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Abstract: Most studies on innovation are aimed at covering technological innovation,
neglecting other modes of innovation based on non-technological drivers. The latter,
referred to as management innovation, consists of the implementation of new
management practices, processes or organizational tasks. This work advances
knowledge on the topic by exploring the joint effect of simultaneously introducing
technological and management innovations on performance. Based on an analysis of
12,563 Spanish firms drawn from CIS data, our findings suggest that firms frequently
pursue the simultaneous or joint introduction of both technological and management
innovations and that integration impacts positively on a firm’s performance, evidencing
an inverted U-shape that suggest positive but diminishing returns. A theoretical
framework using the capability-based view embraces the emerging conversation on
management innovation issues and its relationship with the well-researched
technological one.

Key words: management innovation, technological innovation, capability-based view,
dynamic capabilities, complementarities, CIS



1. Introduction

Innovation has been primarily conceptualized as a technology-based phenomenon in the
innovation literature (e.g. Cassiman and Veugelers, 2002; Hervas-Oliver et al., 2011).
However, despite the persistent interest in that well-studied topic, scholars are in recent
times shifting focus and paying more attention to innovation as a more comprehensive
phenomenon that is not entirely based on technology but also on the introduction of new
management practices or management innovation According to Birkinshaw et al.
(2008), management innovation arises from the implementation of new management
practices, processes, and organizational structures, aimed at furthering organizational
goals. Similarly, following the OECD (2005), management innovation is the
introduction of either organizational or marketing innovations or both. For better
consensus and clarity, the suggestion of Damanpour and Aravind (2011: 35) is followed
and the definitions of administrative, organizational and management innovation are
viewed as broadly similar, although the distinctive nuances are relevant!. This study
refers to that phenomenon following OCED definition.

As Damanpour (2014: 1279) has stated “....management innovation is an untapped
source of competitive advantage and organizational effectiveness without which the
long-term contribution of technological innovations cannot be fully realized”.
Empirical evidence, however, about the introduction of management innovation is
scarce. According to Damanpour (2014: 1265-66), Crossan and Apaydin (2010)
reported that a review of a sample of 524 articles published in ten leading business and

economic journals from 1981 to 2008 found that 50% of the articles clearly identified

! In this article we used all of them interchangeably. See more about concepts and definitions in Hervas-Oliver and
Sempere-Ripoll (2015).



innovation types and that of these only 3% focused on management innovations. As
such, it is said that scholarly conversation has overlooked the study of management
innovation and, particularly, has not connected it to that of the technological innovation
strand (Hervas-Oliver and Sempere-Ripoll, 2015; Hervas-Oliver et al., 2015; Hervas-
Oliver and Peris, 2014; Damanpour, 2014; Volberda et al., 2013). Thus, this study
contributes to innovation literature by studying the phenomenon of management
innovation and its relationship with that of technological innovation. In this chain of
thought, a first objective arises in our study. Given the fact that companies undertake
different modes of innovation, technological and management innovation, an interesting
question is posited in this study: are firms frequently and simultaneously undertaking
both modes of innovation? This being the case, if firms simultaneously undertake both
innovations, what are the potential effects? Thus, this study’s second objective and
major goal is based on exploring and disentangling the potential joint effect of
simultaneously introducing technological and management innovation, that is, its
consequences on a firm’s efficiency performance’®. The latter refers to the production-
oriented (operational/efficiency) performance.

The paper analyses the responses of 12,563 firms which participated in the Spanish
Community Innovation Survey (CIS) based on the Oslo Manual (OECD, 2005),
covering the period 2004-2006. As Damanpour (2014) has stated, CIS data in European
Union countries constitutes the only systemic data collection effort for management
innovation. CIS data is very suitable for our purpose, as explained in the Empirical
Section, and it has also been extensively used in recent studies (see Mol and
Birkinshaw, 2009). The paper is organized as follows. In section 2 we carry out a

review of existing theory on capabilities in order to develop our theoretical framework.

2 We assume a synchronous pattern of technological and management innovation adoption, following the
recommendation by Damanpour (2014: 1278-1279), rather than an antecedent (from one on another) approach, as
Mol and Birkinshaw (2009) posits.



Section 3 presents our empirical design. Then, in the fourth section results are presented
and discussed. Finally, section 5 concludes the analysis and summarizes the theoretical

contributions and implications.

