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Abstract
Existing research highlights the importance of sourcing external knowledge in manufactur-
ers’ innovative processes. Specifically, supplier involvement in new product development 
(NPD) has been widely analysed but without conclusive results. To shed light on this mat-
ter, this paper provides a deeper insight by analysing the indirect effects in the relationship 
between supplier involvement and two NPD dimensions (efficiency and effectiveness). In 
particular, it examines R&D collaboration with supporting organisations as a mechanism 
by which knowledge provided by suppliers may lead to better innovation performance. 
This study focuses on 155 high-tech and medium–high-tech Spanish firms to test indirect 
effects through the PROCESS macro. The results show that while there is a positive and 
significant indirect effect of supplier involvement on NPD efficiency through R&D col-
laboration with supporting organisations, that indirect effect is not significant in increasing 
NPD effectiveness. This research contributes to the literature on inter-organisational net-
works and NPD by analysing the effects of supplier involvement on NPD through the role 
played by supporting organisations, with different empirical evidence for each NPD dimen-
sion and practical implications.

Keywords New product development · Networks · Suppliers · Supporting organisations · 
R&D collaboration

JEL Classification O32: Management of Technological Innovation and R&D

1 Introduction

In this increasingly competitive and dynamic environment, in addition to developing new 
products for the market, innovative firms need also to produce these to a given lead time, 
stick to cost targets and meet strict quality standards, among other requirements (Suur-
mond et al., 2020; Yeniyurt et al., 2014). As a result, firms rely on a diverse network of 
collaborators to obtain, create and combine different sources of knowledge with the aim 
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of achieving new product configurations (Delgado-Verde et  al., 2013; Poppo & Zenger, 
2002; Stojčić, 2021; Xia, 2013). Supplier involvement has been considered a particularly 
valuable external source of knowledge, increasing firms’ innovative performance (Hoegl 
& Wagner, 2005; Kaufmann & Tödtling, 2001). This is because suppliers with successful 
involvement in new product development (NPD) may help firms have advantages over their 
competitors in terms of the technologies used and developments in cost and time (Belder-
bos et al., 2015).

However, the empirical evidence on the role of suppliers in innovative performance 
is inconclusive (e.g. Johnsen, 2009; Primo & Amundson, 2002; Suurmond et  al., 2020) 
because while some studies have found a positive direct effect (e.g. Song & Di Benedetto, 
2008; Thomas, 2013; Un et al., 2010), others have found a non-significant or even a nega-
tive one (e.g. Cruz-González et  al., 2015; Koufteros et  al., 2005; Yan & Dooley, 2013). 
In this sense, the first group understood that new knowledge provided by suppliers gives 
access to useful knowledge, since it differs from that held by the firm and is specialised 
while also being suitable for combining with the firm’s knowledge to achieve better inno-
vation performance (Un et al., 2010). Furthermore, suppliers make investments in equip-
ment or training, therefore supporting the firm’s own R&D investments, resulting in advan-
tages such as faster response times and better use of potential market opportunities (Song 
& Di Benedetto, 2008; Thomas, 2013). In contrast, Koufteros et  al. (2005) argued that 
partnering with suppliers to attain better innovation results involves risk, time and financial 
resources because there are problems associated with collaborating with unqualified sup-
pliers. In addition, other complications arise from the lack of alignment of interests and 
actions, that is, uncooperative and uncoordinated behaviour, respectively (Yan & Dooley, 
2013).

This lack of consensus may arise from the need to pay attention to other agents that 
also have contact with firms. As a result, studies on links between different partners have 
received less attention and much of the research has compared the effect of suppliers with 
the effect of other external sources of knowledge—end-users, competitors and supporting 
organisations—without clearly stating the different role in innovative performance played 
by each kind of inter-organisational collaboration (Amara & Landry, 2005; Fritsch & 
Franke, 2004; Keld Laursen & Salter, 2006; Tödtling et al., 2009).

Along with supplier involvement, R&D collaboration with supporting organisations, 
such as research institutes, universities, technical consultants, etc., has been considered 
one of the most important sources of external knowledge when explaining new product 
development (NPD) (Hervas-Oliver et al., 2011; Sofka & Grimpe, 2010; Un et al., 2010). 
The influence of supporting organisations on NPD has evolved from being associated with 
obtaining basic research towards playing an active and critical role in transferring knowl-
edge along with all the NPD processes (Tödtling et  al., 2009). R&D collaboration with 
supporting organisations stimulates the generation of more advanced innovation, as these 
organisations provide experience, ideas and knowledge that help when developing new 
products (Amara & Landry, 2005). In the specific case of universities, firms which col-
laborate with them gain technological economies of scope and increased commercialisa-
tion options (Cunningham & Link, 2014), thus enhancing innovation performance from 
two NPD dimensions: efficiency and effectiveness, respectively. The first dimension refers 
to issues relating to development speed and costs, and the second refers to aspects related 
to quality and market requirements.

