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a b s t r a c t

This study aims to shed light on how dynamic capabilities, i.e. sensing, seizing and reconfiguring, and
their underlying organizational routines have an effect on innovation towards a greater degree of sus-
tainability. Cross-sectional data from the Community Innovation Survey of German companies is used to
test hypotheses with regard to this effect. Results from PLS-SEM analyses show that sensing, seizing, and
reconfiguring capabilities all have a significant direct effect on innovation towards sustainability, with
sensing activities playing the most prominent role. It is also found that reconfiguring capabilities posi-
tively influence sensing as well as seizing capabilities, and that sensing and seizing capabilities partially
mediate the relationship between reconfiguring capabilities and companies' sustainable innovation. This
research extends the current literature by investigating how companies could build-up and shape their
dynamic capabilities and organizational routines for sustainable innovation. To practice, it offers guid-
ance concerning appropriate and important dynamic capabilities and organizational routines for inno-
vating towards sustainability.

© 2018 Elsevier Ltd. All rights reserved.
1. Introduction

The dynamic capabilities approach can be seen as a promising
approach to develop a further understanding of innovation man-
agement for sustainability (e.g., Amui et al., 2017; Darmani et al.,
2017; Hofmann et al., 2012; Iles and Martin, 2013). For innovating
towards sustainability, it is commonly argued that companies need
to incorporate ecological and social concerns alongside economic
ones (Hall and Vredenburg, 2003). This adds complexity to com-
panies' innovation strategies (Hall and Vredenburg, 2003), which
affects various organizational aspects, varying from the companies'
product's design and marketing practices (Sargut and McGrath,
2011), to a changing uncertainty and variety of the technological-
and market domain the companies compete in (Cainelli et al.,
2015). This poses a challenge for companies' innovation strate-
gies; in particular their dynamic capabilities to adapt and anticipate
the new complexities (Dangelico et al., 2013; Nidumolu et al.,
usavi), b.a.g.bossink@vu.nl
2009). Capabilities can be defined as “a firm's capacity to deploy
resources usually in combination, using organizational processes,
to effect a desired end” (Amit and Schoemaker, 1993: 35). Dynamic
capabilities refer to the capabilities of a company to integrate, build,
and reconfigure internal and external resources/competencies to
innovate in rapidly changing environments (Teece, 2007; Teece
et al., 1997). Winter (2003) argues that dynamic capabilities are
an aggregation of routines. Dynamic capabilities can also be seen as
the organizational routines by which firms achieve new resource
configurations (Eisenhardt and Martin, 2000). Companies' dynamic
capabilities determine their ability and willingness to implement
changes into their processes to contribute to transitions toward a
more sustainable industry (Darmani et al., 2017; Lieberherr and
Truffer, 2014). Iles and Martin (2013) also contend that companies
are most able to bring new technologies and products for sustain-
ability to market effectively when they develop and mobilize their
dynamic capabilities around sustainability concerns. Accordingly,
the dynamic capabilities approach has an explicit focus on how
companies perform innovation activities and reconfigure their
organizational and managerial processes and routines in pursuit of
evolutionary fitness (Helfat and Peteraf, 2009). This implies that
dynamic capabilities can play a key role as a theoretical foundation
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for understanding how a firm innovates towards sustainability. Yet,
Amui et al. (2017) conclude that more research is still needed to
gain a deeper insight into how dynamic capabilities affect sus-
tainable innovation. They argue that future studies should seek to
identify what kind of dynamic capabilities can be developed to
more effectively overcome the emerging sustainability challenges.
In line with Amit and Schoemaker (1993) and Winter (2003),
Eisenhardt and Martin (2000) argue that dynamic capabilities
occur in companies in the form of various organizational routines.
This paper aims to find these dynamic capabilities and underlying
organizational routines. We argue that companies need certain
dynamic capabilities and organizational routines to deal with the
increased complexity of managing innovation for sustainability.
Rooted in the dynamic capability-based view of the firm, it is hy-
pothesized that companies capable of realizing such sustainable
innovation will have developed certain organizational routines.
This study aims to explain theoretically and to investigate
empirically:

What are the dynamic capabilities and underlying organizational
routines through which companies can effectuate resources and
competencies for innovating towards sustainability?

Using cross-sectional data from the Community Innovation
Survey of Germany, the dynamic capabilities approach helps to
extend the current literature on managing innovation for sustain-
ability both theoretically and empirically. Particularly, this study
provides recommendations on how companies can increase the
degree of sustainability within their innovation activities. This
study also contributes to the literature on sustainable innovations
from a methodological standpoint. Previous findings in the litera-
ture have been derived mainly on the basis of manufacturing
companies' samples (e.g., De Marchi, 2012; Ketata et al., 2015). We
provide empirical evidence based on large-scale survey data from
both manufacturing and service firms. Previous studies have
investigated just some of the organizational routines separately
(e.g., De Marchi, 2012; Ketata et al., 2015). In this study, a large
number of organizational routines for innovating towards a greater
degree of sustainability are studied in combination simultaneously.

The remainder of this paper is organized as follows. The next
section 2 theorizes about the dynamic capabilities approach and
develops hypotheses. The way these hypotheses are tested with
data from the German Community Innovation Survey is explained
in section 3. Section 4 presents the results of hypotheses testing and
central empirical findings, which are further analyzed and dis-
cussed in section 5.

2. Conceptual foundation and hypotheses development

2.1. Dynamic capabilities and organizational routines for
innovating towards sustainability

To innovate towards sustainability, companies often need to
shift their focus from competitiveness per se, to competitiveness in
a sustainable way (van Kleef and Roome, 2007). Sustainable inno-
vation may be done in a different way, whether technologically and
organizationally (Carrillo-Hermosilla et al., 2010) and companies
might reconsider their core activities to reconfigure their resources
and competencies in the case of innovations for sustainability
(Dangelico, 2015). These new configuration activities suggest that
there is a link between dynamic capabilities and the propensity of a
company for innovating towards sustainability (Hofmann et al.,
2012). Helfat et al. (2007: 4) define dynamic capabilities as “the
capacity of an organization to purposefully create, extend ormodify
its resource base.”

The dynamic capabilities approach has emerged as an extension
of the resource-based view of the firm to encapsulate the
evolutionary nature of firms' resources and competencies for the
next organizational phase of development or for new challenges
they face (Teece et al., 1997). Dynamic capabilities facilitate not only
the ability of an organization to recognize a potential technological
shift but also its ability to adapt to change through innovation (Hill
and Rothaermel, 2003). Teece (2007) has categorized dynamic ca-
pabilities into three coherent clusters of capabilities; i.e., sensing,
seizing, and reconfiguring. Sensing refers to the identification and
assessment of an opportunity for sustainability. Seizing involves
the mobilization of internal and external resources/competencies
to address an opportunity and capture value from it. Reconfiguring
refers to continued renewal and orchestration of resources to keep
the resource base of the company in line with the shifts in the
business environment. Underlying these dynamic capabilities are
organizational routines as the ‘microfoundations’ of capabilities
that include the distinct skills, processes, procedures, organiza-
tional structures, decision rules, and disciplines (e.g., Parmigiani
and Howard-Grenville, 2011; Teece, 2007). In other words, dy-
namic capabilities are based on collections of organizational rou-
tines and need to be understood as multidimensional constructs
(Winter 2003), reflected by a set of specific organizational routines
that represent their dimensions. Organizational routines are
different ways through which companies can deploy sensing,
seizing and reconfiguring capabilities. According to Schilke (2014:
368), “a distinction can be made between first-order dynamic ca-
pabilities (routines that reconfigure the organizational resource
base) and second-order dynamic capabilities (routines that recon-
figure first-order dynamic capabilities).” In our study, we consider
dynamic capabilities as first-order dynamic capabilities. Intro-
ducing this distinction enhances the theoretical precision of our
study by specifying what the organizational routines are.