2. Literature review and hypothesis development

Our framework positions itself on a simultaneous or synchronized approach following
previous literature (e.g. Hervas-Oliver et al., 2015; Hervas-Oliver and Sempere-Ripoll,
2015; Damanpour, 2014), rather than assuming that one type of innovation leads to
another, as Mol and Birkinshaw (2012; 2009) posit. Different theoretical perspectives
support and explain that potential joint effect on performance. Milgrom and Roberts
(1995: 81) proposed the idea of “complements” in the sense of a relationship among
groups of activities, stating that “...if the levels of any subset of activities are increased,
then the marginal return to increases in any or all of the remaining activities rises”.
Activities that are mutually complementary need to be adopted together. If not, then a
lack of coordination or integration might diminish returns. In all, and with the aim of
following a more strategy based theory, we formulate our hypothesis by using a
capability-based perspective. Resembling that view of complementarities, in the
strategic management literature, and particularly in the RBV approach,
complementarities and their key influence on a firm’s innovation capabilities are also
recognized (e.g. Stieglitz & Heine, 2007). According to the resource-based view (RBV,
e.g. Barney, 1991), the joint introduction of technological and management innovation
and their respective capabilities underpinning each one, will form synergistic and
complex interrelationships difficult to imitate, contributing thus to improving a firm’s
competitive advantage: this complex integration of technological and managerial

capabilities may prevent imitation due to the complementarity and ambiguity of the



systems produced, in which the number of elements, and their interactions, produce an
inimitable system that improve one another (e.g. Rivkin, 2000).

Besides, dynamic capabilities are said to “integrate, build and reconfigure internal and
external competencies” (Teece et al., 1997:516). In this chain of thought, dynamic
capabilities are understood as routines by which firms integrate and reconfigure
resources (e.g. Teece et al., 1997). Hence, in our context, dynamic capabilities are the
set of routines and processes underpinning the integration of the distinct technological
and management innovation capabilities, achieving new reconfigurations and
integrations of distinct capabilities that can increase the returns from innovation,
creating the construction of a consistent system of interrelated activities and capabilities
which mutually reinforce one another (Porter, 1996), albeit there exist more individual
and firm-level factors influencing innovation (see Ardito et al., 2015). Thus, our first
testable hypothesis is stated as follows:

Hypothesis 1. The joint introduction of new technological and management innovations
impacts positively on a firm’s performance.

Similarly to Ardito et al., (2016a), we posit that the benefits of that integration at some
point diminish, limiting the potential benefits from that joint undertaking. The obvious
reason is based on the fact that decision-makers cannot concentrate their attention on a
large number of issues; rather, more realistically they just concentrate on a limited
number of issues in order to achieve sound performance (Simon, 1947; Ocasio, 1997;
Laursen and Salter, 2006). Our argument is similar to the above idea exposed by
Laursen and Salter (2006) referring to absorptive capacity. We reinforce it by stating
that the simultaneous integration of multiple knowledge areas that involve many issues

does require new routines and an extra of allocation of resources and thus brings



managerial constrains (Capaldo and Messeni-Petruzzelli, 2011; Messeni-Petruzzelli et
al, 2015) that limit the potential benefits from integration. Therefore we expect that:
Hypothesis 2. The joint introduction of new technological and management innovations

has a curvilinear (inverted U-shape) effect on a firm’s performance.

3. Empirical design

The method and the types of questions in CIS are described in the Oslo Manual (Oslo
manual: OECD, 2005). CIS data have been used in more than 100 recent academic
articles (e.g. Cassiman and Veugelers, 2002; Leoncini, 2016). Regarding our research,
CIS data set is capable of offering a large-scale survey across many industries, allowing
full comparison and generalization of results, rather than just restricting the study to a
single industry. CIS data set also provides the necessary variables to test the main
variables (technology and management) in our study. As Damanpour has stated, CIS
data is the best effort to measure management innovation and its potential relationship

with technology.

Our final sample covers 12,824 firms. The variables are shown in table 1: including
dependent (innovative performance measures), independent (technology and
management) and control variables (size, external sources of knowledge, etc.),
following a capability-based framework of internal and external sources of knowledge.

