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Purpose: The paper examines the mediating effect of dynamic capabilities (sensing, seizing,
and reconfiguring) on the relationship between critical resources (financial, human, and
physical) and Polish green innovative companies’ performance.
Design/methodology/approach: The paper combines the Resource-Based View of the Firm
with Dynamic Capabilities View and applies them to eco-innovation performance. The study
is quantitative and was conducted among 54 Polish green innovative companies. Hierarchical
regression analysis was used to test the research hypotheses.

Findings: The results indicate that sensing and seizing opportunities mediate the relationship
between all types of resources and eco-innovators’ performance. Moreover, reconfiguring the
resource base mediates the relationship between human resources and Polish green innovative
companies’ economic output.

Research limitations/implications: The results of the study indicate that a specific set of
resources is not always enough to enhance green innovative companies’ performance.
Therefore, there is a need for dynamic capabilities. Such capabilities lead to the development
of resources and their dynamic adaptation to technological and market changes. The findings
may contribute to a broader scientific discussion on the specificity of eco-innovative activity
and its conditions in the Polish economy.

Originality/value: The paper is the first to examine — to the author’s best knowledge —
the mediating effect of multidimensional dynamic capabilities on the relationship between
critical resources and Polish green innovative companies’ performance.

Keywords: resources; dynamic capabilities; performance; eco-innovation.
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1. Introduction

Frequently used in academic research, the Resource-Based View (RBV) emphasizes the
importance of the firm’s resources as the basis for gaining competitive advantage (Barney,
1991; Epelbaum, and Martinez, 2014; Andersén, 2021). RBV (which is relatively static)
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considers the firm as a set of diverse resources that differentiate it from its competitors.
Moreover, this approach assumes that these resources are heterogeneously distributed among
competing firms (Helfat, and Peteraf, 2003; Li-Ying et al., 2016). An extension of the RBV is
the Dynamic Capabilities View (DCV), which (consistent with its dynamic nature) describes
how a company’s resources evolve to provide a relatively sustainable competitive advantage
(Teece, 2007; Liao et al., 2017). Several alternative approaches to dynamic capabilities have
been offered in the literature (Teece et al., 1997; Eisenhardt, and Martin, 2000; Zollo, and
Winter, 2002; Zahra et al., 2006). These views differ concerning the nature of dynamic
capabilities, their role, their effects, and the context they are developed (cf. Barreto, 2010).
Despite the existing differences, most researchers agree on the purpose of building dynamic
capabilities as a response to a changing environment.

As companies operate in a constantly changing environment (characterized by
unpredictability and discontinuity), there is a need to build dynamic capabilities. It is
particularly important in developed countries (e.g. EU countries), where companies have to deal
with the technological changes and the increasingly environmental challenges generated by
growing emissions of pollutants. The increasing scope of environmental restrictions, including
high and unstable energy prices, restrictiveness of environmental regulations (resulting from
the European Green Deal adopted by the European Commission), and the growing ecological
awareness of consumers imply the need to include environmental issues in companies’
activities. In such conditions, excessive concentration only on the resources may lead to —
in Leonard-Barton’s (1992) terminology — core rigidities, i.e. restriction of the scope and
directions of their future development.

The paper attempts to make a value-added contribution by integrating RBV and DCV and
extending them to the eco-innovation literature. The paper’s objective is to empirically examine
the relationship between key resources, dynamic capabilities, and performance among
the 54 most innovative companies in Poland that develop globally new green technology
solutions.

The results of the studies conducted in the literature indicate that, compared to conventional
innovation, eco-innovation requires a more significant commitment of resources (Horbach,
2008; Zhang, and Walton, 2017) and their new combinations due to the higher level of
uncertainty of the generated ecological solutions (Poznanska, 2018). Moreover, the specific
nature of these innovations and the resources used in their development create a ‘natural’
imitation barrier for competitors. Second, the diversity of eco-innovative changes indicates that
green strategies are not limited to maintaining the status quo but include proactive actions to
anticipate future regulations or consumer demands (Klewitz, and Hansen, 2014).
Such a posture, as Meredith (1995) notes, constitutes a defensive strategy of a proactive nature
and, by definition, requires specific capabilities through which firms can build, integrate,
and reconfigure their resources, adapt them to a changing environment, and transform them into