Establishing R&D collaboration with supporting organisations, as well as suppliers, 
through their involvement in NPD, has a direct and independent effect on innovation per-
formance. However, it may also have an indirect effect understood from two viewpoints: (i) 
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supporting organisations can act as a bridge for the influence of suppliers on innovation. 
They provide know-how derived from other innovation agents to which they are connected, 
helping to apply knowledge gained from suppliers in the development of successful inno-
vations (Ehls et al., 2020; Lambooy, 2004); and (ii) relationships with suppliers provide a 
body of knowledge to allow for the comprehension and application of the knowledge from 
supporting organisations that might otherwise be difficult for firms to understand given its 
characteristics (Sofka & Grimpe, 2010).

Given these questions, we propose to evaluate the influence of suppliers and supporting 
organisations on the NPD performance of firms, understanding R&D collaboration with 
supporting organisations to be a key condition for developing knowledge from suppliers. In 
this, supporting organisations are understood to be “repositories of knowledge” (McEvily 
& Zaheer, 1999), relationships with suppliers to be an enabling condition for leveraging 
R&D collaboration with supporting organisations and supplier involvement to be “memo-
ries of the network” (Soda et  al., 2004). That is, firms that follow a supplier-supporting 
organisation path in their relationships will improve their NPD performance.

Considering the above, this study addresses the following research questions: Do dif-
ferent inter-organisational R&D relationships contribute to improving innovation perfor-
mance in a combined way? Is there some kind of integration between the knowledge pro-
vided by the different external agents with whom the firm maintains a relationship? What 
role does each external agent play in achieving the different elements of NPD performance 
(efficiency vs effectiveness)?

Therefore, we aim to contribute by building on the existing theory about the influence of 
different inter-organisational knowledge relationships on NPD performance using an “indi-
rect effects” analysis. We contribute to the current literature in three ways. First, the inno-
vation literature has led to more research on how different inter-organisational relationships 
affect firms’ capacities to develop knowledge. However, most research has been focused on 
the independent contribution that each kind of collaboration makes (Cruz-González et al., 
2015; Ehls et  al., 2020). In this research, we propose a model whereby R&D collabora-
tion with supporting organisations helps with integrating knowledge from suppliers and 
whereby knowledge developed through supplier involvement acts as an input to facilitate 
R&D collaboration with supporting organisations. In the academic literature, there are sev-
eral approaches to address external collaboration designed to improve innovation perfor-
mance, such as the Transaction Cost Perspective, the Resource-Based View, and the The-
ory of Organisational Learning. Specifically, we mainly start from the Knowledge-Based 
View (Grant, 1996; Kogut & Zander, 1992) and the Social Capital perspective (Adler & 
Kwon, 2002; Nahapiet & Ghoshal, 1998; Phelps et al., 2012) to explain how firms lever-
age knowledge and specific routines acquired in their relationships with suppliers into their 
R&D collaboration with supporting organisations. Suppliers and supporting organisations 
form a network of relationships around a firm that condition its learning ability and its 
capacity to collectively create new knowledge inside the network (Ahuja et al., 2012; Ink-
pen & Tsang, 2016). In this sense, organisational learning also plays an important role in 
understanding the successful running of inter-organisational networks.

Second, we contribute to the literature by splitting the concept of NPD performance 
into two main dimensions: efficiency and effectiveness, since prior studies have not ade-
quately recognised these (Suurmond et  al., 2020). We do this through consideration of 
different inter-organisational relationships. Innovation performance is the result in rela-
tion to the product’s efficiency, in terms of lower costs or a shorter time to market, and its 
effectiveness, understood as the quality of the products and their market success (Brown 
& Eisenhardt, 1995). Although these are closely related dimensions, previous studies on 
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new product development have associated the lack of consensus in explaining NPD per-
formance with a failure to consider these dimensions (e.g. Brown & Eisenhardt, 1995; 
Chang & Taylor, 2016; Chiang & Wu, 2016). By considering these two dimensions, we 
can more effectively disentangle how different inter-organisational relationships affect 
NPD performance.