In short, our first approach, to test the first objective, consists of exploring whether or
not there exists a simultaneous relationship between technological (TECH) and
management innovation (MANAGEMENT). Specifically, we test whether one type of
innovation is correlated with the other one and thus simultaneously undertaken.

Following Ardito et al., (2016a) we use a Tobit method for this purpose. Other papers



addressing a similar phenomenon and using CIS data have used other methods (such as
logit and probit; see Sanchez-Gonzalez et al., 2009; Rammer et al., 2009; Mol and
Birkinshaw, 2009; Leiponen and Helfat, 2010 ; Klingebiel and Rammer, 2013; among
others). Subsequently, we also construct an additional robustness test using an ordered
logit method. See variables in table 1. Eventually, the work also uses the industry
classification as a control using 58 2-digit NACE-93 industry dummies, ranging from

the 14 to 74 codes (59 industries or dummies). See table 1 describing variables.

Insert table 1 here

As regards control variables, the paper conducts an aggregation of internal and external

sources (search) using Principal Component Analysis (PCA), as showed in Table 1. See

tables 2 for descriptive statistics and correlations.

Insert table 2 here

4. Results

Insert table 3 here

As observed from table 3, the majority of firms in the sample (10,929 representing

87%) introduce technical innovations, and for this reason that innovation mode is



always the most studied one (significant at p<0.01). This being the case, 43.75% of
technical innovators do not choose to introduce management innovations, while 56.24%
do. This result, at p<0.01, indicates that management innovations are less undertaken by
firms and, when this is the case, we observe that the majority of firms introducing
management innovations (6,148, 91.61% of the management innovators) are also
introducing technological innovations. Overall, and according to table 3, it is confirmed
that when firms introduce management innovation they do it simultaneously with
technological innovation. Similarly, albeit less significantly, there is also evidence
pointing out that most technological innovators (6,148 versus 4,782) also choose to
introduce management innovations. The latter is also consistent with the fact that solely
technological innovation is also observed but less frequently than the former. Overall,
the crosstab shown in Table is statistically significant at p<0.01

Complementing the latter, table 4 presents the results using indistinctively technological

and management variables as independents and dependents ones. See table 4.

Insert table 4 here

In table 4, the first objective is tested. The coefficients indicate that introducing one
innovation mode (TECH or MANAGEMENT variables) influences the other, showing
positive coefficients that are significant at p<0.01 in both cases. Overall, in the model it
is shown that firms mostly introduce simultaneously both types of innovation,
reporting the same results: the introduction of technological innovations is positively
related to the introduction of management innovations and vice-versa, answering the

first objective. In table 4, it is also shown that the influence of variables from the



general innovation literature (see Ardito et al., 2015 for a comprehensive review and
Datta et al., 2015) are said to be relevant for this simultaneous introduction or joint
integration (size, internal sources and external sources, both industrial and science, etc.),
showing in all variables a positive relationship with the probability of introducing
innovations, all of which are statistically significant at p<0.01. One finding is that the
Size variable is positive and significant, confirming thereby a body of literature which
has emphasized size as an important driver of technical innovation (Cohen &
Damanpour, 2010; Nord & Tucker, 1987; Reichstein & Salter, 2006), as well as
management innovation. Finally, it is clear that industry differences matter when it

comes to explaining the introduction of both types of innovation. See table 4.

We emphasize that our results do not provide evidence of a sequential cause-and-effect
phenomenon whereby technological innovation is positively related to management
innovation adoption. Rather, our paper provides evidence that the relationship between
organizational subsystems is a correlative relationship representing a “coupling of
dissimilarities”, whereby each change in a subsystem requires alterations in the other

subsystems.

Then, we test first hypothesis by running a Tobit model, regressing the joint effect
(based on an interaction between both innovations, TECH x MANAGEMENT) on
performance. See table 5. The dependent variable, measuring returns from innovation, is
composed of one single indicator (efficiency performance) obtained from three
variables capturing improvement of flexibility, capacity and reduction of costs in
production, as indicated in table 1. We have proceeded as follows, following Laursen

and Salter (2006) way. Each performance variable (flexibility, capacity and cost



reduction) is measured as a categorical variable ranging from 0 (non-existing) to 3
(high), 2 medium and 1 low. We have aggregated those three into a single indicator, by
summing each performance measure when mark as medium or high (value 1 for each of
them; maximum value 3 and minimum 0) and then dividing it into the total number of
performance measures included (final variable takes values between 0 and 1). This
method building a dependent variable suggests the use of a Tobit model, as in Ardito et

al., (2016a).