efficiencies (cf. Bartoszczuk, 2018; Wysocki, 2019). Simultaneously, despite the growing
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number of studies treating the importance of dynamic capabilities, many researchers
(Ambrosini et al., 2009; Easterby-Smith et al., 2009; Barreto, 2010) emphasize that the concept
still needs empirical confirmation. Moreover, embedding a multidimensional view of dynamic
capabilities in eco-innovation (at the micro-level of analysis) is a matter explored to a relatively
limited extent (del Rio et al., 2016; Hazarika, and Zhang, 2019). This study seeks to fill this gap

in theoretical (research framework) and empirical (verification of research hypotheses) layers.

2. Theoretical Framework

2.1. Resource-Based View and Dynamic Capabilities View

Both RBV and DCV are very popular in the literature for explaining the sources of a firm’s
competitive advantage and enhancing performance. The RBV, developed by Penrose (1959),
argues that a firm’s competitive advantage is determined by its critical resources, which,
according to Barney’s VRIN framework, should be: valuable (should have value), rare,
and firm-specific (meaning that they cannot be widely distributed in a given sector and must be
closely identifiable with a specific firm, making them difficult for competitors to acquire),
imperfectly imitable (due to their intangible and unique nature), and non-substitutable.
Resources are categorized in the literature into several specific typologies and include financial
resources, human resources, physical resources, and technological resources (Grant, 1991).
The other typology is to distinguish tangible resources (financial and physical) and intangible
re-sources (del Rio et al., 2016), including the qualifications and skills of organizational
members that require learning and accumulating difficult to replicate experiences.

The RBV perspective, although sometimes criticized for being tautological (Chahal et al.,
2020), provides an effective strategy based on the unique resources that define the firm position
relative to competitors (Li-Ying et al., 2016). The assumption of the leading role of critical
resources and the explanation of their synergistic impact on firm performance are also the basis
of other related theories, i.e., Knowledge-Based View of the Firm (KBV) (Grant, 1996);
Relational RBV (Andersén, 2021) according to which resources can extend beyond
organizational boundaries and can be embedded in inter-organizational activities and
procedures; and Natural RBV (Hart, 1995; Hart, and Dowell, 2010) which emphasizes the
environmental impact of firm’s resources.

Since RBV is relatively static and fails to explain the sources of a company’s competitive
advantage operating in a dynamically changing environment (Barreto, 2010), the Dynamic
Capabilities View (Teece et al., 1997; Teece, 2007; Liao et al., 2017) has attracted increasing
attention from researchers. This view suggests that resources can be a source of competitive

advantage only to the extent that a firm can develop, integrate, and configure them using
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specific capabilities. Because DCV is based on similar assumptions as RBV, researchers
conceptualize them as complementary perspectives that explain the multidimensional effects of
resource configuration on firm performance (Ambrosini, and Bowman, 2009; Li-Ying et al.,
2016).

2.2. Conceptualization of Dynamic Capabilities

The literature emphasizes that dynamic capabilities are a subset of a broader construct —
organizational capabilities (Wojcik-Karpacz, 2017), defined by Helfat and Peteraf (2003,
p- 999) as the abilities ‘to perform a coordinated set of tasks, utilizing organizational resources,
for the purpose of achieving a particular end result’. Following the impact of capabilities on the
company’s development, dynamic capabilities (second-order capabilities) can be distinguished
from operational capabilities (ordinary, substantial, functional, first-order). Teece et al. (2016)
indicate that a firm’s ordinary capabilities are a measure of its technical fitness and,
by definition, do not prevent creative destruction processes. Developing the typology proposed
by Collis (1994) and relating it to innovation, Danneels (2002) distinguishes (1) first-order
capabilities that involve the tangible and intangible resources needed for innovation,
and (2) second-order capabilities (dynamic capabilities) crucial to identify, evaluate,
and incorporate new technological and customer competences, as well as new knowledge and
skills that lie beyond the specific domain. Similarly, Ambrosini et al. (2009) capture the first
category as the resource base, and Winter (2003) suggests that building higher-order
capabilities depends on the costs and benefits of investments relative to ad hoc problem-solving.