Finally, we contribute by extending previous studies that have evaluated the role of sup-
porting organisations on innovation (Cruz-González et al., 2015; Un et al., 2010; Vázquez-
Carrasco et  al., 2016) by including these two dimensions of NPD performance. In this 
sense, some studies have found that supporting organisations are a useful source of pure 
scientific knowledge, considering them more effective for developing advanced innova-
tions than for applied research focusing on commercialisation, but not clearly considering 
the specific mechanisms that explain this relationship (Grigouriou & Rothaermel, 2017; 
Tödtling et al., 2009; Xia & Dimov, 2017). In terms of the two dimensions of NPD perfor-
mance, it can be argued that supporting organisations increase NPD efficiency by lowering 
production costs and speeding up the process, while NPD effectiveness is more related to 
how supporting organisations help to identify new commercial demands or products of a 
higher quality than the existing ones.

Below, the hypotheses are developed from the consideration of the existing litera-
ture on how supplier involvement affects the two dimensions of NPD. The sample and 
measures for the variables, as well as the validation methods and empirical findings, are 
then explained. Finally, the conclusions, implications, and limitations, along with future 
research directions, are presented.

2  Theoretical framework

Acquisition of external knowledge from different sources has become a central issue in 
developing new products and, therefore, obtaining competitive advantages (Chen et  al., 
2011; Laursen, 2012; Stojčić, 2021; West & Bogers, 2014). Supplier involvement, as a type 
of collaboration to access external knowledge, plays an important role in NPD. Specifi-
cally, we must consider the extent of this involvement, which consists mainly of supplier 
development responsibility or design integration (Suurmond et al., 2020).

There are different approaches to understanding how collaboration with different agents 
can benefit innovation. From a transaction-cost perspective, collaborations are mainly 
understood as an alternative to developing input-related activities inside the firm. In this 
sense, the boundaries of the firm, and consequently the scope of cooperative agreements 
with suppliers and clients, are determined by ex-post opportunism arising from the hold-
ing up of specific investments and misappropriation of proprietary knowledge (Santos & 
Eisenhardt, 2005; Teece, 1986). In order to offer a deeper understanding of organisational 
boundaries, Santos and Eisenhardt (2005) proposed a broader view and established four 
organisational boundary conceptions in their work. In addition to the conception linked 
more directly to transaction costs, that is, boundaries of efficiency, one of these refers to 
the boundaries of competence. This last one is understood as the strategic logic of set-
ting boundaries to maximise the opportunity value of the resource portfolio, giving way to 
another important approach, the so-called Resource-Based View.

In the Resource-Based View, which highlights the importance of firms’ internal fac-
tors for attaining a sustainable competitive advantage (e.g. Barney, 1991; Grant, 1991; 
Wernerfelt, 1984), factors with intangible characteristics, which are scarce and valuable, 
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could be key when it comes to accessing external knowledge with the aim to develop 
new products. Specifically, given that NPD is a knowledge-based activity and simulta-
neously a social-interaction process (Liu et al., 2012), Social Capital Perspective (Adler 
& Kwon, 2002; Nahapiet & Ghoshal, 1998) provides a useful approach to analyse the 
relationship between supplier involvement and NPD. That is because it shows how the 
characteristics of the social relationships and networks established by firms influence 
their ability to access, transfer, absorb and apply knowledge among firms. Although 
closely linked to the Knowledge-Based View (Kogut & Zander, 1992; Nonaka, 1994), 
Social Capital Perspective changes the point of view from an autonomous, self-reliant 
view of a firm’s actions and outcomes to one that is essentially relational. In addition, 
all these arguments are applied to R&D collaboration with supporting organisations, 
which will be integrated into our research model.

More to the point, given the importance of developing relational capabilities, a suc-
cessful R&D collaboration between different partners -in our case both suppliers and 
supporting organisations- depends on the joint learning process (Bäck & Kohtamäki, 
2016). “Learning processes are driven by experience” (Levinthal & March, 1993), so 
prior knowledge plays a key role when a firm wants to acquire new external knowl-
edge and achieve better innovation results from collaborative efforts between parties. 
Taking a step forward, joint learning is understood as a relational dynamic capability 
which provides collaborative advantages for all partners (Huikkola et al., 2013). There-
fore, external R&D interactions also reflect the importance of paying attention to the 
Theory of Organisational Learning, since through the development of learning capa-
bilities the parties involved in R&D collaboration can identify improvements relating to 
cost, speed, quality or reliability in NPD, as argued by Selnes and Sallis (2003) in their 
analysis of customer–supplier relationships.

