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Abstract This study explores the links between knowledge base, relationship 
learning, and green innovation performance within a coopetitive framework. We 
posit that green innovation is directly influenced by a broad and deep knowledge 
base. We also hypothesize that the knowledge base–green innovation performance 
link is positively mediated by relationship learning (indirect effect). These hypoth-
eses were empirically tested using consistent partial least squares path modeling. 
A sample of 112 firms from the Spanish automotive components manufacturing 
sector was used. The mediating effect of relationship learning on the knowledge 
base–green innovation performance link was observed to be positive and significant. 
Therefore, managers should build strong relations with stakeholders to assimilate, 
transfer, and adapt new knowledge and thus enhance green innovation performance.
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1 Introduction

In recent decades, heightened concern for environmental issues, stricter regula-
tions, the proliferation of international environmental protection conventions, and 
greater consumer environmentalism have led companies to develop strategies and 
policies that are linked to the environment. Green innovation performance measures 
firms’ efforts in terms of environmental management and sustainable practices to 
assess how well these firms comply with their environmental protection obligations 
(Chen et al. 2006). Green innovation allows firms to meet stakeholders’ demands for 
maximizing production without harming the ecosystem (Albort-Morant et al. 2016). 
Thus, environmental issues have become vital to organizations’ corporate strate-
gies because of stricter environmental regulations and greater stakeholder demands. 
Green innovation arises as a corporate reaction to internal changes (cultural shifts, 
managerial approach, etc.) and external changes (i.e., market trends, stakeholder 
preferences, normative frameworks, and social demands). Organizations must con-
tinually improve their products and processes with agility and speed to attain sus-
tainable competitive advantages.

In light of economic and social globalization, it is hard to imagine how green 
innovation strategies can effectively occur if they are not at the core of coopetitive 
(cooperative and competitive) relationships among firms. Ritala et al. (2016, p. 1) 
report that “in particular, research has shown that coopetition can facilitate innova-
tion among firms, networks, and ecosystems.” A paradigmatic example of a coopeti-
tive relationship is the agreement that Toyota and General Motors signed in the 
1980s. As reflected in Gast et al. (2015, p. 493), “although being two of the largest 
competitors on the automobile market, they decided to enter a coopetitive agreement 
and set up a jointly-owned plant in the US.”

Numerous scholars have defined coopetition. Kraus et  al. (2017, p. 2) offer a 
clear, concise definition of coopetition as “the simultaneous competition and collab-
oration between rival firms operating in the same markets.” According to Levy et al. 
(2003), coopetition combines competitive and collaborative elements. This mixture 
differentiates coopetition from other kinds of interfirm collaboration. Whatever the 
purposes and motivations that underlie coopetitive tendencies in partner selection 
(Kraus et al. 2017), coopetition entails not only risks, but also positive externalities 
through the development of certain capabilities.

This benefit of coopetition includes the reinforcement and development of 
knowledge-based capabilities such as knowledge creation, knowledge trans-
fer, and knowledge absorption (Loebecke et  al. 1999). In addition, the extent 
to which companies rely on joint knowledge management activities because of 
their immersion in coopetitive contexts enhances firms’ knowledge base and 
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relationship learning capability (Hamel 1991; Levy et al. 2003). In fact, strategic 
alliances are a pillar of coopetitive strategy because such alliances entail collabo-
rative links with competitors and other stakeholders (Gast et  al. 2015). Hamel 
(1991) affirms that coopetition in the form of strategic alliances with external 
partners might offer firms the chance to absorb external knowledge and compe-
tencies as well as efficiency in terms of knowledge accumulation.

According to the knowledge-based view, knowledge is an essential strategic 
resource to generate new value creation and competitive advantage (Grant 1996). 
Their knowledge base gives companies the possibility and ability to understand 
and use new knowledge to resolve problems, make decisions, and innovate (Ahuja 
and Katila 2001). Therefore, companies must develop the competencies to build 
a deep and broad knowledge base that nurtures itself from internal and external 
knowledge sources. This knowledge base can then reinforce and support the inno-
vation process and the launch of green, innovative products and services.

This sort of innovation may involve a shift in the attitudes of companies that 
seek to develop close relations with stakeholders and partners (Lettice et  al. 
2010) and access external knowledge. Therefore, companies must work closely 
with stakeholders to share knowledge, skills, and a mutual goal to become 
greener (Chiou et  al. 2011). Such efforts are particularly important for SMEs, 
where knowledge about suppliers, customers, partners, and competitors results 
from personal contact between organizational members and stakeholders.

For example, in companies that operate through supply chains or projects, 
developing strong client–supplier relationships is essential for effective, efficient 
management. To attain and sustain green relationship learning, ensuring coop-
eration among parties is critical. Therefore, strengthening relationship learn-
ing is vital to the firm’s knowledge base and the effective attainment of green 
innovations.