Albort-Morant et al. (2016) substantiate that dynamic capabil-
ities influence sustainable innovation performance by reconfigur-
ing relationship-learning activities. Relationship-learning consists
of on-going joint activities between an organization and its cus-
tomers, aimed at sharing information, making sense of information,
and integrating acquired information to improve the success of the
relationship. In a similar study, Pace (2016) argues that the envi-
ronmental innovation adoption process occurs through a number
of different stages in which companies are required to deploy a
portfolio of dynamic capabilities. In the initiation stage of adoption,
companies need to identify the problem and gather information
and knowledge to make a decision about adopting energy efficient
technology. This could entail dynamic capabilities to recognize the
requirements for a technology and explore technological options;
i.e., sensing. Then, companies need activities in the implementation
stage that facilitate putting technology into use. The implementa-
tion stage requires dynamic capabilities to select the most appro-
priate technology option and make the technology operational
through a process of learning; i.e., seizing. In the implementation
stage, companies may also reinvent or modify the technology ac-
cording to the adopter's needs; i.e. reconfiguring. However, none of
the above studies has investigated which of the three identified
dynamic capabilities and their underlying organizational routines
have the most pronounced effect on innovation towards a greater
degree of sustainability. This study adopts the threefold classifica-
tion of dynamic capabilities proposed by Teece (2007) to concep-
tualize and argue that firms with greater dynamic capabilities are
prone to innovate more towards a greater degree of sustainability.
Accordingly, we propose an organizational routines-basedmodel of
firms' dynamic capabilities for innovating towards sustainability.
We attempt to investigate what dynamic capabilities and under-
lying organizational routines are more effective to innovate to-
wards a greater degree of sustainability. We build a theoretical
framework to address this challenge. Drawing on the dynamic
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capabilities approach, we elaborate each of the three core dynamic
capabilities, their underlying organizational routines, and derive
hypotheses from this. Fig. 1 shows our research model's hypothesis
framework (i.e., structural model).
2.1.1. Sensing
Sensing involves organizational routines that aim at gaining

knowledge about customer needs, competitors, exploring techno-
logical opportunities, probing markets, listening to suppliers, and
scanning and exploring other elements of the business ecosystem
(Teece, 2007). The literature argues that for innovating towards
sustainability, external sources of knowledge and information are
very important (e.g., Bocken et al., 2014; Horbach et al., 2013). In a
similar vein, Segarra-Ona et al. (2016) and Pinkse and Dommisse
(2009) indicate that companies which actively gather information
from external sources are more likely to innovate for sustainability;
and Vickers (1999) contends that cleaner production and technol-
ogy as a response to environmental pressures should be receptive
to a broader than usual set of information from a variety of sources
including the government, suppliers, and the market. Companies
need to develop knowledge links with a wide range of external
parties to identify innovative and profitable solutions to environ-
mental problems. Porter and van der Linde (1995) as well as Llerena
(1999) argue that failure in identifying profitable innovation op-
portunities is one of the organizational barriers in innovating to-
wards sustainability. They show that the existence of processes and
procedures, such as Environmental Management System (EMS)
implementation, can help firms to identify their environmental
impact and to alleviate this failure. According to Porter and van der
Linde (1995: 99), companies often do not identify the potential of
environmentally sustainable innovations since they are “… still
inexperienced in dealing creatively with environmental issues.”
Neto et al. (2017) find that the lack of knowledge about cleaner
production techniques and possible environmental and economic
feasibility of cleaner production implementation is themain barrier
to cleaner production. Souto and Rodriguez (2015) also show that
the lack of qualified staff, limited information on environmental
technologies, lack of information on markets, difficulty in finding
cooperation partners for innovation, and uncertain demand for
innovative goods and services are the main barriers companies
encounter when innovating towards sustainability. Thus, sensing
capabilities help companies to overcome incomplete information
about environmental challenges and provides solutions for them to
Fig. 1. Research model.
sustainably innovate. Hence, the following hypothesis is proposed:

Hypothesis 1. There is a positive relationship between com-
panies’ sensing capabilities and their innovation towards a greater
degree of sustainability.
2.1.2. Seizing
Seizing involves organizational routines with regard to the

mobilization of resources to act on the recognized opportunities
and capture value from them (Teece, 2012). It must be addressed
through implementing new products, services or processes. From a
dynamic capabilities perspective, a company's ability to develop
and implement innovations is embedded in interrelated activities
directed at generating, acquiring, and combining a wide variety of
resources and competencies (e.g., Teece, 2007). In this regard, firms'
innovation-related activities are a successful means of companies
for seizing the innovation opportunities for sustainability (B€onte
and Dienes, 2013; Ketata et al., 2015). The innovation-related ac-
tivities are considered to be the organizational routines for seizing
the innovation opportunities for sustainability. It is argued that the
dynamic capability theory highlights the importance of activities
directed at developing andmobilizing knowledge and resources for
seizing the innovation opportunities (Piening and Salge, 2015).
Accordingly, by engaging in a broad range of innovation-related
activities, such as conducting in-house R&D and prototyping,
acquiring external knowledge (e.g., R&D outsourcing), and training
employees, companies innovate towards a greater degree of
sustainability.

Sustainable innovation is often more complex than purely
market-driven innovation because there is typically a wider range
of stakeholders, and it is more ambiguous since many of these
stakeholders have contradictory demands (Hall and Vredenburg,
2003). Given the complexity and ambiguity of innovation for sus-
tainability, Larson (2000) substantiates that the process through
which companies innovate for sustainability is a result of the
cultivation and leadership of a network of actors in the value chain.
To seize the innovation opportunities for sustainability, companies
need to cooperatewith various external partners to a greater extent
than for conventional innovation (De Marchi, 2012). Meyskens and
Carsrud (2013) find that partnership diversity enables sustainable
innovators to accumulate and combine necessary resources and
competencies as a result of their different types of partnership with
distinct sectors; and Marzucchi and Montresor (2017) argue that
companies need knowledge and competencies of both market
partners and knowledge partners. The more types of partners a
company cooperates with, the more likely it is that they effectively
innovate for sustainability (e.g., Cainelli et al., 2015; Dangelico et al.,
2013). This leads us to suggest the following hypothesis:

Hypothesis 2. There is a positive relationship between com-
panies’ seizing capabilities and their innovation towards a greater
degree of sustainability.
2.1.3. Reconfiguring
Reconfiguring capabilities are underpinned by organizational

routines that enable the renewal and orchestration of resources and
competencies to match the requirements of a changing environ-
ment (Helfat et al., 2007; Teece, 2007). Evidence from both SMEs
and large companies confirms that successful innovation is not just
the result of technological breakthroughs. It is also deeply depen-
dent on how firms can renew organizational resources and com-
petencies in response to various demands from changing
environments (Adner and Helfat, 2003). As an innovation for sus-
tainability often needs to move beyond incremental adjustments, it
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requires radical changes which can be disruptive for both cus-
tomers and manufacturers (Boons et al., 2013). This can be a
mandate for companies to renew their organizations to establish an
entirely different set of practices and routines for innovating to-
wards sustainability (cf. Teece, 2009). Seebode et al. (2012) also
argue that for successful management of sustainable innovation,
companies often need to renew their organizational routines and
practices to deal with the changing context they face. These
renewal activities as reconfiguring capabilities allow quick re-
sponses to a variety of unpredictable contingencies and demand
changes (Teece, 2007). Reconfiguring capabilities enable a company
to maintain its evolutionary fitness and, if necessary, to soften the
rigidities that can develop over time from asset accumulation and
current routines (Helfat et al., 2007; Teece, 2007). Sustainable
innovation in this sense includes organizational changes and
modifications in any stage of the innovation development process:
from the design of a product or service to its marketing strategy
(Blum-Kusterer and Hussain, 2001). Azzone and Noci (1998) argue
that the development of sustainable innovation requires threemain
categories of shifts in the business processes and the corporate
organization. It needs changes in (1) the activities of the corporate
value chain; (2) the management practices, and (3) the external
relations with the outside actors including customers, suppliers,
and public institutions to achieve a higher integration. For example,
the literature emphasizes the establishment of cross-functional
teams as a new management practice for providing support to
innovation for sustainability (Dangelico, 2015; Jabbour et al., 2013).
Companies should also implement new marketing methods and
strategies which require significant changes in product design, la-
beling, product placement, product promotion or pricing (Rehfeld
et al., 2007). Hence, the following hypothesis is proposed:

Hypothesis 3. There is a positive relationship between com-
panies’ reconfiguring capabilities and their innovation towards a
greater degree of sustainability.
2.1.4. The mediation effect of sensing capabilities
It is argued that due to a large collection of stakeholders (Hall

and Vredenburg, 2003), external knowledge and information
sources to generate novel ideas are very important for sustainable
innovations (Bocken et al., 2014; Horbach et al., 2013). Accordingly,
organizational routines are needed that enable companies' scan-
ning, search, and exploration activities across markets and tech-
nologies to sense and shape innovation opportunities for
sustainability in the business environment (Bocken et al., 2014;
Horbach et al., 2013). Therefore, companies need to reconfigure
their innovation process to interact more frequently with external
actors in their business environment. Such inter-firm relations may
serve to sensitize companies to new opportunities for innovating
towards sustainability and contribute to building problem-solving
capabilities (Hofmann et al., 2012). As companies open their
boundaries, a vast array of new opportunities for adapting internal
resources and competencies emerges (Santos and Eisenhardt,
2005). Reconfiguring capabilities enable the companies to
strengthen their sensing capabilities for recognizing innovation
opportunities for sustainability. This approach also facilitates the
companies to identify sustainability issues and seek legitimacy for
sustainable innovation (e.g., Roome, 2001; van Kleef and Roome,
2007). Accordingly, for innovating towards sustainability, com-
panies require to maintain a close relation with external actors,
including customers, suppliers and R&D institutions, and to
observe best practices in the industry (Bos-Brouwers, 2010). Hence,
it can be argued that reconfiguring capabilities facilitate the
recognition of innovation opportunities for sustainability as they
contribute to the strategic renewal of organizational knowledge
and resources. Based on the above, we propose the following
hypothesis:

Hypothesis 4. There is a positive relationship between com-
panies’ reconfiguring capabilities and their sensing capabilities for
innovating towards a greater degree of sustainability.

