
been the source of the most radical, path-breaking types of innovation,
not only creating the conditions for radical innovation, but also fos-
tering internal and external collaboration to allow the commercial de-
velopment to occur.

We found less robust support for innovative performance in gov-
ernment support and internal/external collaboration in the case of
Sample A, and government support and internal collaboration with
Sample B. Government support and internal/external collaboration are

Table 4
Structural model results (Sample B: Radical Innovation).

Latent variables R-Squared Adj. R2 Effect size Q2 VIF AFVIF SRMR NFI
(R2) (f2)

Internal Collaboration (IC) – – 0.288 – 1.325 – – –
External Collaboration (EC) 0.223 0.208 0.121 0.208 1.425 – – –
Innovative Performance (IP) .322 0.266 – 0.271 – 1.309 0.116 0.623
Governmental Support (GS) – – 0.024 – 1.116 – – –
Size – – 0.000 – 1.127 – – –

Table 5
PLS-MGA results (Direct Effect).

Relationships Non-Radical Radical Differ PLS-MGA 95% BCA CI MICOM Equal Variances Decision
Permutation

IC → EC 0.510** 0.473** 0.038 0.388n.s 0.216n.s (−0.399;−0.232)n.s Yes H1 Supported
IC → IP .545** 0.340** 0.205 0.090n.s 0.272n.s (−0.399;−0.661)n.s Yes H2 Supported
EC → IP .250** 0.341** 0.092 0.706n.s 0.279n.s (−0.232;−0.661)n.s Yes H3 Supported

n.s., not significant.
*p < 0.05 (one-tailed test).
**p < 0.01 (one-tailed test).
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positively associated with innovative performance in the case of Sample
A, though to a lower extent than with external collaboration with
Sample B. Does this mean that government support is less important in
shaping internal and external collaboration in Sample A (incremental
innovation)? This result may indicate whether Brazilian firms that re-
ceive government support are likely to pursue radical innovation. This
evidence is in agreement with Leyden et al. (1989)’s study of the po-
sitive role of government in promoting more innovation-related
knowledge among innovative firms. More recently, Kang and Park
(2012) have suggested that government support affects firms’ innova-
tion by stimulating their main R&D activities.

Certain differences and similarities were found when comparing the
constructs of Models A and B, as follows:

• In Sample A, in construct IC, the most relevant item was IC1. This

finding may suggest that a better use of employees’ knowledge can
boost the incremental innovative process, as suggested by Cheng
and Shiu (2015) and Fóres and Camissón (2015). As Reagans and
Zuckerman (2008) argue, the redundant ties lead most organiza-
tions to focus on knowledge exploitation. On the other hand, in
Sample B, IC3 was more relevant, confirming that radical innovation
should embrace a proper organizational architecture, which should
have a set of pro-innovation mechanisms (Salter et al., 2014b).

• In Sample A, construct EC, the most relevant item was EC6, but in
Sample B, it was EC1. This difference can be explained because less
innovative firms do not generally have a proper R&D department or
other laboratories necessary for boosting innovation. In this context,
these firms tend to rely on external R&D structures, suggesting a
triple helix-inspired perspective (Leydesdorff and Etzkowitz, 1998;
Etzkowitz et al., 2005). On the other hand, larger companies tend to

Fig. 2. Outer Model – Sample A (Non-Radical Innovation).

Fig. 3. Inner Model – Sample A (Non-Radical Innovation).
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have their own resources with which to establish a proper R&D
department and other laboratories (Van de Vrande et al., 2009). Of
course, this kind of result should be explored further in future stu-
dies.

• Regarding the IP construct, for both Samples A and B, IP2 assumed
the position of the most relevant item. This finding indicates that
innovation performance is intimately related to the development or
application of new technologies and production processes. It also
highlights the relevance of creating a suitable organizational ar-
chitecture for embracing innovation (Salter et al., 2014b).

The similarities and differences between Samples A and B noted
above show that the level of innovation plasticized by the companies in
this study matters, affecting the power of the relationships between
constructs. The results also highlight the role of GS in promoting in-
novation in firms in emerging economies such as Brazil's.

Further analyses of the EC construct allow the identification of
“competitiors” and “consultants” as aspects with insufficient relevance
to remain within Models A and B. One possible reason for this finding is
the generally weak collaboration among firms and such stakeholders.