Numerous studies have highlighted the need to reinforce networks and coopera-
tive ties, which are fundamental drivers of organizational success and green inno-
vation performance (Cainelli et  al. 2015; De Marchi 2012; Lin and Chang 2009). 
For instance, Lin and Chang (2009) report the positive impact of green relationship 
learning on green innovation performance for a sample of Taiwanese manufacturing 
firms. According to De Marchi’s (2012) study of Spanish manufacturing firms, for-
mal cooperation with external partners is more important for green innovation than 
for other types of innovation. Leal-Millán et al. (2016) showed the positive effects of 
developing information technology capability and fostering relationship learning on 
green innovation performance and customer capital. Similarly, Albort-Morant et al. 
(2016) describe the ties between dynamic capabilities and green innovation perfor-
mance, introducing relationship learning as a mediating variable.

Building on Albort-Morant et al.’s (2016) study, our goal is to prove that relation-
ship learning mediates the relationship between knowledge base and green innova-
tion performance. We believe that companies with a strong knowledge base need to 
relate and learn from stakeholders to update their environmental knowledge base and 
thereby drive their green innovation performance. Therefore, when companies share 
knowledge with suppliers and customers in supply chain management activities, 
they improve their knowledge base and capabilities through relationship learning.
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Recently, the cooperation literature has grown, expanding its focus on the progress 
of core firm competencies and capabilities (Leal-Millán et al. 2017). In SMEs, collabo-
ration with competitors, suppliers, and customers is vital to create effective green inno-
vations because organizations must extend the knowledge creation process beyond the 
company.

Nevertheless, the mediating role of relationship learning in the link between 
knowledge base and green innovation performance has been neglected. To the best 
of our knowledge, no empirical research has been conducted on this topic. This paper 
responds to these concerns and targets the aforementioned gaps in the literature on 
knowledge base, green innovation performance, and relationship learning. The green 
perspective that underlies our analysis constitutes an innovative contribution to the 
coopetition literature.

According to Devece et al. (2017, p. 3), “the number of published articles on coope-
tition is increasing rapidly, with a point of inflection around the year 2000. Despite this 
growth, however, the coopetition literature remains relatively scarce.” A major research 
gap relates to the organizational consequences of coopetition (Gast et al. 2015). This 
paper also covers this gap by analyzing an issue that has yet remained unexamined in 
the coopetition literature, namely the role of coopetition in strengthening knowledge-
based capabilities and green innovation performance.

Given that knowledge base and green innovation performance are positively related 
and that there is a need to know which other coopetitive organizational mechanisms/
capabilities managers must activate to improve the success of green innovations, this 
study addresses the following question: How does the presence of relationship learning 
(as an ordinary capability) affect the link between knowledge base and green innova-
tion performance? This paper theorizes and examines this central question, evaluating 
whether relationship learning mediates the knowledge base–green innovation perfor-
mance link. Thus, we analyze a model that describes the links between knowledge base, 
relationship learning, and green innovation performance. We shed light on whether and 
how the deployment of a strong relationship learning capability (in coopetition with 
a range of stakeholders and competitors) accentuates the effect of a broad and deep 
knowledge base on industrial firms’ green innovation performance.

The study is organized as follows: Sect. 2 presents the primary theoretical foun-
dations, the research model, and the hypothesis. Section 3 describes the empirical 
analysis of a dataset consisting of data on 112 companies in the Spanish automo-
tive components manufacturing sector (ACMS). Section  4 presents the results of 
the analysis using consistent partial least squares (PLSc) path modeling, a variance-
based structural equation modeling technique. Finally, Sect. 5 discusses the results, 
implications for research and practice, and future lines of research.

2  Literature review

2.1  Coopetition

The term coopetition was coined to describe cooperative competition. The essential 
beliefs of coopetitive organizations have been explained in game theory, a scientific 
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field that emerged in 1944 with the publication of John von Neumann and Oskar 
Morgenstern’s book Theory of Games and Economic Behavior. Game theory was 
subsequently developed through John Forbes Nash’s work on non-cooperative 
games. Coopetition can occur in interorganizational or intraorganizational spheres.

Intrafirm coopetition occurs between individuals or operative divisions or units 
inside the same company. Drawing upon game theory and social interdependence 
theory, several studies have explored simultaneous cooperation and competition 
between departments or operational units—the antecedents of coopetition—and the 
influence on knowledge sharing behaviors (Loebecke et  al. 1999). The concept of 
“coopetitive knowledge sharing” was developed to explain mechanisms whereby 
coopetition influences effective knowledge sharing practices in cross-functional 
teams (Ghobadi and D’Ambra 2012). The core argument is that while organizational 
teams need to cooperate, they are likely to experience strain due to diverse profes-
sional values and conflicting objectives from different cross-functional departments.