The most commonly cited definition of dynamic capabilities provided by Teece et al. (1997,
p. 516) states that dynamic capabilities are ‘the firm’s ability to integrate, build, and reconfigure
internal and external competencies to address rapidly changing environments’. The researchers
emphasize the role of path dependencies, and organizational learning, referring to the
evolutionary perspective. Moreover, they argue that dynamic capabilities are usually built
rather than bought; hence (as in RBV), they are heterogeneous and can be a source of relatively
sustainable competitive advantage in a rapidly changing market environment (Teece et al.,
1997; Teece, 2007; Barreto, 2010).

A different research context adopted by Eisenhardt and Martin (2000) indicates that the
nature of dynamic capabilities depends on the firms’ environment characteristics. In moderately
dynamic markets, dynamic capabilities can be viewed as organizational routines; in high-
velocity markets, they manifest as simple, highly experiential, and fragile processes that rely
on rapidly created new knowledge.

The paper refers to the most popular in the literature view of dynamic capabilities by Teece
etal. (1997) and Teece (2007), who distinguish sensing, seizing, and reconfiguring capabilities.
Building on the studies of Wilden et al., (2013), and Fainshmidt and Frazier (2017),
it is assumed that sensing and seizing are immanently related; moreover, as Danneels (2016)

argues, they can even be captured as antecedents of resource reconfiguration.
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Sensing involves scanning, searching, and exploring both technological and market
changes. It requires maintaining close relationships with customers, suppliers, and R&D
partners, and other stakeholders (Wilden et al., 2013) and understanding latent demand, the
structural evolution of sectors and markets, and the anticipated responses of various parties
(Teece, 2007). Seizing involves evaluating and exploiting identified technological and market
opportunities. It requires investing in selected projects and technologies that are most likely to
be accepted by the market (Teece, 2007; Wilden et al., 2013). Finally, once an opportunity is
identified, the firm may need to reconfigure its resources to adapt to the changing reality.
Reconfiguring, therefore, involves a firm’s ability to recombine and reconfigure its resources
in response to both internal and external changes (Teece, 2007). The described
conceptualization of dynamic capabilities is well-established. It has been used both in
theoretical (Teece, 2007; Fallon-Byrne, and Harney, 2017) and empirical studies (Wilden et al.,
2013; Gajendran et al., 2014; Fainshmidt, and Frazier, 2017). Therefore, it was also used in the

empirical studies presented in this paper.

3. Research model and hypotheses

Pacheco et al. (2017) indicate that financial, human, and physical resources are crucial for
eco-innovation. Based on the systematic literature review, the researchers conclude that
generating new solutions is connected to organizational R&D expenditures. Similarly, Horbach
(2008), Segarra-Oiia et al. (2011), and Doran and Ryan (2016) argue that the total spending
increasing the stock of technical knowledge (as a result of undertaking R&D activities)
determines the eco-innovative orientation of firms. Regarding human resources, Bossle et al.
(2016) and Damanpour (1991) note that the diversity of skills and experiences of organizational
members allows for the creation of more diverse teams in which innovation (and eco-
innovation) is more likely to be generated. Del Brio and Junquera (2003) emphasize the need
for training organizational members to strengthen their environmental awareness,
and Dangelico (2016) highlights the critical role of recruiting environmental professionals.
Similarly, Triguero et al. (2013) indicate that highly qualified staff (including managers and
employees with environmental knowledge) increases eco-innovation. Effective eco-innovation
activities also require physical resources, including machines and equipment, laboratories,
and other R&D units and technical infrastructure, i.e., energy and infrastructure facilities,
essential in high-technology sectors. Physical resources ensure the protection of organizational
processes from disruptions (Lichtarski, 2007) and their stability, reflected in the continuity of

conducted eco-innovative activities.
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However, a firm’s resources may lose the VRIN characteristic in a dynamically changing
environment. Failure to match resources to changing external conditions may result in core
rigidity (Leonard-Barton, 1992). Based on the Dynamic Capabilities View, this paper assumes
that all interrelated dimensions of dynamic capabilities — i.e., sensing and seizing opportunities
as well as reconfiguring the firm’s resource base — enhance the efficiency of resource allocation

necessary for eco-innovation performance (figure 1).
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Figure 1. Theoretical framework.