Insert table 5 here

As observed from table 5, results indicate that the introduction of technology innovation
(TECH) is positively related to efficiency performance (1.56 at p<0.01) and the same
result is obtained for the introduction of management innovation (MANAGEMENT,
0.021, significant at p<0.1). In addition, the joint effect, depicted in the interaction
effect (TECH x MANAGEMENT) is positively related to the three innovative
performance measures (0.052 at p<0.01). Besides, the rest of the variables, as above
mentioned, such as Size and Internal and external sources are all positive and significant
at p<0.01, except for science sources (Science sources variable). Industry is also
significant. The important conclusion from table 5 is the confirmation of the first
hypothesis, confirming that the joint effect is positively related to performance. Put
differently, the integration of technological and management innovation exerts
increasing returns from innovation and, therefore, that joint introduction pays off. See

table 5.



Subsequently, as a robustness test, we also test first hypothesis by running an ordered
logit, regressing the joint effect (based on an interaction between both innovations,
TECH x MANAGEMENT) on each individual indicator measuring performance, as
depicted at table 1. Overall, results in table 6 (using an ordered logit and corrections for

graphic representation) confirm those obtained from the Tobit model. See table 6.

Insert table 6 here

As observed from table 6, results indicate that the introduction of technology innovation
(TECH) is positively related to efficiency performance, and the same result is obtained
for the introduction of management innovation. In addition, the joint effect, depicted in
the interaction effect (TECH x MANAGEMENT) is positively related to the three
individual efficiency performance measures, corroborating those results from table 5.
Besides, the rest of the variables, as above mentioned, such as Size, external sources
(Industrial and Science) are all positive and significant at p<0.01. Industry is also
significant. Overall, and confirming previous results, the integration of technological
and management innovation exerts increasing returns from innovation and, therefore,
that joint introduction pays off>. See table 6.

We also conducted graphic representations of the interaction obtained in table 6, in

order to test second hypothesis. As observed in the six figures (Figure 1ab, 2ab and 3ab,

3 Dependent variables, in each case measuring different returns from innovation, are addressing a different efficiency performance
such as improvement of flexibility, capacity and reduction of costs in production, as indicated in table 1. As Wooldrige (2012)
explains, in table 6 we must interpret specifications 4 and 6 that both show interaction effects with extreme care. If we simply look
at the coefficient on MANAGEMENT (model 4, 0.0482 non-significant and model 6, -0.0283 non-significant), we will incorrectly
conclude that management innovation, when interaction is applied, has no effect at all (model 4) or even a negative effect (model 6,
albeit non-significant) on a firm’s innovative performance. But this coefficient supposedly measures the effect when TECH is 0,
which is not interesting in this case. See more at Wooldridge, (2012), specifically examples in 199-200 pages®. Thus, first
hypothesis is confirmed.



capturing each individual performance variable) we confirmed our conjecture that the
joint effect presents a curvilinear (inverted U-shape) on performance. Following Ai and
Norton (2003), the nonlinear nature of the logit model means that the marginal effect on
an interaction effect is not simply the coefficient (and associated odds ratio) of their
interaction. For this reason, corrections are presented graphically in all figures (from 1
to 3) in order to interpret results (following the above mentioned Ai and Norton, 2003).
For the sake of brevity we focus on the graphic correction effects of the interactions for
interpreting the curvilinear effect. Figure la (from table 6, referring to flexibility
performance) shows the size effect of the interaction. Then, Figure 1b (from table 6,
referring to flexibility performance) shows the statistical significance of that size effect.
The same interaction effects are shown in figure 2a and 3a and their respective
statistical significance at 2b and 3b, referring to capacity and lower cost, respectively.
Overall, interactions (integration of technology and management) exert a positive effect
on each individual indicator of a firm’s performance. The second hypothesis is

confirmed. See Figure lab, 2ab and 3ab.