At the interfirm level, coopetition happens when companies with certain overlap-
ping interests work together. They collaborate with each other to boost value crea-
tion yet compete to attain competitive advantage. Coopetition routinely occurs when 
firms in the same market work together to explore knowledge and new products 
while competing to gain market share and exploit knowledge that has been created at 
different stages of the value chain (Fernandes and Ferreira 2017). For example, the 
PSA group (Peugeot-Citroën) and the Japanese company Toyota share components 
for a small car, which is marketed by each company as the Peugeot 107, the Toyota 
Aygo, and the Citroën C1. This agreement has numerous benefits such as cost cut-
ting, resource complementarity, and knowledge or high-tech transfer.

Coopetition may also involve different companies in a supply chain, as in the 
ACMS. Despite difficulties and risks such as lack of confidence, a major advantage 
is the knowledge that results from relationship learning.

In this paper, we assume that coopetition provides the ideal scenario for devel-
oping organizational capabilities that are linked to both knowledge base enhance-
ment and relationship learning and that may improve firms’ green innovation perfor-
mance. The theoretical linkages between these three constructs are discussed in the 
research framework and hypothesis section.

2.2  Knowledge base

According to the knowledge-based view of the firm, knowledge is a key strategic 
resource for companies that aim to generate and maintain sustainable competitive 
advantages (Grant 1996). Although knowledge is produced and spread across the 
company, it potentially enhances organizational value by boosting proficiency while 
enabling better reactions to new, unexpected, or unusual situations. The increasing 
relevance of knowledge as a fundamental organizational resource has led managers 
to pay more attention to developing knowledge management strategies. Thus, the 
knowledge-based view recommends firms to develop, absorb, and apply managerial 
knowledge to attain superior organizational performance (Nonaka 1994) because 
knowledge is arguably a firm’s most important resource (Spender 1996).
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An organization’s current knowledge base establishes its prospects and capabili-
ties to recognize the value of new knowledge and apply it to decision-making, prob-
lem solving, or innovation (Ahuja and Katila 2001). Zhou and Wu (2010) report 
that a firm’s present knowledge base (i.e., its knowledge breadth and depth) repre-
sents the firm’s main source of organizational innovativeness. Knowledge breadth 
and depth are the two components that shape an organization’s knowledge base. 
They reflect the firm’s primary knowledge structures and contents. Knowledge 
depth refers to the degree of intricacy and sophistication of a firm’s knowledge base 
(Bierly and Chakrabarti 1996). Knowledge depth corresponds to the vertical dimen-
sion of knowledge—exclusivity, complexity, and specificity. Knowledge breadth 
refers to the horizontal dimension of knowledge—the heterogeneity of the firm’s 
knowledge base (Zhou and Li 2012).

Knowledge can be divided into several dimensions: the systemic dimension (data, 
information, and knowledge), the ontological dimension (individual–social), and the 
epistemological dimension (explicit–tacit). A firm’s knowledge base nurtures itself 
from a variety of internal and external knowledge sources. Some knowledge is more 
difficult to manage or articulate. Retaining some knowledge within the company is 
difficult. Therefore, effectively managing the firm’s knowledge base is a valuable 
way to create and sustain new sources of competitive advantage (Grant and Baden-
Fuller 2004).

2.3  Relationship learning

In stakeholder theory and the resource-based view of the firm, interorganizational 
connections are based on mutual individual stakeholders’ contributions to shared 
value creation (Haslam 2004). Drawing upon these theoretical perspectives, this 
study examines the concept of relationship learning. In the current socioeconomic 
context, organizations deliberately share information and knowledge with suppliers, 
customers, and other partners to mutually enhance their knowledge bases and com-
petencies and thereby support the innovation process.

Our theoretical background primarily builds on the approach of Selnes and Sal-
lis (2003, p. 86), who coined the concept of relationship learning, defining it as “a 
joint activity in which two parties strive to create more value together than they 
would create individually or with other partners.” Therefore, companies strive to 
collaborate with specific partners that enable the improvement of future behaviors 
and increase the benefits that are associated with such relationships. Cheung et al. 
(2011) denote relationship learning as a joint activity between buyers and suppli-
ers in which two parties share information. According to Selnes and Sallis (2003), 
relationship learning has three dimensions: information sharing, joint sensemaking, 
and knowledge integration. We focus on the joint sensemaking dimension of rela-
tionship learning. We consider that this dimension most accurately fits the behavior 
of ACMS firms within supply chain relationships. It is crucial for ACMS firms to 
build common understanding and joint sensemaking with their primary customers 
(large automakers). This is consistent with the views of Leal-Millán et  al. (2016, 
p. 448), who state that “organisations in a customer–supplier relationship introduce 
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management meetings, face-to-face communications in visit programmes, informal 
interpersonal networks, task-forces teams and cross-functional teams as instruments 
to solving operational problems in the relationship, and creating joint learning are-
nas.” Thus, only through these face-to-face meetings and personal relationships 
between both firms’ employees can tacit knowledge (the richest form of knowledge) 
be effectively shared and assimilated (Nonaka 1994). Accordingly, joint sensemak-
ing is the most critical dimension of relationship learning (Selnes and Sallis 2003).