The abovementioned arguments also indicate that reconfiguring
capabilities can be positively related to companies' sensing capa-
bilities for innovating towards a greater degree of sustainability.
Given that we also hypothesize that companies' sensing capabilities
are positively related to their innovation towards a greater degree
of sustainability (Hypothesis 1), we expect sensing capabilities to
serve as a mediator of companies' reconfiguring capabilities and
their innovation towards a greater degree of sustainability. Thus,
we propose the following hypothesis:

Hypothesis 5. The positive effect of companies’ reconfiguring
capabilities on innovating towards a greater degree of sustainability
is mediated by sensing capabilities of the companies.
2.1.5. The mediation effect of seizing capabilities
Given the complexity of sustainable innovation, it is often

argued that sustainable innovation is characterized by higher levels
of novelty, uncertainty, and variety than in the traditional techno-
logical or market domainwithinwhich companies usually compete
(Cainelli et al., 2015). Having an adequate internal base of knowl-
edge and skills to recognize and address sustainability issues can be
crucial for realizing sustainable innovation (Ketata et al., 2015).
Reconfiguring capabilities may enable companies to align their
technological bases, skills, and partner networks with new sus-
tainable innovation demands. These organizational routines may
involve spending more on sustainable R&D, reorganizing R&D aims
with a drive towards more cross-functional teams, and employee
training on sustainability issues (Green et al., 1994; Vickers, 2000).

It is often argued that sustainable innovation goes beyond
technological change and needs organizational routine changes in
the corporate management system, the cooperation with partners
in the supply chain, and in the company's relationships with other
stakeholders in and around this value chain (Azzone and Noci,
1998; Blum-Kusterer and Hussain, 2001). Hence, to seize the
innovation opportunities for sustainability, companies may need to
effectuate cooperation inside and outside its organization. In the
same vein, Seebode et al. (2012) argue that sustainable innovation
often involves working with different knowledge componentse
new technologies, new markets, new environmental or regulatory
conditionse and particularly, it needs to work at a systems level.
Dangelico et al. (2013) contend that the creation of collaborative
networks as a resource co-specialization strategy may be an
effective and efficient way to achieve sustainability objectives in
product development or production processes. Thus, for successful
management of innovation for sustainability, companies may need
to reconfigure their organizational routines (Carrillo-Hermosilla
et al., 2010). van Hoof (2014) also argues that for cleaner produc-
tion, companies need innovative behavior at different organiza-
tional levels; i.e., acquisition of new knowledge, new collaborative
actions, and new decision-making procedures. Accordingly,
reconfiguring capabilities may facilitate companies to translate the
recognized innovation opportunity for sustainability into eco-
friendly products, processes, or services. We therefore hypothesize:

Hypothesis 6. There is a positive relationship between com-
panies’ reconfiguring capabilities and their seizing capabilities for
innovating towards a greater degree of sustainability.

The above reasoning indicates that reconfiguring capabilities are
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positively related to companies seizing capabilities for innovating
towards a greater degree of sustainability. As we also hypothesize
that companies seizing capabilities are positively related to their
innovation towards a greater degree of sustainability (Hypothesis
2), we also expect seizing capabilities to serve as a mediator of
companies' reconfiguring capabilities and their innovation towards
a greater degree of sustainability. Thus, we propose the following
hypothesis:

Hypothesis 7. The positive effect of companies’ reconfiguring
capabilities on innovating towards a greater degree of sustainability
is mediated by seizing capabilities of the companies.
3. Methods

3.1. Data sources and selection

For the empirical part of this analysis, we use cross-sectional
data from the German part of the Community Innovation Survey
(CIS) conducted in 2009. Germany is chosen as research context
since it is one of the leading countries in the area of sustainable
development and innovation, with a large tradition of soci(et)al,
political and regulatory awareness for sustainability challenges
(Beise and Rennings, 2005; Geels et al., 2016; Ketata et al., 2015).
German industry pays focused attention to sustainability issues like
for example energy efficiency, emissions- and waste reduction, and
corporate social care (Gilli et al., 2013). The CIS dataset provides
information about innovation activities of manufacturing and ser-
vice companies between 2006 and 2008. We restrict our analysis to
the companies that introduced at least one product/service or
process innovation during the observation period. These types of
technological innovations are central to the ability of companies to
create competitive advantage (Damanpour, 2010), and play a
fundamental role in enhancing the sustainability performance of
the companies (e.g., Bocken et al., 2014; B€onte and Dienes, 2013).

Restricting the sample to innovative companies as a reference
group helps us to focus on the degree of sustainability within
innovation activities of the companies. The degree of sustainability
of these innovations varies and some of them have no sustainability
in their innovation activities. Thus, we have also included in our
sample those firms that have introduced product/service or process
innovationwithout any sustainability performances. As a result, we
have provided empirical evidence for 2642 German companies in
both manufacturing and service sectors. 21 different industry sec-
tors are selected to be able to analyze a heterogeneous sample and
therefore increase the generalizability of the findings. Table A1
(appendix) provides the distribution of sustainable innovators by
industry.
3.2. Measures

3.2.1. Measuring innovation towards a greater degree of
sustainability

We used an existing scale to measure innovation towards a
greater degree of sustainability (Y) (cf. Ketata et al., 2015). In the
survey, companies are requested to evaluate various effects of their
product and process innovations introduced during the years of
study. We relied on three different outcomes: the reduction of
materials and energy per unit/operation (Y1), the reduction in
environmental load (Y2), and the improvement of health and safety
(Y3). Companies assess the importance of these effects on a 4-point
Likert scale, i.e., (a) Not relevant, (b) Low, (c) Medium, and (d) High.
In our sample, companies have different strategic sustainability
behaviors which generally range from reactive to proactive
behaviors towards innovation. For many companies, the compli-
ance with environmental regulations is the first step toward envi-
ronmentally sustainable innovation. In this context, their
innovation is mostly reactive (Adams et al., 2012). Reactive strate-
gies can lead to innovations as a response to external stimuli (i.e.,
new environmental regulations) (Jabbour and Santos, 2006; Noci
and Verganti, 1999). On the other hand, companies having a pro-
active sustainability behavior seek innovative solutions to envi-
ronmental challenges (Noci and Verganti, 1999). Proactive strategic
behavior towards innovation is characterized by a company's
initiative to go beyond regulation, and to realize sustainability is-
sues and markets for sustainable innovations as a competitive
advantage (Arag�on-Correa et al., 2008; Hart, 1995). Thus, it should
be considered that this measurement does not specify whether the
outcome of innovation is due to reactive or proactive behaviors
towards innovation. We also put a caveat on this measurement
since it measures actual innovation outcomes, and not necessarily
intended ones (cf. Ketata et al., 2015). Companies' innovation to-
wards a greater degree of sustainability takes the value 3, 2, 1, and
0 if, in the period 2006e2008, the company reported ‘high’ to ‘not
relevant’ importance of the effects. This question is therefore used
to construct a sustainability scale. Hence, our dependent construct
is the degree of sustainability within companies' innovation activ-
ities. A higher scale value indicates a greater degree of sustain-
ability of the innovations developed by the companies.
3.2.2. Measuring dynamic capabilities
In general, the dynamic capability perspective is interested in

how companies build and adapt their resource base to maximize
organizational fit with the environment. One of the distinctive
features of the dynamic capabilities perspective is the notion that
such adaptation can be based on organizational routines (Helfat
and Peteraf, 2003; Schilke, 2014; Winter 2003). Accordingly, we
have operationalized the dynamic capabilities by organizational
routines through which companies may use to realize their dy-
namic capabilities. For measuring the capabilities, we started with
Teece (2007) conceptualization of dynamic capabilities; i.e.,
sensing, seizing and reconfiguring. We also used relevant existing
literature to explore a large number of organizational routines
which companies may use to realize these capabilities. Thus, we
created three pools of indicators (i.e., organizational routines) that
capture the theoretical definition of the target dynamic capabilities.
To deal with the potential impact of a large number of indicators,
we followed Cenfetelli and Bassellier (2009) who propose to group
the indicators into two or more distinctive constructs. Hence, we
grouped the indicators from a theoretical and conceptual
perspective. Following Jarvis et al. (2003)'s approach for measure-
ment model operationalization, a reflective-formative hierarchical
component model and the repeated indicator approach (Mode B)
was employed to measure the dynamic capabilities. Dynamic ca-
pabilities have been modeled as hierarchical component models
(HCMs) and are measured at two levels of abstraction. Thus, dy-
namic capabilities simultaneously include several first-order con-
structs, which cover more concrete traits of the dynamic
capabilities. HCMs enable reducing the number of structural re-
lationships, making the PLS path model more parsimonious, while
increasing the bandwidth of content covered by the respective
constructs (cf. Jarvis et al., 2003). Accordingly, the dynamic capa-
bilities constructs have two levels of analysis; i.e., first-order and
second-order analyses, which form a “Hierarchical Measurement
Model.” The first-order level relating the manifest indicators; i.e.,
organizational routines, to the second-order level; i.e., dynamic
capabilities, which form a “Structural Model.” Put differently, in the
repeated indicator approach, the second-order level (dynamic
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capabilities) have been constructed by the first-order constructs
that represent all the manifest indicators of dynamic capabilities;
i.e., organizational routines (cf. Becker et al., 2012). Fig. 2 shows the
first-order and the second-order level of our hierarchical mea-
surement model for measuring dynamic capabilities. The circles in
the periphery of the figure represent the first-order level of the
hierarchical measurement model of dynamic capabilities which
relate the manifest indicators (i.e., organizational routines) to the
second-order level. The thicker circles in the center of the figure
show the second-order level of the hierarchical measurement
model for measuring the dynamic capabilities. With the assess-
ment of the measurement model, we can proceed with the evalu-
ation of the structural model and hypotheses.