Sensing and seizing opportunities are critical for effective innovation development
(Gajendran et al., 2014; Liao et al., 2017). Such activities do not occur independently of a firm’s
existing resource base (Teece, 2007; Wilden et al., 2013). Instead, they result from the
knowledge and skills of employees and the financial and physical resources within the firm.
Without a critical base of resources, a company lacks the essential ingredients to enter into
effective relationships with customers, suppliers, and universities, participate in professional
associations, and follow best practices (Teece, 2007; Wilden et al., 2013). Often, it is possessed
resources that make a firm more responsive and take full advantage of the opportunities and
threats in its environment (Liao et al., 2017). For example, better technical equipment and
higher levels of R&D investment enable firms to pursue multiple green research projects
simultaneously. Such a strategy often leads to their crossover. A condition for this strategy is
developing innovative human resources, embodying the creativity of organization members
with their expertise in specific domains.

On the other hand, both sensing and seizing are crucial to mobilize the resources necessary
for the effective generation of eco-innovation (Dangelico et al., 2013; Huang, and Li, 2017).
Firms that scan and explore the environment for technological and market changes and then
seize the identified opportunities can increase their environmental knowledge and strengthen
the efficiency of their use of financial and physical capital. In summary, the greater a firm’s
ability to sense and seize opportunities, the greater the degree of resource utilization. Based on
the above argumentation, it can therefore be assumed that:

H1: Sensing and seizing opportunities mediate the relationship between (a) financial
resources; (b) human resources; (c) physical resources and green innovative companies’

performance.
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Reconfiguring involves recombining the existing resource base to respond to technological
and market changes (Teece, 2007). Besides, because resources are generally dispersed within
a firm, reconfiguration requires efficient communication and employee engagement
(Fainshmidt, and Frazier, 2017) and internal accumulation and mobilization of financial and
physical resources (Gajendran et al., 2014). Reconfiguring capabilities support firms in
maintaining evolutionary fitness (Zhou et al., 2019) and strengthening organizational change
(Gajendran et al., 2014; Dangelico et al., 2017), leading to increased efficiency of the resource
base. This occurs through intra-organizational knowledge sharing, including but not limited to
establishing new departments focused on creating eco-innovation or interdisciplinary teams
dedicated to developing new environmental technologies (Dangelico et al., 2017). In summary,
the greater a firm’s ability to recombine and reconfigure financial, human, and physical
resources, the greater the degree to which they are effectively used in the process of generating
eco-innovation. Based on the above argumentation, it can therefore be assumed that:

H2: Reconfiguring the resource base mediates the relationship between (a) financial
resources; (b) human resources; (c) physical resources and green innovative companies’

performance.

4. Research methodology

To test the developed research hypotheses, a survey was conducted among 54 of the most
eco-innovative Polish companies. The respondents are the winners of the 2009-2015 Program
of the Ministry of Climate and Environment ‘GreenEvo Green Technology Accelerator’
(1st round of research) as well as they were selected by the Specialist Observatory in
Technologies for Environmental Protection (2nd round of research). This research is part of
a re-search project on eco-innovation management in Polish companies and was carried out in
early 2019 using the CATI (Computer Assisted Telephone Interview) method. Due to the desire
to research the most eco-innovative Polish companies, a non-random sampling was decided.
However, this results in limited representativeness of the sample due to its purposeful selection
and relatively small size.

The measurement scales used in the conducted survey research are derived from the
literature and include statements concerning multidimensional dynamic capabilities, resources,
and performance of the companies. For measuring sensing and seizing, the operationalization
by Wilden et al. (2013) was used. An important reason for the choice was that the developed
scales were retested (for reliability and validity) and then used in a study by Fainshmidt and
Frazier (2017). To measure reconfiguring, a research scale developed two years later by Wilden

and Gudergan (2015) was adapted. This scale is more detailed than the 2013 scale and therefore
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captures a broader range of issues. All items were measured on an interval Likert scale ranging
from 1 — ‘strongly disagree’ to 7 — ‘strongly agree’ with a statement.

The estimated level of R&D expenditures measured financial resources compared to the
main competitors in the sector; human resources — the number of eco-innovative employees in
the total number of organizational members, and physical resources — owned machinery and
equipment, technical infrastructure and laboratories, and other R&D units compared to the main
competitors in the sector. A similar measurement of resources was used in their study by
Xu et al. (2010) and Pichlak (2012).