Normally, the exchange of knowledge between parties in supply chain coopera-
tion represents a relationship-specific component of understanding and cohesion. 
Nevertheless, the groups might differ in the way they grasp and perceive the same 
information (i.e., sensemaking). Alternatively, they might lack the right knowledge 
to make sense of this information. Thus, companies may use an array of mecha-
nisms to foster joint sensemaking (i.e., face-to-face communication during visit pro-
grams, management meetings, informal or personal networks, and project-based and 
cross-functional teams). Such instruments guide firms along their cooperative path, 
creating joint learning areas and solving the operational problems that are inherent 
to relationships.

2.4  Green innovation performance

Green innovation performance measures the extent to which organizations develop 
innovations that reduce or minimize environmental damages, impact, and deteriora-
tion while optimizing the use of natural resources (Albort-Morant et al. 2016, 2017; 
Chang and Chen 2013; Chen et al. 2006). As a strategy, green innovation offers great 
opportunities to meet buyers’ requirements while preserving the ecosystem (Albort-
Morant et  al. 2016, 2017). Customers around the world increasingly seek to buy 
products and services that are ecological, environmentally conscious, eco-friendly, 
or green. The “green” tag offers a real incentive for firms to develop nonstop inno-
vation, craft new market opportunities, and comply with new consumer requests, 
thereby building and enhancing customer capital (Leal-Millán et al. 2016).

To carry out environmental procedures, companies develop new processes, prod-
ucts, technologies, and/or management strategies that are designed to raise effec-
tiveness. We adopt Chen et  al.’s (2006, p. 332) definition of green innovation as 
“hardware or software innovation that is related to green products or processes, 
including the innovation in technologies that are involved in energy-saving, pollu-
tion-prevention, waste recycling, green product designs or corporate environmental 
management.”

Chang (2011) conceptualized green innovation as a particular type of innova-
tion that enables a company to improve its corporate image, develop new markets, 
and extend its competitive advantage while satisfying stakeholders’ environmental 
protection requests. Likewise, Leenders and Chandra (2013) affirm that green inno-
vation entails product or process innovations that deal with technological develop-
ment for pollution prevention, recycling, waste reprocessing, energy saving, and 
eco-efficient design. Hashim et al. (2015) argue that this sort of innovation reduces 
organizations’ environmental footprint by embracing significant shifts in corporate 



 G. Albort-Morant et al.

1 3

strategy, product design methods, productive processes, resource use, and waste 
treatment procedures. In our research model, we focus on green innovation perfor-
mance to capture the outcomes of firms’ green innovation efforts.

3  Research framework and hypothesis

3.1  The mediating effect of relationship learning on the knowledge base–green 
innovation performance link in a coopetitive context

Innovation involves the invention and application of new or novel ideas about prod-
ucts, services, or processes. Nowadays, many firms are pressed to embrace active 
strategies that address the growing importance of environmental issues. According 
to Chesbrough (2003), companies should use external and internal ideas to generate 
successful green innovation processes and products. Accordingly, the starting point 
of numerous green innovations might be a partner’s ideas and proposals (Koc and 
Ceylan 2007).

Such a starting point might apply to most ACMS companies that are involved in 
coopetitive networks. Consistent with Dagnino and Padula (2002), simple network 
coopetition is shaped by coopetition among multiple companies at one level of the 
value chain. In car manufacturing, buyer–supplier relationships are often under the 
parallel sourcing, as opposed to sole sourcing, framework (Richardson 1993). Often, 
parallel buyers (e.g., Renault) choose two or three suppliers, at least one of which 
is from the internal market (Dagnino and Padula 2002). This relationship structure 
serves to keep extensive transmission of materials and knowledge about process 
techniques among the distinct members throughout the supply chain. Commitment 
to long-term cooperation does not imply the abandonment of competition between 
suppliers. In fact, Japanese car manufacturers have traditionally trusted multiple 
suppliers that are entrenched in a multi-tier system more than their American coun-
terparts have.