All of the above provides the basis for establishing the relevance of organisational learn-
ing from R&D collaboration with external agents by developing collaboration routines, 
especially in high-technology areas (Wagner, 2010), where relational capability learning 
can ensure that new useful knowledge is obtained and subsequently appropriately and suc-
cessfully used. This way, R&D collaboration with supporting organisations facilitates the 
integration of knowledge received from suppliers and knowledge emerging from supplier 
involvement provides an input to assist in R&D collaboration with supporting organisa-
tions. This is because relationship learning is a process which improves future behaviour in 
a relationship and develops a competitive advantage (Selnes & Sallis, 2003).

Particularly, suppliers can provide valuable and specialised knowledge on new technolo-
gies, advising on new design ideas or providing feedback on all the processes involved in 
the design of the product (Wagner, 2010). They can bring experience to the firm from the 
early stages of the development of new products, supplying the components and equipment 
needed through coordinated efforts, reducing any design errors that may appear (Suur-
mond et al., 2020; Takeishi, 2001). This collaboration with suppliers allows for better NPD 
results, in terms of both efficiency and effectiveness.

Therefore, suppliers’ design and technology expertise is an important aspect of the NPD 
process and it is essential to carry out parallel engineering and/or manufacturing design 
to achieve better NPD (Birou & Fawcett, 1994). In particular, these authors argue that 
integrated product development brings several advantages, such as “reduced development 
lead times with fewer costly redesigns; better communication and a subsequent reduction 
in duplicated efforts; substantial cost savings from higher productivity and lower mainte-
nance; or more reliable products with fewer recalls and enhanced customer satisfaction” 
(p.5). All of these represent the main aspects covered by the two NPD dimensions: faster 
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development times and lower production unit costs (efficiency); and better reliability and 
overall product quality (effectiveness) (Primo & Amundson, 2002).

In relation to efficiency, collaboration with suppliers leads to reduced times and costs 
due to a reduction in the complexity of the design project, which in turn results in faster 
and more productive product development. In addition, the intensive participation of sup-
pliers in NPD can result in the anticipation of potential future problems, leading to such 
problems being resolved more easily and faster as they are addressed in a timely manner 
(Brown & Eisenhardt, 1995). This will lower costs while improving speed to market.

In relation to effectiveness, collaboration between suppliers and manufacturing firms 
also leads to improvements in product quality and market requirements, since suppliers 
provide important knowledge about the overall product concept and its architecture, which 
can result in better products (Suurmond et al., 2020). In fact, Ragatz et al. (2002) assert 
that suppliers often help modify products in real-time, allowing companies to meet market 
requirements through a better fit and finish for the products.

Taking these arguments as the main ideas behind the benefits of supplier involvement 
in NPD, we proceed to break down the path followed by companies to achieve better NPD 
results by considering the role played by supporting organisations within this process, as 
explained above.

2.1  Supplier involvement prior to R&D collaboration with supporting organisations

Supplier involvement has been proven to be particularly suitable for providing detailed 
knowledge about components, interdependencies between different elements of new prod-
ucts or even for designing the overall resulting product (Suurmond et al., 2020). It tends to 
be of limited novelty for the firm, but easily accessible and quite specialised in the industry 
(Un et al., 2010).

Compared with suppliers, supporting organisations tend to provide broader knowledge, 
which is more novel since it is the result of integrating different perspectives and agents 
(Cruz-González et al., 2015; Stuart et al., 2007; Zaheer & George, 2002). These support-
ing organisations possess a rich stock of physical and social capital, as well as the services 
of expert researchers and practitioners, and this can increase success in NPD (Lambooy, 
2004; Soetanto and van Geenhuizen, 2015). So, supporting organisations are character-
ised by their wide range of knowledge sources. Since this knowledge is mostly tacit, firms 
establishing a collaboration with them need to develop specific routines and procedures 
that provide a kind of relational capability learning. In addition, each firm has a learning 
process determined by its prior and historical knowledge and its capacity to incorporate 
new knowledge depends on its existing stock of knowledge, which is the consequence of 
relationships developed with other partners (Teece et  al., 1997; Zahra & George, 2002). 
This way, prior experience in making network connections is an important factor in devel-
oping successful collaborations (O’Dwyer et al., 2022). Thus, firms that have previously 
developed relationships with suppliers are better able to integrate the knowledge provided 
by supporting organisations into new products, since knowledge provided by suppliers 
acts as an enabling condition for successful R&D collaboration with supporting organi-
sations. Therefore, firms involved in relationships with suppliers have a greater interest 
in and capacity for developing R&D collaboration with supporting organisations since 
they find it easier to learn from them. By developing relationships with suppliers, firms 
develop superior inter-firm knowledge-sharing routines that are not specific to the transac-
tion with suppliers but applicable to collaboration with other agents. From this perspective, 
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inter-organisational relationships are a path-dependent process where prior relationships 
shape not only the sources of complementary knowledge but also the “memories of the 
network” (Soda et al., 2004) in terms of routines, procedures and practices developed along 
with alliance development (George et al., 2002). Based on that, we propose:

Hypothesis 1 Supplier involvement will be positively related to R&D collaboration with 
supporting organisations.

2.2  The influence of R&D collaboration with supporting organisations on NPD 
performance

Firms tend to be involved in a variety of inter-organisational relationships so that they 
can benefit from access to valuable and complementary knowledge (Cruz-González et al., 
2015; Gulati, 1998). Supporting organisations, such as universities, research institutes and 
technical consultants, are also a source of useful knowledge for NPD (Ahuja, 2000; Baum 
et al., 2000; Cunningham & Link, 2014). Through their inter-organisational relationships, 
supporting organisations play the role of bridges, connecting firms that would otherwise 
not be connected. Since many other firms, institutions and clients have made contact with 
them in search of solutions to similar problems (Oliver, 2004; Stam, 2010), supporting 
organisations have access to a wide range of ideas, experience and knowledge that can 
result in broad and diffuse thinking (Belso-Martinez et al., 2015; Kwon et al., 2020). Hav-
ing a supporting organisation as a partner is like having indirect access to new sources of 
knowledge since they are “repositories of knowledge” (McEvily & Zaheer, 1999), each 
supporting organisation being a kind of intermediary between a myriad of knowledge 
sources and their partners.

Therefore, firms involved with supporting organisations have access to new knowl-
edge, requirements and trends provided by other agents also connected to the supporting 
organisations. This allows firms to identify these new trends more quickly and replace the 
expense of direct interactions with many other agents with the expense of having indirect 
ones through the supporting organisation (Burt, 2001). The experience supporting organ-
isations have with connecting and accessing different sources of knowledge reduces the 
times and costs involved in developing new products (Ahuja et al., 2012; Shakeri & Radfar, 
2017). Based on that, we propose the following:

Hypothesis 2 R&D collaboration with supporting organisations will be positively related 
to NPD efficiency.

The second dimension of NPD performance, namely NPD effectiveness, is more closely 
related to applying the acquired knowledge and the ability to incorporate this into new 
goods, systems or processes that the market demands (Wagner, 2010). Most supporting 
organisations are considered a valuable source of knowledge as they provide scientific 
research that, through an interactive relationship with them, firms can transform into new 
valuable products (Löfsten & Lindelöf, 2005; Rubin et  al., 2015; Westhead, 1997). Tra-
ditionally, these supporting organisations have been more closely linked to technological 
knowledge, providing basic research rather than applied research, but they have also been 
shown to be valuable when commercialising products, as they are increasingly focussed on 
industry requirements (Un et al., 2010).
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Supporting organisations offer a variety of skills and extensive experience as a result 
of their relationships with different sources of ideas, knowledge and experience, and this 
provides the potential for the generation of novel combinations in the overall design of the 
product (Deeds et al., 1999; George et al., 2002). They compile knowledge and experience 
from different partners, many of whom may be customers of the firms, creating a greater 
capacity for the integration and resolution of components and elements (Un et al., 2010). 
Rather than having access to existing knowledge, supporting organisations are a source of 
knowledge creation useful for advances in NPD, being able to identify new commercial 
demands or products of a superior quality to the existing ones (Chen et al., 2011; Luca & 
Atuahene-gima, 2007). Based on that, we propose that:

Hypothesis 3 R&D collaboration with supporting organisations will be positively related 
to NPD effectiveness.

As a consequence, firms creating stable R&D collaboration with supporting organisa-
tions as a way to increase their NPD performance also benefit from having relationships 
with suppliers.