For sensing (A), we used an existing scale to assess the sources of
information to the company's innovation activities listed in the CIS
to measure companies' ability to scan or monitor the internal and
external environment of the company (cf. Arbuss�a and Coenders,
2007). We used the answers to the questions about the impor-
tance of information sources to the innovations, from internal
sources (A1); from market sources (A2); from institutional sources
(A3); and from public sources (A4). In Table 1, we list the indicators
to measure sensing capabilities.

For seizing (B), the measure is constructed as a combination of
organizational activities through which new products or processes
have been developed and commercialized. This construction fol-
lows partly from those of Wilden et al. (2013) and Ketata et al.
(2015). On a dichotomous scale (1¼ yes; 0¼ no), companies were
Fig. 2. Hierarchical me
requested whether they have developed their internal capabilities
for sustainable innovation (B1); or have adopted the best practices
in the sector (B2). The companies were also asked whether they
have done market introduction activities to facilitate the
commercialization of the innovations (B3). Cooperation for inno-
vation activities is a complementary measure for capturing the
seizing capabilities. Companies were asked whether they have
cooperated on any of their innovation activities with other partners
within or outside the value chain for implementing new products
or processes, including cooperation with market partners (B4) and
knowledge partners (B5). In Table 1, we list the indicators to mea-
sure seizing capabilities.

For reconfiguring (C), we relied on an existing scale (Jantunen
et al., 2005; Wilden et al., 2013), which is based on the renewal
activities listed in the CIS. This scale assesses activities such as the
implementation of new marketing methods or strategies (C1), the
adoption of new management practices and renewal of business
processes (C2), and the development of newmanufacturing-related
processes (C3). The feature of these renewal activities is that they
have not been used before in the company and they are the result of
strategic management decisions. In Table 1, we list the indicators to
measure reconfiguring capabilities.
3.2.3. Control variables
We controlled companies' size as a structural characteristic of

the companies that may influence the estimation results of our core
variables. Extant literature suggests that larger companies may
asurement model.



Table 1
Hierarchical measurement model results.

Second-order
constructs

First-order constructs Indicators (Routines) Loading Composite
reliability

AVE

Innovation towards a Greater
Degree of Sustainability (Y)

Material or Energy cost reduction (scale range: 0e3) (Y1) 0.80 0.91 0.78
Reduction in environmental load (scale range: 0e3) (Y2) 0.89
Improvement of health/safety (scale range: 0e3) (Y3) 0.86

Sensing (A)
VIF¼ 1.33

Internal sources (A1)
Weights¼ 0.406
Sig. (t-value)¼ 9.56
VIF¼ 1.07

1- Sources within the company or enterprise group (scale range: 0e3) 0.62
0.80

0.72 0.56
2- Having procedures in place to regularly identify the company's environmental
impacts (dummy)

Market sources (A2)
Weights¼ 0.277
Sig. (t-value)¼ 5.94
VIF¼ 1.19

1- Clients or customers (scale range: 0e3) 0.69 0.79 0.55
2- Suppliers of equipment, materials, components, or software (scale range: 0e3) 0.74
3- Competitors or other enterprises in the sector (scale range: 0e3) 0.71

Institutional sources (A3)
Weights¼ 0.233
Sig. (t-value)¼ 4.14
VIF¼ 1.61

1- Universities or other higher education institutions (scale range: 0e3) 0.81 0.84 0.58
2- Government research institutes (scale range: 0e3) 0.83
3- Consultants, commercial labs, or private R&D institutes (scale range: 0e3) 0.59
4- Professional and industry associations (scale range: 0e3) 0.65

Public sources (A4)
Weights¼ 0.505
Sig. (t-value)¼ 9.38
VIF¼ 1.67

1- Conferences, trade fairs, exhibitions (scale range: 0e3) 0.67 0.82 0.54
2- Scientific journals and trade/technical publications (scale range: 0e3) 0.68
3- Patent specifications (scale range: 0e3) 0.78
4- Standards and standardization boards/documents (scale range: 0e3) 0.70

Seizing (B)
VIF¼ 1.38

Internal capabilities (B1)
Weights¼ 0.535
Sig. (t-value)¼ 5.72
VIF¼ 1.33

1- In-house research and experimental development (internal R&D)- (dummy) 0.64 0.72 0.57
2- Professional development measures for innovation projects (Employee Training)-
(dummy)

0.82

Adoption of the best practices
(B2)
Weights¼ 0.540
Sig. (t-value)¼ 6.43
VIF¼ 1.14

1- Acquisition of machinery, facilities and software to realize innovation projects
(dummy)

0.80 0.77 0.63

2- Acquisition of other external knowledge (dummy) 0.73

Market introduction of
innovations (B3)
Weights¼�0.135
Sig. (t-value)¼ 1.58
VIF¼ 1.22

1- Market launch of innovations- marketing activities, including market research,
directly related to innovation projects (dummy)

0.87 0.87 0.77

2- Preparations for the introduction of product or process innovations, such as
design, prototype manufacturing (dummy)

0.82

Cooperation with market
partners (B4)
Weights¼ 0.241
Sig. (t-value)¼ 2.12
VIF¼ 1.54

1- Cooperation with other companies within the enterprise group (dummy) 0.76 0.83 0.55
2- Cooperation with clients or customers (dummy) 0.77
3- Cooperation with suppliers of equipment, materials, components, or software
(dummy)

0.74

4- Cooperation with competitors or other enterprises in the sector (dummy) 0.53
Cooperation with knowledge
partners (B5)
Weights¼ 0.181
Sig. (t-value)¼ 1.76
VIF¼ 1.64

1- Cooperation with universities or other higher education institutions (dummy) 0.77 0.82 0.54
2- Cooperation with government research institutes (dummy) 0.69
3- Cooperation with consultants, commercial labs, or private R&D institutes
(dummy)

0.63

4- Awarding of R&D contracts to third parties (R&D outsourcing)- (dummy) 0.70
Reconfiguring

(C)
VIF¼ 1.16

New marketing methods and
strategies (C1)
Weights¼ 0.153
Sig. (t-value)¼ 2.45
VIF¼ 1.12

1- New media or techniques for product promotion, introduction of brands
(dummy)

0.73 0.79 0.55

2- Newmethods for product placement or sales channels (incl. newways to present
products and services)- (dummy)

0.77

3- New methods of pricing goods and services (dummy) 0.66
New management practices
(C2)
Weights¼ 0.725
Sig. (t-value)¼ 13.81
VIF¼ 1.13

1- New business practices for organizing procedures (i.e. supply chain management,
knowledge management, etc.)- (dummy)

0.78 0.80 0.57

2- New methods of organizing work responsibilities and decision making (i.e.
teamwork, decentralization, etc.)- (dummy)

0.76

3- New methods of organizing external relations with other firms or public
institutions (i.e. first use of alliances, partnerships, outsourcing, etc.) - (dummy)

0.67

New manufacturing-related
processes (C3)
Weights¼ 0.431
Sig. (t-value)¼ 6.23
VIF¼ 1.06

1- New development or significant improvement of process technology- (scale
range: 0e3)

0.58 0.88 0.79

2- Source inputs, allocate supplies within the firm, deliver products (supply chain
processes)- (dummy)

0.82
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have a higher motivation and resources to introduce sustainable
innovation (e.g., Cainelli et al., 2015; Klewitz and Hansen, 2014).
Therefore, we included in the analysis the variable Company Size,
measured as the natural logarithm of the number of employees.
Other control variables including companies' R&D intensity, inno-
vation intensity, and industry were also included to check for other
potentially important antecedents of the companies for sustainable
innovation activities. Possessing higher R&D and innovation in-
tensity enables companies to continuously develop valuable mar-
ket offerings (Hollenstein, 1996). R&D intensity is the ratio of R&D
expenditure to total sales and innovation intensity is the ratio of
total innovation expenditure over sales. The industry was included
as a dummy variable (0 for service companies and 1 for
manufacturing companies). Manufacturing companies may have a
higher innovation propensity relatively to service companies (e.g.,
Gilli et al., 2014). In particular, manufacturing companies have
shown early responsiveness to environmental sustainability issues
(Dangelico et al., 2013). Also, there are increasing legal, market and
financial pressures on manufacturing companies to develop sus-
tainable products and production processes (Lee and Kim, 2011;
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Maxwell and van der Vorst, 2003).
3.3. Analytical procedures

There are two analytical procedures to estimate the relation-
ships in a structural equation model; i.e., covariance-based SEM
(CB-SEM) and partial least squares SEM (PLS-SEM) (Hair et al.,
2013). CB-SEM is the more widely applied approach as the multi-
variate normality assumption is met. CB-SEM analytical estimates
are more efficient in large samples and support estimates of
asymptotic standard errors. However, the construct scores of the
latent variables in PLS-SEM are calculated by aggregating indicator
items that involvemeasurement errors (Peng and Lai, 2012). Hence,
PLS-SEM estimates of construct scores are more likely biased and
are only consistent in the analytical estimation of a large number of
items per construct and large sample sizes (Peng and Lai, 2012). As
PLS-SEM lacks a classical parametric inferential framework, pa-
rameters are estimated using resampling procedures such as
bootstrapping. Chin (2010) also argued that PLS-SEM is less well-
grounded in statistical theory than CB-SEM. The estimation pro-
cedure for PLS-SEM is an ordinary least squares (OLS) regression-
based method rather than the maximum likelihood (ML) estima-
tion procedure as used in CB-SEM.