The key to blending cooperation and competition lies in the firms’ inclination 
to work with suppliers to resolve technical or financial issues, rather than replac-
ing them immediately with alternative sources (i.e., non-switching). ACMS compa-
nies may also supply their products (i.e., automotive equipment and components) to 
different end customers (i.e., large automakers). The tire industry exemplifies net-
work coopetition. An agreement was signed by several key actors in the tire indus-
try. This agreement involved a particular automotive component. Despite remaining 
fierce rivals, four competitors—Michelin, Goodyear, Pirelli, and Dunlop—jointly 
designed and commercialized the PAX system, which has been made available in 
some Renault and Audi automobiles.

A firm’s resources and capabilities are among the main sources of competitive 
advantage and business innovation. Firms’ knowledge management and organiza-
tional learning strategies are greatly influenced by these firms’ knowledge-related 
resources and capabilities such as technical competencies, technological updates, 
knowledge bases, and the management and storage of organizational know-
how. Arguably, the main driver of knowledge management is the firm’s stock of 
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knowledge, which is the set of accumulated knowledge resources and knowledge-
based capabilities that the firm has gathered (Leal-Millán et al. 2017).

Knowledge is a key strategic resource for companies that seek to sustain envi-
ronment-based competitive innovations. Since knowledge is created and shared 
throughout the company and across different partners, knowledge potentially gener-
ates shared value by increasing the ability to react and respond to new, unexpected 
situations. Growing concerns regarding the importance of knowledge and learning 
mechanisms and their role as key resources and capabilities has inspired managers 
to appreciate and build relationships that are based on learning strategies.

Companies that collaborate with stakeholders to develop relationship learning 
processes might leverage their knowledge bases by retrieving and absorbing perti-
nent knowledge from clients, suppliers, competitors, and other partners. Therefore, 
the establishment of strategic alliances, collaborations, or partnerships might effec-
tively improve the basis of green organizational innovativeness through the sharing 
of complementary sets of resources and capabilities (Cheng 2011). Firms can also 
use joint ventures, interorganizational networks, R&D consortium agreements, and 
sector clusters to become more innovative (Doz et  al. 2000). The creation of col-
laborative networks between organizations and stakeholders may become a crucial 
step in this development (Bossink 2002).

Therefore, cooperation and knowledge exchange with external agents leads to 
knowledge generation and absorptive capacity enhancement, which in turn may 
improve the firm’s innovation outcomes and overall performance (Akgun et  al. 
2007). Firms are urged to develop joint learning-based activities involving their 
clients, suppliers, intermediaries, and other partners. In these activities, different 
parties share environmental or green knowledge (De Marchi 2012; Leal-Rodríguez 
et al. 2013).

In short, developing relationship learning mechanisms should enhance suppli-
ers’ understanding of clients’ needs, improve customization through green knowl-
edge exchange between client and supplier, and increase the firm’s green innovation 
capacity (Kohtamäki and Partanen 2016; Leal-Millán et  al. 2017). Therefore, the 
presence of these relational learning mechanisms should improve green innovation 
performance (Fig. 1): 

H1 Relationship learning mediates the link between the firm’s knowledge base 
and green innovation performance.

4  Method

4.1  Sample and data collection

This study examined firms in the innovative, knowledge-intensive Spanish ACMS. 
We focused on this sector for three reasons. First, the Spanish automotive sector 
is the second most important in Europe and the eighth worldwide. Nine vehicles 
manufactures operate in Spain: Ford, Renault, Mercedes, Nissan, Renault, Peugeot, 
Opel, Seat, and Citroën. The sector’s main strengths are high productivity, a highly 
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qualified labor force, high investment in R&D, sophisticated machinery, and com-
petitive component and auxiliary industries. Second, this sector is obliged to mini-
mize waste generation (Santini et al. 2011), so companies must comply with strict 
environmental regulations. Finally, this industry is characterized by a high presence 
of alliances or cooperative actions between stakeholders. Component manufacturers 
should provide a service that satisfies the needs of their primary clients (i.e., large 
vehicle manufacturing firms). For example, component manufacturers can design 
and produce reused and recycled parts, use recycled materials, reduce residual 
waste, and limit the use of dangerous or harmful substances in the production pro-
cess (Gerrard and Kandlikarb 2007).

The sample was collected from a list of firms provided by Sernauto (www.ser-
nauto.es), the Spanish association of automotive components and equipment manu-
facturers. According to the Sernauto Annual Report (2015), Sernauto’s associated 
companies account for more than 85% of the sector’s revenue and range from SMEs 
to large national and international groups. Of the 960 companies in this sector, we 
selected 387 that, according to their corporate reports, have green innovation pro-
cesses and practices. This study used an offline survey to gather the data.

As a preliminary step in the data collection procedure, we pre-tested the survey 
using a three-step process. First, we administered the survey questionnaire to expert 
researchers. Second, we distributed the questionnaire to managers of local compa-
nies. After these two rounds, we debriefed respondents and adapted some of the sur-
vey items to improve their fit to this study. Lastly, we translated the questionnaire 
(originally in English) into the language of the research context (Spanish) to aid 
respondents’ understanding.