This is because, on the one hand, supporting organisations work as a bridge, promoting 
the exchange of knowledge between the innovative agents linking to them, such as other 
firms or their clients. That is, they indirectly connect different sources of knowledge from 
firms that would otherwise not be connected (Ehls et al., 2020; Katila & Ahuja, 2002). This 
way, supporting organisations possess a rich stock of physical, human and social capital 
and this allows the knowledge provided by suppliers to be more fruitful (Lambooy, 2004; 
Stuart et al., 2007). Specific and practical knowledge about new products, components and 
materials provided by suppliers increases the chances of developing successful innovations 
through the bridging role of supporting organisations, which broaden the firm’s focus with 
new perspectives and ideas through their role as “repositories of knowledge”. On the other 
hand, there is a main drawback in accessing knowledge from supporting organisations 
and this is related to learning barriers, as firms tend to find it difficult to understand and 
incorporate knowledge coming from them (Sofka & Grimpe, 2010). Supporting organi-
sations, more than the other sources of knowledge, have their routines, habits and norms 
and encompassing these requires the development of different organisational practices 
that firms can find especially difficult (Keld Laursen & Salter, 2006). In the face of this, 
relationships with suppliers confer a kind of relational capability learning (Dyer & Singh, 
1998), or “memories of the network” (Ahuja et  al., 2012; Soda et  al., 2004), useful for 
increasing firms’ capacities to acquire and incorporate the knowledge provided by support-
ing organisations. That is, once firms have learned from their suppliers, they are better able 
to leverage this knowledge and create new knowledge from their R&D collaboration with 
supporting organisations. So, they gain a greater benefit from this if they have already had 
experience with suppliers. Thus, relationships with suppliers can favour NPD indirectly, 
increasing the benefits associated with R&D collaboration with supporting organisations. 
This is especially important for increasing NPD performance, since firms can use their 
knowledge and relational experience from relationships with suppliers to shorten the time 
to market, increase the quality of the products or meet cost targets through their R&D col-
laboration with supporting organisations.

By doing so, they have access to different and complementary knowledge from suppliers 
based on similar routines and procedures and relational experience that increases both their 
efficiency and effectiveness through R&D collaboration with supporting organisations, 
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which moreover provides broader knowledge. Specifically, firms involved with suppliers 
can increase their NPD efficiency by shortening the time to market, as they can more easily 
understand the suggestions and ideas generated by supporting organisations and gathered 
through relationships those supporting organisations themselves have with other firms and 
clients. They can also reduce costs by identifying how to make better use of what research 
institutes, universities or technical consultants can offer the firm, such as procedures and 
tools. In the same vein, firms with successful supplier involvement can better integrate 
new trends and market requirements anticipated by supporting organisations as a way to 
increase their NPD effectiveness (Praest Knudsen & Bøtker Mortensen, 2011; Suurmond 
et al., 2020). Based on that, we propose the following hypotheses:

Hypothesis 4a Supplier involvement has an indirect effect on NPD efficiency through 
R&D collaboration with supporting organisations.

Hypothesis 4b Supplier involvement has an indirect effect on NPD effectiveness through 
R&D collaboration with supporting organisations.

3  Methodology

3.1  Research setting

Data were collected through a survey of Spanish firms in the high-tech and medium–high-
tech manufacturing industries (Eurostat, 2020), which was carried out in 2015. Specifi-
cally, these firms were part of the following seven sectors: chemicals (NACE 20); phar-
maceuticals (NACE 21); computer, electronic and optical products (NACE 26); electrical 
equipment (NACE 27); machinery and equipment n.e.c. (NACE 28); motor vehicles, trail-
ers, and semi-trailers (NACE 29); and other transport equipment (NACE 30). These are 
the most R&D intensive manufacturing sectors according to the European Classification 
of Economic Activities and, therefore, the most suitable for an analysis of innovation per-
formance. The population contained 1326 companies with 50 or more full-time employees 
and at least 5 years of experience (Orbis database, Bureau van Dijk). The aim was to cap-
ture information on new product development, as well as knowledge derived from inter-
organisational R&D collaborations and applied to new products. The restrictions were 
therefore imposed because small companies and/or new ventures have different character-
istics in terms of external knowledge sources compared to larger and/or established firms 
(Voudouris et al., 2012; Zahra & Bogner, 2000).