We used PLS-SEM to simultaneously assess the large number of
constructs and their interrelationships in our theoretical model (cf.
Henseler et al., 2009). PLS path modeling was applied to estimate
the theoretical model using the software application SmartPLS
(Ringle et al., 2015). As the primary objective of applying structural
modeling is prediction and explanation of our target construct; i.e.,
the innovation towards a greater degree of sustainability, PLS-SEM
is, therefore, the preferred method of our study (cf. Henseler et al.,
2009). PLS-SEM is a prediction-oriented approach to assess the
extent to which one part of the research model predicts values in
other parts of the research model. In contrast, CB-SEM estimates
the complete researchmodel and produces fit statistics that explain
how well the empirical data fits the theoretical model (Peng and
Lai, 2012). PLS-SEM, on the other hand, relies on pre-specified
networks of relationships between constructs as well as between
constructs and their measures (Hair et al., 2013). Furthermore, in
contrast to CB-SEM, PLS-SEM applies an iterative algorithm to
separately solve blocks of the measurement model and estimate
the path coefficients of the structural model. This iterative
approach sequentially estimates factor loadings and structural
paths, subset by subset (Peng and Lai, 2012). Accordingly, the
estimation procedure employed by PLS-SEM enables researchers to
estimate highly complex models as long as the sample size is
adequate to estimate the most complex block (relationship) in the
Table 2
Discriminant validity assessment.

(1) (2) (3)

(1) Adoption of the Best Practices 0.80
(2) Cooperation with Knowledge Partners 0.18 0.74
(3) Cooperation with Market Partners 0.13 0.59 0.75
(4) Institutional Sources 0.17 0.44 0.28
(5) Internal Capabilities 0.29 0.33 0.25
(6) Internal Sources 0.08 0.18 0.20
(7) Market Introduction Activities 0.17 0.28 0.21
(8) Market Sources 0.13 0.11 0.15
(9) New Management Practices 0.22 0.15 0.17
(10) New Manufacturing-Related Processes 0.16 0.10 0.09
(11) New Marketing Method and Strategy 0.15 0.08 0.07
(12) Public Sources 0.18 0.31 0.24
(13) Innovation towards a Greater Degree of Sustainability 0.15 0.11 0.11

Note: The diagonal elements (in bold) are the square root of the AVEs; non-diagonal ele
model.
PLS-SEM is capable of dealing with both reflective and formative

constructs within the same research model. Although the presence
of formative constructs does not preclude the use of CB-SEM, CB-
SEM generally lacks the ability to estimate research models with
formative constructs (Jarvis et al., 2003). Furthermore, according to
Peng and Lai (2012), PLS-SEM compared with CB-SEM, places less
strict assumptions on the normal distribution of data, and has no
assumptions about the population or scale of measurement. Hence,
this approach is more appropriate for our study as we have
different scales of measurements in the study.

We followed the PLS specific evaluation process (Henseler et al.,
2009). We assessed the hierarchical measurement model, and then
interpreted the path coefficients and evaluated the significances by
bootstrapping (5000 subsamples and individual-level changes
preprocessing) at the structural model level. We applied the path
weighting scheme as the estimation scheme of the research model.
Currently, this weighting scheme is recommended because it is the
only scheme that explicitly takes into account the causal order and
the direction of relationships as specified in the predictive path
mode (Ringle et al., 2009).
4. Results

4.1. First-order hierarchical measurement model results

We beginwith the evaluation of the first-order constructs. Since
all the first-order constructs are modeled as reflectively measured
constructs, the evaluation process starts with assessing the reli-
ability of indicators. As can be seen in Table 1, all the indicator
loadings are above 0.53, higher than the minimum acceptable level
for outer loadings; i.e., 0.40 (Hair et al., 2013). Therefore, the in-
dicators in the reflective measurement models have satisfactory
levels of indicator reliability.

Then, the construct reliability of the first-order constructs is
evaluated by calculating the composite reliability of each construct.
Values between 0.70 and 0.90 can be regarded as satisfactory levels
(Hair et al., 2013). The composite reliability values, ranging be-
tween 0.72 and 0.91, make evident that all the constructs have high
enough levels of internal consistency reliability (see Table 1). Also,
we use the average variance extracted (AVE) (Chin, 2010) for
assessing the constructs' convergent validity. As can be seen in
Table 1, all AVE values are higher than the critical threshold value of
0.50, providing evidence of the construct measures' convergent
validity. Additionally, discriminant validity is given as the square
root of each construct's AVE is higher than its highest correlation
with any other constructs (Hair et al., 2013) (see Table 2).
(4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

0.76
0.28 0.76
0.16 0.21 0.75
0.16 0.38 0.18 0.88
0.31 0.19 0.18 0.18 0.75
0.19 0.21 0.16 0.13 0.14 0.76
0.08 0.12 0.11 0.13 0.08 0.21 0.89
0.10 0.13 0.06 0.19 0.11 0.30 0.19 0.75
0.60 0.28 0.19 0.21 0.37 0.14 0.09 0.10 0.74
0.29 0.15 0.24 0.05 0.25 0.15 0.13 0.06 0.34 0.89

ments are latent variable correlations.
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Finally, Harman (1976) single-factor test was applied to assess
the potential existence of common method bias. The first factor
accounts for only 15% of the overall variance, which shows that
common method variance likely does not influence the results
(Podsakoff and Organ, 1986).

4.2. Second-order hierarchical measurement model results

To evaluate the psychometric properties of the first-order con-
structs that have been modeled as formative indicators at the
second-order measurement level, we test indicators relevance and
multicollinearity to evaluate the measures' goodness (Chin, 2010).

Concerning indicators relevance, the estimated second-order
weights' significance is determined by means of bootstrapping.
Table 1 shows that the significance of outer weights of all the in-
dicators forming our second-order constructs exceeds the critical
threshold of t> 1.96, except for the market introduction of in-
novations (1.58) and cooperation with knowledge partners (1.76).
The outer weight of cooperation with knowledge partners is
considered significant with a significance level of 10%. Hence, all of
the indicators are significant except the market introduction of
innovations.

Finally, the degree of multicollinearity among the formative
indicators is evaluated by calculating the variance inflation factor
(VIF) for each indicator (Henseler et al., 2009). As can be seen in
Table 1, the VIF value for all of the indicators is lower than 5. It is
concluded that there is no potential multicollinearity between the
indicators. This assessment provides evidence that the measure-
ment model is appropriate; thus, we can proceed with the evalu-
ation of the structural model.

4.3. Structural model results

To test the structural model and hypotheses, first, we assess the
structural model for collinearity issues (Hair et al., 2013). It shows
that there is no multicollinearity problem at the structural model
level because all VIF values of the predictors (i.e., capabilities) in the
structural model are lower than 5 (see Table 1). Overall, the esti-
mations fit the datawell, as the R2 value for the key target construct
(innovation towards a greater degree of sustainability) has a rela-
tively high value of 0.268. Cohen (1992) describes R2 values of 0.02,
0.13, and 0.26 as small, medium, and large respectively. This finding
is also supported by calculating the model's predictive power; i.e.,
Q2 value (Geisser, 1974) of the key target construct. Applying the
blindfolding procedure (Henseler et al., 2009), the Q2 value of the
target construct (0.237) is larger than 0, confirming the predictive
power of the PLS path model.

To assess the structural model relationships and hypotheses, the
path coefficients and their significance levels are evaluated. As can
be seen in Table 3, the effects of sensing and seizing capabilities on
Table 3
Significance testing results of the structural model-path coefficients.

Hypotheses Relationships

Control variable Company Size -> Innovation towards a Greater Degree of Sustaina
Control variable Industry Sector -> Innovation towards a Greater Degree of Sustain
Control variable Innovation Intensity -> Innovation towards a Greater Degree of Su
Control variable R&D Intensity -> Innovation towards a Greater Degree of Sustaina
(1) Sensing -> Innovation towards a Greater Degree of Sustainability
(2) Seizing -> Innovation towards a Greater Degree of Sustainability
(3) Direct effect Reconfiguring -> Innovation towards a Greater Degree of Sustaina
(3) Total effect Reconfiguring -> Innovation towards a Greater Degree of Sustaina
(4) Reconfiguring -> Sensing
(6) Reconfiguring -> Seizing

Note: The t values near 1.65, 1.96, and 2.58 are considered with the significance level of
sustainable innovation have significant values of 0.359 and 0.073
respectively (p< 0.01). Thus, both Hypotheses 1 and 2 are empiri-
cally supported. Regarding Hypothesis 3, as can be seen in the
Research Model, reconfiguring capabilities have a direct effect on
innovating towards sustainability. Also, there is an indirect effect
between the two constructs via themediating constructs of sensing
and seizing capabilities. The direct effect captures the residual ef-
fect (i.e., the part of the effect that is not mediated). Therefore, the
total effect which is calculated as the sum of direct and indirect
effects can indicate the relevance of reconfiguring capabilities on
innovating towards sustainability. Accordingly, it is found that the
total effect of reconfiguring capabilities on innovation towards a
greater degree of sustainability (b¼ 0.190, p< 0.01) is accepted as
significant with the significance level of 1%. In linewith Hypotheses
4 and 6, reconfiguring capabilities positively influence sensing
(b¼ 0.244, p< 0.01) as well as seizing capabilities (b¼ 0.317,
p< 0.01).