Future studies may develop further insights and provide a better un-
derstanding of this phenomenon.

There was also an expectation that companies conducting radical
innovation activities would be those with greater innovative perfor-
mance, but this expectation was not confirmed, suggesting that radical
innovation strategy may be riskier over the short term. This result is
consistent with observations made by Shane and Ulrich (2004) and
Hauser et al. (2006) that companies that are more ambitious in terms of

Fig. 4. Outer Model – Sample B (With Radical Innovation).

Fig. 5. Inner Model – Sample B (With Radical Innovation).

Table 6
Relationships between variables (Interaction Effect).

Structural path Coef (β) S.D 95% BCa CI Conclusion

IC x GS → IP (Incremental) 0.152 0.096 (0.307, 0.019)* H4a Supported
EC x GS → IP
(Incremental)

0.158 0.104 (0.340, 0.022)* H5a Supported

IC x GS → IP (Radical) 0.292 0.130 (0.124, 0.012)* H4b Supported
EC x GS → IP (Radical) 0.310 0.115 (0.499, 0.003)** H5b Supported

Note: **, * statistically significant at the 1 percent and 5 percent levels, respectively.

D. Jugend et al. Technovation 74–75 (2018) 54–65

62



innovation were often disappointed in terms of sales and total return
rates.

5.1. Theoretical implications

It is widely understood that radical and incremental innovation ef-
forts require different management practices, capabilities and organi-
zational components (Bessant et al., 2010). As a result, there are many
gaps in the literature concerning OI and its impact on incremental and
radical innovation performance (Cheng and Shiu, 2015; Greco et al.,
2015). Firms that introduce radical innovations rely more on external
linkages, while those that have incremental innovations rely more on
internal linkages. Specifically, one lesser known aspect is related to the
boundaries of collaboration and their influence on radical and incre-
mental innovation. To date, no studies have approached the under-
standing of government support and its moderating role in the re-
lationship between organizational boundary collaboration and
innovation performance. In this manner, our study takes the opportu-
nity to fill this gap in knowledge and to open up possibilities for further
investigative studies. We offer several contributions to the scholarship
on OI and their influence on radical and incremental innovation.

The majority of the OI literature has directed its attention toward
understanding the consequences and effective management of OI in the
context of the developed world. Few studies have been published on
this topic in firms operating in developing countries. In contrast, our
study represents a first attempt to fill this gap and to examine empiri-
cally the moderating role that government support plays in the OI ap-
proach, based on original data from firms operating in Brazil.
Additionally, from the methodological point of view, this research
originally tested different models of samples with different levels of
radicalism in innovation.

In so doing, the study addresses a recent development in the OI
literature, where a very small but growing body of investigations seeks
to understand the elusive nature of boundary collaborations and their
influence on radical and incremental innovation. Our results provide
evidence that IC tends to be more relevant as an organizational ante-
cedent than EC in contexts of incremental innovation. They also offer
valuable preliminary insights about the importance of government
support in shaping internal and external collaboration. While govern-
ment support and a network of external actors may benefit radical in-
novation, it may not be conducive to arriving at a shared interpretation.
Future research will need to investigate these effects further.

5.2. Implications for practice

While the claims regarding collaboration effects in innovation are
hardly contentious, it is not clear whether the management of colla-
boration practices associated with incremental innovations is similarly
applicable to radical innovations. The possibility that internal and ex-
ternal collaboration can be shaped to increase desired outcomes in in-
cremental and radical innovation outcomes has neither been articulated
nor examined. Our results indicate that simply focusing on increasing
internal and external collaboration cannot be relied upon to generate
the desired results.

What is more, government support has a strong impact on shaping
both internal and external collaboration, thus creating the conditions
for radical innovation. This indicates that project managers must think
beyond the firm's resources to embrace government support in order to
foster radical innovations. Rather, to improve the performance of ra-
dical and incremental innovation projects, practitioners must also
consider how to overcome internal organizational and cultural barriers
related to innovation and how to coordinate and steer interactions
among internal and external members, who contribute such technical
skills and expertise. To capitalize on OI to create the conditions for
radical innovation, managers should initially foster external colla-
borations to staff a radical innovation project, searching for government

support. Later, as the project progress, team interaction could benefit
from an increasing number of external members.