Two different managers from each firm were asked to answer question on diverse issues. 
To avoid common method bias, one respondent provided data on the dependent variable 
while the other provided data on the independent variables (Podsakoff et  al., 2003).  In 
particular, the company’s CEO or, alternatively, the head of corporate marketing or sales 
director, answered questions on aspects regarding new product development (NPD), and 
the head of R&D was asked about supplier involvement and collaboration with supporting 
organisations (research institutes, universities and/or technical consultants). In addition to 
using two different sources to collect data, a Harman’s single factor test was conducted to 
check the possibility of common method variance for all the variables in the study. There is 
no general factor in the un-rotated factor solution and the first factor explained 32.008% of 
the total variance, so the results do not suggest response bias problems.
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The questionnaires were conducted by a polling company, using Computer Aided Tel-
ephone Interviewing (CATI), and a total of 202 firms provided data from both respondents, 
giving a response rate of 15.23%. To test for representativeness and non-response bias, dif-
ferences between the final sample and the total population, and between respondents and 
non-respondents, were examined, respectively. T-tests showed no significant differences 
based on the number of full-time employees, total assets, or sales.

Specifically, considering that the aim of the research model1 in this study is to examine 
antecedents of efficiency and effectiveness in new product development, only those firms 
which responded positively to the question “How many new or improved products has your 
company introduced in the last three years (2012–2014)?” were included in the analysis 
(N = 155). Managers of the innovative companies responding to the questionnaires had a 
total mean experience in their firm of 13.25 years (CEOs and heads of R&D), and in the 
sector of 17.24 years.

3.2  Measures and model validation

Since the research model includes “indirect effects” analyses,2 the independent variables 
related to a period beginning two years earlier than that for the dependent variable (NPD). 
Moreover, that period has a duration of five years, so it allows us to capture the ‘incubation 
time’ of supplier involvement (independent variable) before is has an effect on R&D col-
laboration with supporting organisations (mediating variable). That is, a certain ‘incuba-
tion’ period may be needed to see the effect of supplier involvement and its contribution to 
R&D collaboration with supporting organisations, since at times the effect is not immedi-
ate (Belderbos et al., 2015).

The dependent variable, in this case new product development performance (NPD), was 
measured through five questions (see Appendix) addressed to the CEO to capture the two 
dimensions of NPD. Two items related to NPD efficiency in terms of speed and cost and 
aspects such as adherence to targets set and using fewer resources. Examples include time-
to-market and manufacturing cost (based on Knudsen and Mortensen 2011; Suurmond 
et al., 2020; Thomas, 2013). Three items related to NPD effectiveness: commercial expec-
tations, market success and market share, which reflect the resulting product’s quality and 
market requirements (based on Chen et al., 2011; Luca & Atuahene-gima, 2007; Suurmond 
et al., 2020). A seven-point Likert scale (1 = strongly disagree and 7 = strongly agree) was 
used and respondents were asked about innovative products produced by their firms in the 
last three years. Both measures consisted of the average of the scores for the two efficiency 
items (α = 0.826) and three effectiveness items (α = 0.753).

Six items (see Appendix) were included in the questionnaire for the heads of R&D, 
designed to measure the independent and mediating variables, that is, the strength of inter-
organisational collaboration with two different groups of external agents. And, to ensure 

1 The questions used in this paper are just part of a broader research project funded by the Spanish Ministry 
of Economy and Competitiveness.
2 (Kline 2015:205) asserts that “an appropriate design for estimating mediation has time precedence where 
the cause is measured before the mediator, which in turn is measured before the outcome”. This way, cross-
sectional studies should apply the term “indirect effect” instead of “mediation”. Even though different peri-
ods with several years are considered in the measurement scale as an attempt to overcome that limitation, 
we embrace this specification. However, we sometimes use the term “mediation” in explaining our model 
according to (Hayes 2018) to make it more understandable.
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that they covered different times to those of the dependent variable, the questions related 
to the last five years. On a seven-point Likert scale, three items captured supplier involve-
ment and another three captured R&D collaboration with supporting organisations. Based 
on Krause et al. (2007) and Blonska et al. (2013), these asked about improvement ideas and 
involvement efforts with external agents. In particular, this study paid attention to improve-
ments in the design and quality of products and processes since this was a way to capture 
knowledge acquired from external agents (based on Kotabe et al., 2003), using two items 
for each kind of partnership. Through two other items, it also looked at the joint develop-
ment of solutions (Reed et al., 2006; Subramaniam & Youndt, 2005; Youndt et al., 2004), 
asking for information on teamwork between the company and its suppliers, and between 
the company and universities, research centres and/or consultants, this being captured 
when they carry out collaborative processes. In relation to the dependent variables, both 
measures consisted of the average score across the three items they included (α = 0.862 and 
α = 0.955, respectively).