Finally, we check the robustness of the results. According to
Peng and Lai (2012), previous empirical research has compared the
parameter estimates of the alternative analysis to check the
robustness of the results. They argue that a close examination of the
results of both covariance-based SEM (CB-SEM) and PLS-SEM
provides a useful robustness check of the analysis. However, as
our research model includes both reflective and formative con-
structs, we are unable to run CB-SEM and compare PLS-SEM results
with CB-SEM results. Instead, we perform bootstrapping proced-
ures with different rounds of resampling to check the robustness of
the results. Ahuja et al. (2003) and Rosenzweig (2009) show that
bootstrapping procedures with different rounds of resampling are
an effective practice for checking the robustness of the significance
of path coefficients.

To test the mediating role of sensing and seizing capabilities
suggested in Hypotheses 5 and 7, we follow the approach proposed
by Hair et al. (2013), who built on Preacher and Hayes (2004) rec-
ommendations for testingmediation effects. We find that the direct
effect without including the mediator constructs is significant
(b¼ 0.167, p< 0.01) (see Table 4).

Then, we include the mediators in the PLS path model and
assess the significance level of the indirect effects. As the indirect
effects are also significant, we conclude that sensing (b¼ 0.087,
p< 0.01) and seizing capabilities (b¼ 0.023, p< 0.01) mediate the
positive relationship between reconfiguring capabilities and firms'
innovation towards a greater degree of sustainability. For assessing
the strength of these mediations, the Variance Accounted For (VAF)
for each mediator is calculated (Hair et al., 2013). As can be seen in
Table 4 (Mediators analysis results), we find that 52.5% of reconfi-
guring capabilities' effect on innovating towards a greater degree of
sustainability is explained via the sensing capabilities mediator. As
the VAF level is higher than 20% but lower than 80%, this situation
can be considered as partial mediation. As well, 22.5% of
b (path coefficients) t Values p Values Findings

bility �0.046 2.57 0.01 Significant effect
ability 0.253 15.35 0.00 Significant effect
stainability 0.083 2.97 0.00 Significant effect
bility �0.181 7.04 0.00 Significant effect

0.359 18.37 0.00 Supported
0.073 3.73 0.00 Supported

bility 0.079 4.54 0.00 Supported
bility 0.190 10.64 0.00 Supported

0.244 12.75 0.00 Supported
0.317 17.78 0.00 Supported

10%, 5% and 1%, respectively (Two-sided test).



Table 4
Mediators analysis results.

Hypotheses Relationships Direct Effect
(t Value)

Indirect
Effect (b)

STDEV t Value
(Ind.)

VAF (Indirect
effect/Total effect)

Findings

Reconfiguring -> Innovation towards a Greater Degree of
Sustainability (without including the mediators in the
model)

0.167 (9.16) e e e e

(5) Reconfiguring -> Sensing-> Innovation towards a Greater
Degree of Sustainability

e 0.087 0.008 10.04 52.5 Partial Mediation

(7) Reconfiguring -> Seizing-> Innovation towards a Greater
Degree of Sustainability

e 0.023 0.006 3.64 22.5 Partial Mediation

Note: The t values near 1.65, 1.96, and 2.58 are considered with the significance level of 10%, 5% and 1%, respectively (Two-sided test).
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reconfiguring capabilities' effect on innovating towards a greater
degree of sustainability is explained via the seizing capabilities
mediator. It is also concluded that partial mediation takes place for
the effect of reconfiguring capabilities on innovating towards a
greater degree of sustainability by seizing capabilities. Accordingly,
Hypotheses 5 and 7 are empirically supported. In summary, all
hypotheses are empirically supported (see Table 5).

4.4. Importance-Performance Matrix Analysis (IPMA)

We utilize the Importance-Performance Matrix Analysis (IPMA)
of the PLS path model to expand the analysis to the latent con-
structs and the indicator level. This analysis facilitates the identi-
fication of the most important organizational routines of the
dynamic capabilities. IPMA is a post hoc analysis (Hair et al., 2013).
The IPMA provides researchers the opportunity to deepen their
PLS-SEM analysis and, thereby, gain additional results and findings
(Hair et al., 2013). More specifically, instead of only analyzing the
path coefficients (i.e. the importance dimension), the IPMA also
considers the average value of the latent variables and their in-
dicators (i.e. performance dimension). IPMA highlights significant
areas for the improvement of management activities. Particularly,
IPMA permits the identification of determinants with a relatively
high importance and relatively low performance (Hair et al., 2013).
Expanding the analysis to the indicator level facilitates identifying
themost important areas of specific actions. The IPMA contrasts the
total effects (importance), and the average values of latent con-
structs scores (performance) for a specific criterion construct to
Table 5
Hypotheses and empirical support.

# Hypothesis Empirical
support

1 There is a positive relationship between companies' sensing
capabilities and their innovation towards a greater degree of
sustainability.

✓

2 There is a positive relationship between companies' seizing
capabilities and their innovation towards a greater degree of
sustainability.

✓

3 There is a positive relationship between companies'
reconfiguring capabilities and their innovation towards a
greater degree of sustainability.

✓

4 There is a positive relationship between companies'
reconfiguring capabilities and their sensing capabilities for
innovating towards a greater degree of sustainability.

✓

5 The positive effect of companies' reconfiguring capabilities on
innovating towards a greater degree of sustainability is
mediated by sensing capabilities of the companies.

✓

6 There is a positive relationship between companies'
reconfiguring capabilities and their seizing capabilities for
innovating towards a greater degree of sustainability.

✓

7 The positive effect of companies' reconfiguring capabilities on
innovating towards a greater degree of sustainability is
mediated by seizing capabilities of the companies.

✓

identify predecessors that have a relatively high importance for the
target construct and their related performance (Ringle and
Sarstedt, 2016). Furthermore, by using the indicators' total effects
on the target construct, we can interpret the indicators' relative
contribution to forming the composite variable (i.e., the target
construct) in the PLS path model (Ringle and Sarstedt, 2016).
Table A2 (appendix) providesmore information about IPMA results.

The IPMA results reveal that internal sources of the companies
are of primary importance for sensing the opportunities and
gaining information to innovate for sustainability. Public sources
have the second highest total effect (importance) on the companies
for gaining information and knowledge for sustainable innovation
activities. However, their performance is lower than the market
sources. Institutional sources have the lowest importance and
performance for sensing capabilities of the firms to innovate for
sustainability. On the indicators of different sources, having pro-
cedures in place to regularly identify the company's environmental
impacts is the most important internal source of the companies. In
market sources, suppliers of equipment and materials have the
highest impact on the companies' sensing capabilities. Though the
total effect of clients or customers is slightly lower than suppliers,
their performance in sensing the sustainability opportunity is
much higher than tapping suppliers. Regarding the role of institu-
tional sources in sensing capabilities, the two highest total effects
belong to government research institutes, and professional and
industry associations respectively. Patent specifications, and stan-
dards and standardization boards/documents are the most impor-
tant routines among public sources.

About seizing capabilities, internal capabilities have the highest
performance in seizing capabilities of the companies for sustain-
able innovation activities. From internal capabilities, employee
training is more important than internal R&D activities in seizing
the innovation opportunities for sustainability. Adoption of the best
practices in the sectors is of similar importance but has a lower
performance. It is found that acquisition of machinery and facilities
related to innovation projects has a higher impact and performance
than the acquisition of other external knowledge, including patents
and licenses. Comparing the importance of cooperation partners,
we explored that cooperation with market partners plays a higher
role of importance in the development of innovation for sustain-
ability. It is found that for innovating towards sustainability,
cooperation with suppliers of equipment and materials is much
more important than cooperation with clients or customers. On
knowledge partners, we find that government research institutes
and consultants or private R&D institutes have a higher impact than
universities in the development of innovation for sustainability.
However, universities perform much better.