This survey was distributed following a two-stage process. First, to avoid non-
response bias, we sent an invitation letter explaining the purpose of the study and 
guaranteeing that participants’ responses would be voluntary, anonymous, and con-
fidential. In addition, we offered respondents an executive summary of the research 
findings in return for answering the questionnaire accurately. Afterward, we mailed 
the survey to top executive managers at these firms. We obtained 112 usable sur-
veys (28.94% response rate). This low response rate might be because respondents 

Fig. 1  Research model

http://www.sernauto.es
http://www.sernauto.es
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were top executives. Nevertheless, the low response rate seemed not to be a serious 
concern following assessment of generalizability using two nonresponse bias tests. 
We evaluated potential nonresponse bias using a set of t-tests that contrasted early 
survey responses with late responses in terms of all key constructs in the model. 
Responding firms were also compared with non-responding firms in terms of size 
and performance. No significant differences between the two groups were observed. 
This finding suggests that nonresponse bias was not a problem. Table 1 shows the 
respondents’ demographic characteristics.

4.2  Measures

The questionnaire design was based on the extensive literature review in Sect.  2. 
The questionnaire consisted of previously validated scales, where all item responses 
were measured on a seven-point Likert scale ranging from 1 (strongly disagree) to 
7 (strongly agree). The scale for measuring relationship learning was adapted from 
Selnes and Sallis (2003). We used the joint sensemaking dimension of relationship 
learning as a measure because this dimension accurately describes the behavior of 
stakeholders in the automotive sector.

The knowledge base construct was measured using a seven-item scale that was 
adapted from Zhou and Li (2012). This scale divides the knowledge base into two 
dimensions: knowledge breadth and knowledge depth. Although this construct has 
two dimensions, several authors such as Leal-Rodríguez et al. (2013) have modeled 
the construct as a unidimensional measure, indicating that these companies build a 
knowledge base that is simultaneously broad and deep. Moreover, the effectiveness 
of a firm’s knowledge base requires both breadth and depth, especially in innova-
tion-related activities. In the case of the firm’s absorptive capacity, both potential 
and realized absorptive capacity (Zahra and George 2002) must be used. Similarly, 
both subsets of knowledge base are equally necessary and complementary to gain 
knowledge-based competitive advantages.

Table 1  Survey respondents’ 
demographics

Characteristic Number Percentage (%)

Gender
Male 98 88
Female 14 12
Age
30–40 years 7 6
41–50 years 49 44
51–60 years 40 36
Over 60 years 16 14
Size
Less than 50 employees 83 74
50–249 employees 18 16
More than 250 employees 11 10
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Finally, to measure green innovation performance, we adapted Chen et  al.’s 
(2006) eight-item scale. Although Chen et al. (2006) distinguished between green 
product and process innovation performance, we measured green innovation per-
formance as a unidimensional measure because we assumed that both product and 
process innovations are equally fundamental for attaining superior green innovation 
performance. Also, as Chang and Chen (2013) report, most green product innova-
tions in the industrial context require parallel green process innovations. This uni-
dimensional measurement of green innovation performance is consistent with prior 
studies, which have adopted the same approach (e.g., Chang and Chen 2013; Leal-
Rodríguez et al. 2017). Firm size was used as a control variable. Previous studies on 
green innovation have shown that size affects green innovation propensity, stressing 
SMEs’ difficulties regarding the complexity that is inherent to green innovations and 
the investments that are required to switch to greener processes and technologies 
(De Marchi 2012).

4.3  Data analysis

Consistent partial least squares (PLSc) path modeling is a variance-based structural 
equation modeling technique (Dijkstra and Henseler 2015; Henseler et  al. 2016). 
This method allows the combined use of latent variables that represent concepts that 
are grounded in theory and data from manifest variables. PLSc was used to assess 
the measurement model (i.e., the reliability and validity of the measures) and to esti-
mate the structural model (i.e., the modeled relationships between constructs).

Use of PLSc was justified for the following reasons (Henseler et al. 2016): First, 
we used latent variables as composites. Second, the research model had reflective 
latent variables (Henseler 2017) that were used to define a state where perceived 
variables were equally dependent upon another variable which was not itself 
observed. As the model had reflective variables, it was analyzed using the “Mode 
A consistent” approach. Third, the research model used non-normal data. Fourth, 
the study consisted of exploratory analysis. We used ADANCO 2.0 software to test 
the validity and statistical significance of the measurement and structural models, 
respectively (Henseler and Dijkstra 2015).

5  Results

Following Henseler et al. (2016), we assessed the PLSc model in three phases: (1) 
determining the global model assessment; (2) verifying the reliability/validity of the 
measurement model; and (3) assessing the significance of the paths (relationships 
between constructs) within the structural model.