5.3. Implications for policy

Our findings have important policy implications. They may inform
policy-makers on the different roles that state support can play in
boosting innovation, whether radical or incremental. First, state sup-
port has a clear effect on innovation. Based on our empirical findings,
we expect that better policy strategies can be developed wisely capable
of supporting the diffusion and recombination of existing and diverse
scientific and technological knowledge bases. While our study focuses
on firms that belong to innovative sectors in Brazil, there are clearly
implications for understanding how new industrial policies are likely to
affect the different types of innovation. Our analysis suggests the im-
portance of policy-makers actually establishing a mechanism to en-
courage companies to innovate and that this support is not only fi-
nancial. As the study by Cano-Kollmann et al. (2017) shows, non-
monetary support (e.g., facilitating networking and coordinating col-
laboration) may be more effective in enabling OI and improving in-
dustrial competitiveness. Policy-makers may find interesting the posi-
tive impact of state policies on how firms cooperate and co-create
within an industry, and the importance of financial and non-monetary
support from the state in improving innovative performance among
firms. This may be used to predict better ways of prioritizing invest-
ments to ensure long-term economic growth.

Also, the present research indicates the importance of further sti-
mulating external collaborative efforts between the heterogeneous ac-
tors involved in order to leverage innovative dynamics, ensuring that
different economic actors can recombine their knowledge bases more
effectively. For firms in emerging economies, the existence of policies
that support the diffusion of knowledge is fundamental in maintaining
radical innovation. These policies are more likely to reduce the possi-
bility of the ‘rentiership’ of innovation, in which the creation of value is
dependent on secret knowledge, thus limiting the possibilities to OI.

6. Conclusion

The main objective of the research described here was to test five
research hypotheses regarding the relationships between OI, innovative
performance, the role of government support and firms’ size in this
process. All the suggested hypotheses were indeed confirmed, showing
that IC influences EC and that they are both related to a superior IP.
This research also provided fresh knowledge about these relationships
in two different contexts, one more oriented to non-radical innovation,
the other oriented to firms pursuing radical innovation. We believe that
the main research contributions emerge from this particular compar-
ison, where there are some interesting findings. For example, it was
discovered that government support plays a key role in boosting firms
pursuing radical innovation.

Highlighting certain research limitations, we recognize that there is
a clear sample limitation, as the research was based on Brazilian firms
alone. Another limitation is that data were collected directly from each
firm's respondents, carrying with it a risk of bias. The choice of certain
constructs also represents a limitation of the article. Future studies
could include other control variables related to firm characteristics
(e.g., internal R&D activities that may also contribute to the success of
innovation projects). In addition, future OI research could use other
variables to investigate innovative performance (e.g., the share of
turnover from radical or incremental innovations). Future studies could
deepen further the analysis of relationships between government sup-
port, OI and innovative performance.

Finally, some findings emerged for which we were not able to
provide a comprehensive explanation. For example, companies with
radical innovation activities were expected to show better indicators in
terms of innovative performance; this was not verified. These results
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warrant further and deeper study using a case-study perspective that
might explain why this effect occurs. Furthermore, we believe that
construct items, such as EC4 and EC7, deserve further research efforts

to provide a clearer picture of the role they play in the innovative
performance of firms.

Appendix 1. - Studied variables

Construct Code Items

EC EC1 Suppliers
EC2 Customers
EC3 Universities
EC4 Competitors
EC5 Government
EC6 Research institutes
EC7 Consultants

IC IC1 The employees at my company usually have opinions about improving products, processes, services, or sales and
distribution.

IC2 Cross-functional teams have been formed with representatives from engineering, R&D, marketing, and production, for
example, for the integrated development of innovations.

IC3 My company has clear procedures and policies for the participation of my employees in creating or proposing innovations.
IP IP 1 The company has developed a higher number and variety of products and/or services.

IP2 The company has developed and/or applied new technologies in production and/or services.
IP 3 The company has developed and/or applied new ways to organize and manage work.

Control
variables

C1 What is the company's size?
C2 Has the company already received or is it currently receiving government support for innovation?
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