About reconfiguring capabilities, new management practices
have the highest impact and performance on the development of
sustainable innovation activities. On the indicators of new man-
agement practices, it is found that they have almost the same total
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effect on reconfiguring capabilities. However, new business prac-
tices for organizing procedures such as supply chain management
and knowledge management perform better than other organiza-
tional routines. New manufacturing-related processes have the
second highest impact on the development of sustainable innova-
tion activities. It is found that new supply chain processes, and new
development or significant improvement of process technologies
have significant total effects on the development of innovation for
sustainability. Comparing organizational routines related to new
marketing methods and strategies, there are no significant differ-
ences between the total effects of organizational routines in
enhancing the companies' reconfiguring capabilities. However,
new methods for product placement or sales channels perform
slightly better than other organizational routines.
5. Discussion

5.1. Discussion of findings

Our results demonstrate that sensing, seizing, and reconfiguring
capabilities and underlying organizational routines all have an
important effect on innovation towards a greater degree of sus-
tainability (see Table 5). Previous studies substantiated on, and
illustrated the role of companies' dynamic capabilities and
Fig. 3. Summary
organizational routines in effectuating their resources and com-
petencies for innovating towards sustainability. However, it
remained a question to be answered how and to what degree
companies' dynamic capabilities (i.e., sensing, seizing, and recon-
figuring) and their underlying organizational routines have an ef-
fect on innovation towards a greater degree of sustainability. This
study investigates this research question and finds a structure of
dynamic capabilities and related organizational routines positively
influencing companies' innovation towards a greater degree of
sustainability as depicted in Fig. 3. The circles in the center of the
figure show how reconfiguring directly, and indirectly, i.e. medi-
ated by sensing and seizing, positively influences companies' sus-
tainable innovation activities. The circles in the periphery of the
figure represent the underlying organizational routines of these
dynamic capabilities, and the control variables while measuring
companies' innovation towards a greater degree of sustainability.
The thickness and accompanying values of the arrows represent the
measured weight of the dynamic capabilities, organizational rou-
tines, and control variables.

Sensing and underlying organizational routines. For innovating
towards sustainability, firms need sensing capabilities and under-
lying organizational routines to scan the business environment to
find out about technological developments, industry and business
trends, market demands, and the environmental impacts of their
of findings.
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business activities. This alertness to the information and knowl-
edge from a variety of sources allows companies to discover inno-
vation opportunities for sustainability. This aspect has also been
pointed out by existing literature, which argues that for realizing
sustainable innovation, companies need to recognize the potential
of sustainability opportunities (e.g., Horbach et al., 2012; Porter and
van der Linde, 1995). As companies have a lack of information and
are still inexperienced in sustainability issues, they need to tap a
wide range of external parties to explore sustainability opportu-
nities and novel solutions to environmental problems. This finding
is further supported by Lenox and Ehrenfeld (1997) who argue that
the development of environmentally sustainable products requires
organizational routines that improve explorative activities for
identifying and generating new knowledge for sustainability. With
regard to the organizational routines of companies for sensing ca-
pabilities, it is found that four types of information sources are
important. These sources are internal sources, market sources,
institutional sources, and public sources. It means that both inter-
nal and external information sources are useful for firms to inno-
vate for sustainability. However, we find that internal sources are
the most important sources of companies for gaining information
to innovate for sustainability. In particular, the existence of pro-
cedures such as EMSs and environmental audits in companies helps
them to identify the environmental impacts and overcome
incomplete information about their business activities.

Seizing and underlying organizational routines. Seizing capabil-
ities and underlying organizational routines enable companies to
build and improve competencies and deploy resources from in-
ternal and external sources to achieve marketplace acceptance. The
literature points out that for seizing the opportunities, companies
need to respond to and exploit opportunities by implementing new
products or production processes (Lieberherr and Truffer, 2014;
Teece, 2007). As a result, this study finds that organizational seizing
routines involve the development of internal capabilities, adoption
of the best practices in the sectors, and cooperation with market
and knowledge partners allowing companies to innovate towards
sustainability. The study finds that internal organizational routines
including internal R&D activities and employee training have the
greatest importance for sustainable innovations. In this context,
employees training has been recognized more important than R&D
activities for supporting the introduction of sustainable in-
novations. With regard to this, Cainelli et al. (2015) contend that
employee training is not only important to transfer technological
knowledge but also to increase awareness about the importance of
dealing with environmental impacts and inspiring employees to
address environmental challenges. In line with the existing litera-
ture (e.g., Bos-Brouwers, 2010; De Marchi, 2012), the study con-
firms that given the systemic and complex character of sustainable
innovation, cooperationwith external partners is even greater than
for the introduction of conventional innovation. Our results show
that market partners the companies co-innovate with are more
important than knowledge partners in innovation for
sustainability.

Reconfiguring and underlying organizational routines. The study
supports that there is a positive relationship between companies'
reconfiguring capabilities and underlying organizational routines
and their innovation towards a greater degree of sustainability.
Reconfiguring capabilities comprise organizational routines for
adjusting and changing the patterns of previously utilized inno-
vation processes to enhance the development of innovation for
sustainability. Hall and Vredenburg (2003) argue that the current
approaches to managing innovation are not enough to deal with
the additional constraints of sustainability demands. The literature
also argues that sustainably innovative companies can demonstrate
to the market the sustainability advantages of their products or
services through demonstrations and marketing (e.g., Berkhout,
1996; Bossink, 2015, 2017). We also find that in the case of in-
novations for sustainability a lot of newmanagement practices; i.e.,
‘management innovation’ (Birkinshaw et al., 2008) is needed. New
management practices include new business practices for orga-
nizing procedures, new methods of organizing work re-
sponsibilities and decision making, and newmethods of organizing
external relations with other firms or public institutions. Our re-
sults show that management innovation is the most important and
effective strategic renewal of organizational processes through
which the companies can innovate more towards sustainability.
This finding is in agreement with the finding of Klewitz and Hansen
(2014) who argue that innovating for sustainability is an integrative
and interactive process between product, process, and organiza-
tional level changes.

5.2. Implications for theory and practice

First, our research responds to a call made by Dangelico et al.
(2013) and Dangelico (2015) to study the development of innova-
tion for sustainability from a dynamic capabilities perspective. It
also supports Amui et al. (2017)'s study which argues that com-
panies need to develop and deploy dynamic capabilities to more
effectively overcome the emerging sustainability challenges. Our
study finds that sensing, seizing and reconfiguring capabilities and
accompanying organizational routines all have a significant influ-
ence on companies' sustainable innovation activities, with sensing
as the most influential dynamic capability having a direct effect on
companies' sustainable innovation. It also finds that reconfiguring
capabilities and organizational routines have a multiple effect on
innovation towards a greater degree of sustainability. More spe-
cifically, with regard to reconfiguring capabilities and organiza-
tional routines, it is found that these directly influence companies'
sustainable innovation activities, that reconfiguring capabilities
and organizational routines influence sensing as well as seizing
capabilities and organizational routines, and that sensing and
seizing capabilities and organizational routines partially mediate
the relationship between reconfiguring capabilities and organiza-
tional routines and companies' sustainable innovation.

Second, this paper contributes to the literature on sustainable
innovation from a methodological perspective. The majority of the
quantitative analyses on sustainable innovation so far has mainly
focused just on the manufacturing sector (e.g., De Marchi, 2012;
Ketata et al., 2015). We investigate dynamic capabilities and orga-
nizational routines for both manufacturing and service companies,
which increases the generalizability of our findings. Furthermore,
these dynamic capabilities and organizational routines have been
studied in combination and simultaneously; while previous
research has investigated these separately (e.g., De Marchi, 2012;
Ketata et al., 2015). Furthermore, asmeasuring dynamic capabilities
and their effects are associated with difficulties (Easterby-Smith
et al., 2009), many studies on dynamic capabilities have been
largely theoretical (e.g., Seebode et al., 2012) or offer case study
insights with no or limited statistical generalizability (e.g., Iles and
Martin, 2013). This study also provides a quantitative operational-
ization and study of dynamic capabilities and organizational rou-
tines for managing innovation for sustainability, with findings that
have value in terms of statistical generalizability.

From a managerial point of view, our study offers guidance
concerning the most appropriate and important dynamic capabil-
ities and organizational routines for innovating towards sustain-
ability. It is found that sensing capabilities and organizational
routines are the most important for companies to innovate towards
a greater degree of sustainability. It is suggested that having pro-
cedures in place to regularly get a better understanding of
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companies' environmental impacts helps these to improve their
sensing capabilities and organizational routines for recognizing the
innovation opportunities for sustainability. This suggestion is also
in line with Seebode et al. (2012) who argue that much of the
sustainable innovation activity takes place as firms begin to
consider the social and environmental impact of their business.
With regard to seizing, our findings show that by engaging in a
broad range of different innovation-related organizational routines
such as conducting in-house R&D, training employees, and coop-
eration with market and knowledge partners, firms can strengthen
their sustainable innovation management function. Finally,
regarding reconfiguring, our study shows that innovating towards a
greater degree of sustainability is the result of both technological
innovation as well as on new and renewed organizational routines
of companies, including changing a company's organizational
structure, practices, processes, and its external relations (cf.
Volberda et al., 2013).

5.3. Limitations and avenues for future research

Next to the insights gained, this study has its limitations. First
and the most important, our data is of a cross-sectional nature;
while capabilities are a dynamic phenomenon, and sustainable
innovation is a long-term process. Furthermore, cross-sectional
data have been used to derive causation, but they are restricted
to one point in time. Even though this approach is quite common
among academic studies (Damanpour et al., 2009), a longitudinal
research approach is preferable.