5.1  Global model

The global model assessment requires the use of goodness-of-fit measures. These 
measures are based on means of bootstrap-based tests of the model fit over the least 
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squares and the maximum likelihood and the geodesic discrepancy between the 
empirical and the model-implied correlation matrix (Dijkstra and Henseler 2015). 
The original SRMR value met the cut-off value that is suggested by Hu and Bentler 
(1999). Table  2 shows that all the deviations were insignificant because the 95% 
bootstrap quantiles of the value of the three measures were bigger than the original 
values (Henseler et al. 2016).

5.2  Measurement model

Following Henseler et  al. (2016), we assessed the exact goodness of fit of the 
saturated model. The values of SRMR, dULS, and dG were lower than the corre-
sponding HI95 values (Table 3). The evaluation of the measurement model yielded 
acceptable results. All indicators and dimensions met the requirement of reliabil-
ity because their outer loadings were greater than 0.707 (Table  4). Only some of 
the outer loadings were slightly less than this critical value. Nevertheless, they were 
retained to support the content validity of the scales. Only two items were removed 
from the knowledge base construct because their outer loadings were low. All sec-
ond-order reflective (superordinate) constructs (relationship learning and knowl-
edge base) and the first-order construct (green innovation performance) complied 
with the requisite of construct reliability because their composite reliabilities and 
Dijkstra–Henseler’s indicator (Rho_A) were greater than 0.7. Table 5 shows that all 
variables had discriminant validity, according to the HTMT criterion (Henseler et al. 
2015), thereby providing evidence that green innovation performance, relationship 
learning, and knowledge base are distinctive constructs.

5.3  Structural model

Following Hair et  al. (2014), a bootstrapping technique (5000 re-samples) was 
employed to generate standard errors and t-statistics to assess the statistical signifi-
cance of the links that were described in the two research models. Table 6 shows 

Table 2  Goodness of model fit 
(estimated model)

Fit measures Original value HI95

SRMR 0.08 0.09
dULS 0.99 1.27
dG 0.51 1.21

Table 3  Goodness of model fit 
(saturated model)

Fit measures Original value HI95

SRMR 0.08 0.09
dULS 0.99 1.27
dG 0.51 1.21
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the main parameters that were obtained for the model in the structural assessment. 
The adjusted coefficient of determination  (R2) was used as the main criterion for the 
explained variance, which is shown in the dependent construct as path coefficients 
that are depicted in the models. These results confirm that the structural models had 
acceptable predictive relevance for the endogenous constructs of relationship learn-
ing and green innovation performance.

The model comprised the total link between knowledge base and green innova-
tion performance. Our results provide support for the total relationships between 
knowledge base and relationship learning (0.214*; 2.110), knowledge base and 
green innovation performance (0.197***; 3.787), and relationship learning and 
green innovation performance (0.620***; 7.78). This case is a necessary but not 

Table 4  Measurement model: loadings, construct reliability, and discriminant validity

Construct/dimension/indicator Outer loadings Dijkstra–Hense-
ler’s rho (Pa)

Average variance 
extracted (AVE)

Knowledge base (KB) 0.829 0.532
KB1 0.916
KB2 0.426
KB3 0.223
KB4 0.554
KB5 0.761
Relationship learning (RL) 0.960 0.888
RL1 0.963
RL3 0.915
RL3 0.853
RL4 0.956
Green innovation performance (GIP) 0.965 0.787
GIP1 0.924
GIP2 0.894
GIP3 0.896
GIP4 0.744
GIP5 0.776
GIP6 0.921
GIP7 0.958
GIP8 0.803

Table 5  Measurement model: 
discriminant validity

Heterotrait-monotrait ratio of correlations (HTMT)

KB RL GIP
KB
RL 0.165
GIP 0.305 0.659
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sufficient condition for the indirect effect of knowledge base on green innovation 
performance through relationship learning (Nitzl et  al. 2016). Consequently, we 
tested whether a × b was also significant. This model also showed that the indirect 
effect (H1 = 0 .1329*; 2.027) was significant.

To estimate the indirect effect of knowledge base on green innovation perfor-
mance, PLSc analysis provided 95% bootstrap confidence intervals for the indirect 
effect. If 0 was absent from the interval for an indirect effect, the indirect relation-
ship differed significantly from zero with a 95% confidence level. Our study showed 
partial (complementary) mediation because the indirect and direct effects were sig-
nificant. This result implies that relationship learning partially mediates the effect 
of knowledge base on green innovation performance. The results in Table 6 confirm 
that the structural model was satisfactory.