Finally, the performance measurement was based on five statements relating to average net
profit rate, return on equity, return on assets, return on sales, and the ability to finance growth
from profits in 2017-2019. The measurement scale used is an operationalization of the
performance developed by Eddleston et al. (2008). Again, a seven-point Likert scale was
used — respondents were asked to rate their own company compared to major competitors in

the sector (from 1 — ‘much worse’ to 7 — ‘much better’).

5. Analyses and Results

The first step in data analysis was to conduct a Confirmatory Factor Analysis (CFA) to
check the proposed structure of dynamic capabilities. The results showed that the values of the
chi-square statistic do not exceed three times the number of degrees of freedom, which is
an acceptable result. Moreover, the approximation errors (RMSEA) remain below the limit
level of 0.1, while TLI and CFI exceed or are close to 0.9. The obtained results indicate that the
degree of matching of the model to empirical data is satisfactory.

In the next step, a reliability and validity analysis of the measurement scales was conducted.
For this purpose, the following parameters were estimated: Cronbach’s Alpha (CA), composite
reliability (CR), average variance extracted (AVE), and maximum shared variance (MSV).
The analysis showed that the reliability parameters (CA and CR) exceeded the thresholds
of 0.7 (Wilden, and Gudergan, 2015), whereas the AVE reached values above the required
threshold of 0.5 (Wilden et al., 2013). Moreover, the condition assuming that AVE should be
higher than MSV was met. The results of the reliability and validity analysis are presented in
Table 1.

Table 1.
Reliability of the measurement scales
Construct Mean SD CA CR AVE MSV
Sensing capability 4.42 1.17 0.725 0.815 0.527 0.069
Seizing capability 5.69 0.48 0.825 0.854 0.595 0.069
Reconfiguring capability 3.45 0.97 0.863 0.878 0.510 0.048
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In summary, the analysis showed that all scales have a satisfactory level of validity and
reliability.

To test the research hypotheses, an analysis based on hierarchical regression models was
conducted. Following Aiken and West (1991), the variables were centered to reduce the

potential problem of multi-collinearity. Table 2 shows the results of hierarchical multiple

regression.
Table 2.
The results of the Hierarchical Regression Analysis
Mediation — . L. .e Mediation —
Condition T Mediation — Condition II Condition TTT
Model 1 Model 2A Model 2B Model 3
B p B p B p B p
Firm Age”® 0.139 0.295 0.046 0.774 0.424 0.010 0.041 0.756
Control Firm Size” -0.386 0.031 -0.204 0.341 -0.200 | 0.343 -0.288 0.080
Variables Techn. domain 1 -0.132 0.274 -0.110 0.452 0.032 0.823 -0.111 0.315
Techn. domain 2 -0.055 0.639 -0.114 0.422 -0.064 | 0.645 -0.007 0.948
Financial Resources -0.345 0.049 0.373 0.073 0.095 0.603 0.266 0.051
Human Resources 0.425 0.021 0.348 0.041 0.378 0.043 0.435 0.060
Physical Resources 0.260 0.036 0.377 0.048 -0.103 0.633 0.176 0.302
. Sensing and seizing 0.269 0.030
Mediators Reconfiguring 0.213 0.034
R? 0.442 0.375 0.325 0.671
AR? 0.357 0.280 0.222 0.594
F (7,46) 5.203 4.391 2.596 5.728
p 0.000 0.001 0.024 0.000

~ natural logarithm. Technological domain: 1 — Water and sewage management. Technological domain
2 — Biodiversity conservation. The estimation of the parameters for adjusting models to empirical data
is based on the use of the least squares’ method.

The data presented in Table 2 show that the direct relationships between financial, human,
and physical resources and Polish green innovative companies’ performance are statistically
significant (Model 1). This result represents the first mediation condition’s fulfillment
according to the standard procedure proposed by Baron and Kenny (1986). The estimation of
Model 2A indicates that the relationship between human and physical resources and the
mediating variable (sensing and seizing opportunities) is statistically significant at the
probability level of 0.041 (B = 0.348) and 0.048 (B = 0.377), respectively. Regarding financial
resources, given the small size of the research sample, the estimation of model 2A only allows
to assume that there is a tendency for these resources to directly affect the analyzed dimensions
of dynamic capabilities (B = 0.373, p = 0.073). Moreover, the results of model 2B (estimated
for reconfiguring) indicate that only human resources directly affect the third dimension of
dynamic capabilities (B = 0.378, p = 0.043). Such results represent a partial fulfillment of the
second condition of mediation, according to which the relationship between independent
variables and mediators should be statistically significant.