Second and also related to a measurement aspect of the
research, this study operationalized dynamic capabilities as
something that is similar across firms, and this suggests that firms
can be compared as to howmuch of a particular dynamic capability
they possess. However, Teece (2007) argues that dynamic capa-
bilities are unique to the firm. This can be interpreted as a contra-
diction. On the one hand, a measurement instrument is used where
dynamic capabilities and organizational routines are operational-
ized with standardized items, and on the other hand in the litera-
ture, these concepts are introduced as firm-unique and -specific.
This research builds on the approach that although dynamic ca-
pabilities are of a firm-specific nature and to a certain degree
unique, they also have more generic aspects, which can be distin-
guished, categorized, standardized and measured. This approach is
also used in previous research, which operationalized dynamic
capabilities as companies' experience, actions, and performance,
and measured the generic aspects (Laaksonen and Peltoniemi,
2016). This implies that for operationalizing the generic aspects of
dynamic capabilities, these can be measured by their existence in
the specific companies that are studied. It can be argued that it is
reasonable to measure these dynamic capabilities on a dichoto-
mous scale, based on the logic that, in order to do something, the
firm has to have a dynamic capability for doing it. Yet, a dichoto-
mous approach is not able to distinguish towhat degree a company
does or does not show to have a certain dynamic capability and
organizational routine. Thus, it is preferable to also capture the
Table A1
Innovative firms, sustainable innovators, non-sustainable innovators per industry.

Industry Tot. No. of successful
innovative firms

Num. of Innovator above
mean sustainability scale

% of Inno
mean su

Mining 21 14 66.7
Food & Tobacco 134 93 69.4
Textiles 85 45 52.9
Wood & Paper 181 114 63.0
Chemicals 146 98 67.1
Plastics 96 59 61.5
measurement of the degree in which a company possesses certain
dynamic capabilities and organizational routines. However, this
approach is to a certain degree also generic and restricted, with
limited ability to deeply focus on the uniqueness of one or more
dynamic capabilities and organizational routines in specific firms.
The research approach adopted in this study thus gives an insight in
an overall pattern for a large collection of companies, but it does not
provide a fine-grained insight into the dynamic capabilities and
organizational routines and the causalities between them on an
individual company level. It also does not provide answers to other
relevant questions. It does for example not give an answer to the
question whether the sustainable innovation outcomes were the
result of process innovation, product innovation, or both of them, in
a certain combination.

Third, there is an emerging consensus in the literature that
dynamic capabilities for innovation activities exist and go hand in
hand with the operating environment of the company (e.g., Helfat
et al., 2007; Kim and Pennings, 2009; Priem and Butler, 2001).
This study ignores bounding assumptions such as environmental
turbulence in its analysis to investigate companies' dynamic ca-
pabilities and organizational routines for innovating towards sus-
tainability. Furthermore, it uses data from a sample of German
companies, which implies that the generalizability of the present
research findings is limited.

Future research neutralizing the above limitations could inves-
tigate dynamic capabilities and underlying organizational routines
for companies' sustainable innovation through longitudinal data,
for example by using panel data. This could give a better insight
into dynamic capabilities' and organizational routines' effects on
companies' innovation in sustainability over time. Improvements
can also be made with regard to the measurement of dynamic ca-
pabilities, organizational routines and sustainable innovativeness
of companies. Future research could use a further developed
measurement method, using an increased set of indicators and
using measurement scales with improved accuracy, and also
involving production and service firms from other countries.
Finally, to develop a more fine-grained insight into how dynamic
capabilities and underlying organizational routines affect com-
panies' sustainable innovation, the quantitative approach in this
research could be complemented with qualitative, in-depth studies
into the context-specific functioning of these processes.
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vator above
stainability scale

Num. of Innovator Below/equal
mean sustainability scale

% of innovator Below/equal
mean sustainability scale

7 33.3
41 30.6
40 47.1
67 37.0
48 32.9
37 38.5



Table A1 (continued )

Industry Tot. No. of successful
innovative firms

Num. of Innovator above
mean sustainability scale

% of Innovator above
mean sustainability scale

Num. of Innovator Below/equal
mean sustainability scale

% of innovator Below/equal
mean sustainability scale

Glass & Ceramics 67 45 67.2 22 32.8
Metals 217 141 65.0 76 35.0
Machinery 292 174 59.6 118 40.4
Electrical Equipment 221 115 52.0 106 48.0
Medical and Other

Instruments
189 81 42.9 108 57.1

Transport Equipment 112 65 58.0 47 42.0
Furniture 76 47 61.8 29 38.2
Energy/Water 39 23 59.0 16 41.0
Manufacturing Sector 1876 1114 59.4 762 40.6
Wholesale 54 29 53.7 25 46.3
Retail Automobile 17 11 64.7 6 35.3
Banking & Insurance 119 29 24.4 90 75.6
IT &

Telecommunications
203 53 26.1 150 73.9

Technical Services 240 105 43.8 135 56.3
Firm-Related Services 120 24 20.0 96 80.0
Real Estate & Renting 13 7 53.8 6 46.2
Service Sector 766 258 33.7 508 66.3
Total 2642 1372 51.9 1270 48.1

Table A2
IPMA results.

Capabilities First-order constructs Indicators (Routines) Importance
(Total effects)

Performance
(Index values)

Sensing (A)
Importance: 0.968
Performance: 37.20

Internal Sources (A1)
Importance: 0.395
Performance: 38.09

1- Sources within the company or enterprise group 0.305 83.54
2- Having procedures in place to regularly identify the company's
environmental impacts

0.695 22.63

Market sources (A2)
Importance: 0.160
Performance: 57.26

1- Clients or customers 0.334 78.45
2- Suppliers of equipment, materials, components, or software 0.346 49.22
3- Competitors or other enterprises in the sector 0.320 56.59

Institutional sources (A3)
Importance: 0.131
Performance: 27.11

1- Universities or other higher education institutions 0.254 35.84
2- Government research institutes 0.292 23.81
3- Consultants, commercial labs, or private R&D institutes 0.192 26.83
4- Professional and industry associations 0.262 30.69

Public sources (A4)
Importance: 0.294
Performance: 34.19

1- Conferences, trade fairs, exhibitions 0.224 51.48
2- Scientific journals and trade/technical publications 0.226 48.07
3- Patent specifications 0.301 24.35
4- Standards and standardization boards/documents 0.249 28.49

Seizing (B)
Importance: 0.292
Performance:40.45

Internal capabilities (B1)
Importance: 0.351
Performance: 62.23

1- In-house research and experimental development (internal R&D) 0.440 71.21
2- Professional development measures for innovation projects (Employee
Training)

0.560 63.08

Adoption of the best practices
(B2)
Importance: 0.348
Performance: 48.27

1- Acquisition of machinery, facilities, and software to realize innovation
projects

0.534 69.51

2- Acquisition of other external knowledge 0.466 31.01

Market introduction of
innovations (B3)
Importance: �0.074
Performance: 56.16

1- Market launch of innovations- marketing activities, including market
research, directly related to innovation projects

0.525 52.97

2- Preparations for the introduction of product or process innovations, such as
design, prototype manufacture

0.475 66.81

Cooperation with market
partners (B4)
Importance: 0.220
Performance: 11.85

1- Cooperation with other companies within the enterprise group 0.282 14.08
2- Cooperation with clients or customers 0.245 19.72
3- Cooperationwith suppliers of equipment, materials, components, or software 0.260 13.39
4- Cooperation with competitors or other enterprises in the sector 0.213 03.33

Cooperation with knowledge
partners (B5)
Importance: 0.155
Performance: 17.60

1- Cooperation with universities or other higher education institutions 0.226 24.74
2- Cooperation with government research institutes 0.260 11.16
3- Cooperation with consultants, commercial labs, or private R&D institutes 0.273 09.66
4- Awarding of R&D contracts to third parties (R&D outsourcing) 0.240 32.49

Reconfiguring (C)
Importance: 0.242
Performance: 32.14

New marketing methods and
strategies (C1)
Importance: 0.134
Performance: 29.27

1- New media or techniques for product promotion, introduction of brands 0.328 31.75
2- New methods for product placement or sales channels (incl. new ways to
present products and services)

0.337 35.32

3- New methods of pricing goods and services 0.335 25.37
New management practices
(C2)
Importance: 0.589
Performance: 36.52

1- New business practices for organizing procedures (i.e. supply chain
management, knowledge management, etc.)

0.343 46.51

2- New methods of organizing work responsibilities and decision making (i.e.
teamwork, decentralization, etc.)

0.322 40.30

(continued on next page)
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Table A2 (continued )

Capabilities First-order constructs Indicators (Routines) Importance
(Total effects)

Performance
(Index values)

3- New methods of organizing external relations with other firms or public
institutions (i.e. first use of alliances, partnerships, outsourcing, etc.)

0.335 27.44

New manufacturing-related
processes (C3)
Importance: 0.286
Performance: 23.45

1- New development or significant improvement of process technology- (scale
range: 0e3)

0.250 42.55

2- Source inputs, allocate supplies within the firm, deliver products (supply
chain processes)- (dummy)

0.750 34.73

Note: All total effects (importance) larger than 0.10 are significant at the a� 0.10 level. The bold values indicate the highest total effect and highest performance value of the
indicators (organizational routines) per upper-level constructs.
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