6  Discussion and conclusions

Recent studies have explored the existence of a direct link between knowledge base 
and green innovation performance (Albort-Morant et al. 2016; Leal-Rodríguez et al. 
2013) and between relationship learning and green innovation performance (Cainelli 
et al. 2015; De Marchi and Grandinetti 2013). The mediating effect of relationship 
learning on the link between knowledge base and green innovation performance, 
however, has scarcely been explored. Building on prior studies, this paper presents a 
model that explores this mediating effect.

The empirical analysis shows that the total and indirect effects of knowledge base 
on green innovation performance are positive and significant. The structural model 
supports the hypothesis that a firm’s knowledge base positively affects green innova-
tion performance through reconfiguration and enhancement of relationship learning 

Table 6  Structural model results

t-values in parentheses; bootstrapping 95% confidence intervals bias corrected in square brackets (based 
on n = 5000 subsamples)
ns not significant
***p  <  .001, **p  <  .01, *p  <  .05 (based on t(4999), one-tailed test); t(0.05, 4999)  =  1.645, t(0.01, 
4999) = 2.327, t(0.001, 4999) = 3.092

Original coef-
ficient

Model 95% confidence intervals

R
2

RL
 = 0.037

R
2

GIP
 = 0.465

a: KB → RL 0.214 0.214* (2.110) [0.047; 0.432] Sig.
c’: KB → GIP 0.329 0.197*** (3.787) [0.191; 0.528] Sig.
b: RL → GIP 0.619 0.620*** (7.786) [0.455; 0.763] Sig.
H1: KB → RL → GIP 

(Indir. effect)
0.133 0.1329* (2.027) [0.0279; 0.277] Sig.
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capability. The analysis provides evidence of this indirect effect of knowledge base 
on green innovation performance via relationship learning.

According to these findings, a company’s knowledge base affects green inno-
vation performance, but this effect is greater if the company shares and compares 
information with stakeholders through relationship learning. This study shows that 
a strong organizational knowledge base and knowledge acquisition and creation 
through coopetitive relationship learning are vital for firms to achieve high green 
innovation performance.

This study makes some noteworthy contributions for academics and practition-
ers. First, it sheds light on the conceptualization of knowledge base, relationship 
learning, and green innovation performance. Green innovation might become a key 
variable for researchers and executives because it potentially acts as a catalyst for 
achieving high organizational performance and attaining competitive advantages. 
Second, drawing on the knowledge base, relationship learning, and green innovation 
performance literatures, we propose a research model that explores the mediating 
link between these constructs. Third, we present the results of empirical hypothesis 
testing for a sample of 112 Spanish ACMS firms. In addition, this study contributes 
to the resources and capabilities literature by demonstrating that the existence of 
competitive advantage (here, effective green innovations) requires not only a set of 
powerful resources (e.g., a broad and deep knowledge base), but also certain capa-
bilities (e.g., relationship learning) to develop these resources through interorganiza-
tional cooperative and competitive relations.

This study has major practical implications for strategic managers of manufac-
turing firms who seek a green knowledge base to improve green innovation perfor-
mance. The green innovation performance in these companies is often highly condi-
tioned by prior accumulation of associated knowledge in the knowledge base.

We provide the theoretical and empirical foundations for further analysis of green 
innovation performance of firms in the ACMS. In a context of close cooperation 
and competition, ACMS companies can gather interesting information on the lat-
est environmental changes within the sector. Therefore, these companies should 
establish and strengthen ties with stakeholders, thereby forming a partnership rather 
than a traditional customer–supplier relationship. Accordingly, knowledge base and 
relationship learning should be among the key resources and capabilities that are 
encouraged at the managerial level to achieve better green innovation performance. 
Our results reveal that fostering a strong relationship learning capability (in coopeti-
tion with a broad set of stakeholders and competitors) enhances the effect of a broad 
and deep knowledge on the green innovation performance of industrial firms.

This study nonetheless has certain limitations. First, although this study provides 
evidence of causality, the analysis did not test causality itself. Second, the analysis 
was based on the subjective perceptions of the respondents, and to elicit insights 
from respondents, a single method was used. Finally, this study was conducted for a 
single geographic context (Spain) in a single sector (ACMS). Therefore, researchers 
must be cautious when generalizing these results and conclusions to other settings.

Based on the implications and limitations that can be derived from this study, 
the following lines of future research would prove interesting. First, scholars should 
examine the moderating effect of certain managerial variables that we expect to 
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influence green innovation performance. Second, scholars should also adopt a lon-
gitudinal approach to collect data at different times. Doing so would enable verifica-
tion of the hypotheses that are captured by our research model. Third, replicating 
this study in a different geographic context or sector would be helpful to generalize 
our insights and conclusions. Fourth, the circular relationship between knowledge 
base and relationship learning should be studied because these two variables may 
complement one another. Finally, other key drivers of green innovation performance 
could be incorporated into future research models.
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