Essential for testing the research hypotheses is the estimation of model 3 showing the
fulfillment of the third condition of mediation, according to Baron and Kenny (1986).
This condition states that the relationship between the independent variables and the dependent
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variable should be weaker after the mediating variables are included in the model.
The mediation analysis results (Model 3) indicate that the relationship between sensing and
seizing opportunities and performance is statistically significant at p = 0.030 (B = 0.269).
Such results — In the absence of statistically significant relationships between the independent
variables (resources) and the dependent variable (performance) — confirm Hypothesis HI
assuming that sensing and seizing opportunities mediate the relationship between (a) financial
resources; (b) human resources; (c¢) physical resources, and green innovative companies’
performance. On the other hand, the existence of a direct and statistically significant
relationship between reconfiguring and performance (B = 0.213, p = 0.034) and the absence of
a relationship between resources and performance (Model 3) only confirms Hypothesis H2b
assuming that reconfiguring the resource base mediates the relationship between human
resources and green innovative companies’ performance. As mentioned earlier, concerning
financial and physical resources, the second mediation condition in Model 2B was not found.
Therefore, the obtained results do not confirm Hypotheses H2a and H2c assuming that
reconfiguring the resource base mediates the relationship between financial and physical

resources, and green innovative companies’ performance.

6. Discussion and Conclusion

The objective of the paper was to empirically examine the relationship between crucial
resources, dynamic capabilities, and eco-innovators performance. Based on Teece et al. (1997)
and Teece (2007), the paper focuses on examining the mediating role of dynamic capabilities
(sensing and seizing, reconfiguring) on the relationship between financial, human, and physical
resources and the performance of Polish green innovative companies.

The results indicate that sensing and seizing mediate the relationship between all types of
resources (financial, human, and physical) and firms’ performance. Such results confirm the
theoretical findings according to which sensing capability (related to scanning, searching,
and exploring technological and market changes) strengthens the use of various resources.
It allows the collection of information necessary for the effective generation of eco-innovation
by learning about markets, customers, competitors, and the external environment (Horbach,
2008; del Rio et al., 2016; Doran, and Ryan, 2016; Sopinska, and Dziurski, 2018). Similarly,
seizing capability (related to systemic assessment of existing capabilities) (Wilden et al., 2013;
Gajendran et al., 2014; Liao et al., 2017) entails making investments in owned tangible and
intangible assets (Fainshmidt, and Frazier, 2017).

Surprisingly, the results indicate that reconfiguring mediates the relationship between
human resources and Polish green innovative companies’ performance. Thus, it appears that

employees’ environmental knowledge (as a result of sensing and seizing opportunities) most
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likely triggers subsequent resource reconfiguration processes and thereby reduces
organizational inertia. In other words, reconfiguring capability generates value by building
problem teams, periodically changing the organizational structure, etc. All these actions extend
the knowledge necessary for developing new green technological solutions. Moreover,
such results confirm the findings of other studies according to which attitudes, behaviors,
and interpersonal relationships among organizational members are essential factors that enable
reconfiguration (Fainshmidt, and Frazier, 2017). It is the knowledge of employees that
facilitates the mobilization of relevant resources when there is a real need to make
organizational changes.

In summary, the study results indicate that dynamic capabilities (representing a company’s
potential for systematic problem solving) may determine the effective use of resources crucial
for generating eco-innovation. Such results may be an important indication for management
practice despite several of their limitations (purposeful selection of the research sample and its
small size and subjective methods of measuring variables). Thus, an extension of the analysis
and the most important direction for future research may be to conduct longitudinal studies as
well as repeat quantitative research in other contexts and on other (larger) populations.

The findings presented in this paper support the argument of Eisenhardt and Martin (2000)
that firms with similar dynamic capabilities may create and develop different bundles of
resources and consequently have different levels of performance. It is essential concerning
Polish green innovative companies, whose activities are conditioned not only by institutional
pressure (Green Deal) but also by the need for a more significant commitment of resources than

the development of conventional innovation.
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