Insert figures 1ab, 2ab, and 3ab here

Figure la shows a curvilinear (inverted U-shaped) effect (interaction on performance-
flexibility), by which returns are diminishing once firms achieve a certain point (from
0.6 on) reflecting positive but diminishing returns from integration: the strongest
interaction effect on performance occurs at the lower end of medium predicted levels of
probability of being innovative (approximately up to 0.6), whereas the effect starts to

decline, albeit being positive, for higher levels of predicted probability of innovation.



The other figures (2a and 3a) tell the same story on referring to both capacity and lower
costs performance, respectively. Figures 1b, 2b, 3b all prove statistical significance.

Thus, second hypothesis is confirmed.

5. Conclusions

This work advances knowledge on the topic of management innovation by exploring the
interrelationship between technological and management innovation. Connecting both
technologically-based and management-based innovation literatures facilitates the
development of a broader and more comprehensive framework from which to address
innovation phenomena. In doing so, this study examines the interdependence of
technological and management innovations and their joint integration and potential
influence on a firm’s efficiency performance. Hence, this study’s results shed light on
and respond to the open calls on the topic (cf. Damanpour, 2014: 1279; Volberda et al.,
2013) that demanded more efforts on that less-researched joint integration and its
potential effects. Both hypothesis are confirmed: benefits from integration, however, are
positive but diminish at some point, due to the related managerial constrains that arise
when managers integrate multiple knowledge areas and simultaneously allocate

resources to many issues.

5.1 Theoretical implications



Overall, the integration of technological and management innovation exerts increasing
returns from innovation and, therefore, that joint introduction pays off. Managerial
limitations and their related managerial constrains, due to the excessive simultaneous
allocation of resources in many issues and the efforts for the integration of multiple
knowledge areas, are also evidenced on the diminishing returns reflected in the results,
suggesting that the integration and its benefits decrease at some point. Thus, our results
confirm previous studies that suggest a curvilinear effect on performance (e.g. Ardito et
al., 2016a; Capaldo and Messeni-Petruzzelli, 2011; Messeni-Petruzzelli et al, 2015;
Laursen and Salter, 2006; Koput, 1997, among many others), albeit our results are
unique regarding management innovation.

Similarly, our results shed light on the joint effect and its potential influence on
performance, corroborating other different yet related studies that have studied the
integration of different innovation modes (e.g. Battisti and Iona 2009; Mol and
Birkinshaw 2009) and the effects that the integration of differing innovation capabilities
exert on performance, contributing to both technology (e.g. Fagerberg, Mowery, &
Nightingale, 2012; Evangelista & Vezzani, 2010) and management innovation (e.g.
Damanpour, 2014; Hollen et al., 2013) literatures simultaneously, integrating those
usually disconnected technological and management innovation strands, bridging the

different literatures.

5.2 Managerial and policy implications

By demonstrating that the joint integration of technological and management

innovations pays off, we encourage managers to go for it. The implication for managers

running firms is that it is important that they be made aware of the benefits of that



integration by the joint adoption of a more comprehensive view of the innovation: not
only technological efforts but also a commitment to management innovations. The aim
should be to promote an organizational context which fosters innovation in a broad
sense: developing innovations that couple technology and organization together and
thus integrating technology into organization and thus facilitating the building of
stronger and more complex of innovation capabilities. Overall, our results help
managers by showing the necessary support that organizational innovation constitutes
as a complement to the implementation of new technology, thereby enhancing the
performance effects. Managers’ efforts, however, should be limited to certain
knowledge areas, avoiding an excessive collocation of managerial attention in many
issues, that is, encouraging them to concentrate their effort on a limited number of
issues related to that integration.

Similarly, the paper’s contribution for policymakers is that the findings imply that
policymaking efforts to foster innovation should: (i) recognize the importance of
integration and; (ii) facilitate access to both technological and managerial innovation
activities, rather than just concentrating on pure technological efforts when planning

industrial policy.

5.3 Limitations, future research directions, and conclusion

Finally, it should be pointed out that this paper has limitations. A notable one is that the
nature of the CIS data means it is not possible to test for causality because of the lack of
proper panels conducive to a longitudinal study. Furthermore, it is important to mention
that results are also limited by the data set, which is sourced in a low-tech follower-

technology country such as Spain. This fact may influence results. As for future



research, in order to fill in the gaps in our knowledge of the adoption of management

innovation, more countries using CIS data need to be researched.
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