Regarding the control variables, firm size, firm age, technological environmental dyna-
mism, and lack of innovation funding were used in the analysis. From information in 
the Orbis database, firm size was measured as the logarithm of the number of full-time 
employees and firm age was measured as the number of years since the founding date. 
The first of these captures differences in resources and the second differences in access-
ing external sources (Perols et  al., 2013). To control the speed of change and instability 
of technology in a firm’s external environment over the last three years, three items (see 
Appendix) were included in the questionnaire for CEOs and these measured technologi-
cal environmental dynamism on a seven-point Likert scale (Cruz-González et  al., 2015; 
Jaworski & Kohli, 1993). This consideration is relevant because technological turbulence 
could require the sourcing of external knowledge and differs between companies in dif-
ferent industries. This measure consisted of the average score for three items. Finally, on 
a seven-point Likert scale, each CEO was also asked about the extent to which a lack of 
finance hindered innovation activities. This was done through an item to capture barriers 
to innovation, both hampering barriers and deterring barriers, since their effects may vary 
across firms and sectors (D’Este et al., 2012; FECYT, 2016).

Table 1 shows the descriptive data and correlations, as well as the reliability and valid-
ity of the variables. In addition to using Cronbach’s Alpha to analyse the internal con-
sistency and reliability of each variable, we have also tested convergent and discriminant 
validity using Average Variance Extracted (AVE) and composite reliability (CR). To dem-
onstrate convergent validity, the AVE of each variable should be greater than 0.5 and all 
the variables in the research model met this condition. Since the square root of the AVE is 
higher than the off-diagonal elements in the correlations matrix, the discriminant validity 
conditions are also met (Claver-Cortés et al., 2011). With respect to composite reliability, 
according to Fornell and Larcker (1981), this measure should be higher than 0.7 and all 
variables meet this required reliability level.

3.3  Results

In order to carry out “indirect effects” analyses, the modularity assumption is adopted, so 
the causal process is composed of separate parts (Rungtusanatham et al., 2014). In addi-
tion, we assume that the directionality of our proposal is correct based on the initial litera-
ture review (Kline, 2015).
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The proposed simple mediation model was tested using the PROCESS macro (model 4) 
for SPSS described by Hayes (2018), which estimates the regression coefficients by OLS 
regression. In this model, R&D collaboration with supporting organisations is analysed as 
a mediator in the link between supplier involvement and new product development. So, 
R&D collaboration with supporting organisations acts as a mediating variable through 
which supplier involvement influences NPD efficiency and effectiveness. To examine this 
research model, four variables were controlled for: firm size and age, technological envi-
ronmental dynamism and lack of innovation financing.

In keeping with (Hayes, 2018), two paths of influence were tested, that is, the direct (c’) 
and indirect effect (ab) of the independent variable on the dependent variable, since the 
total effect is not required for the purposes of interpretation. In fact, this author argues that 
it is the test of the indirect effect that matters to establish mediation, not the test of the indi-
vidual paths in the model. The bias-corrected and accelerated bootstrap was used to test the 
confidence interval (CI) because it is a method widely recommended for inferential tests 
for indirect effects in mediation analysis (Kline, 2015; Rungtusanatham et al., 2014). The 
indirect effect was tested using a 95% bootstrap CI and 5000 bootstrap samples.

In the research model, path a represents the effect of supplier involvement (independent 
variable) on R&D collaboration with supporting organisations (mediator); path b repre-
sents the effect of the mediator variable on new product development (dependent variable), 
controlling for the independent variable; path c’ consists of analysing the direct effect of 
the independent variable on the dependent variable, controlling for the mediator variable; 
and finally, path ab represents the indirect effect of the independent variable on the depend-
ent variable through the mediator.

Figures 1 and 2 illustrate the models and give a detailed description of the analyses for 
each dimension, efficiency and effectiveness, respectively. The results of path a show that 
greater supplier involvement was significantly associated with increased R&D collabora-
tion with supporting organisations (B = 0.400; t = 3.38; p = 0.0009; CI = 0.166–0.633). So, 
the results support Hypothesis 1.

With respect to NPD efficiency, the results of path b indicate that higher levels of R&D 
collaboration with supporting organisations were significantly associated with increased 
NPD efficiency (B = 0.167; t = 2.07; p = 0.0402; CI = 0.008–0.326), in support of Hypoth-
esis 2. Next, the results of path c’ analysed the direct effect of supplier involvement on 
NPD efficiency and showed a positive but not statistically significant association between 

* p < 0.05, ** p < 0.001

SUPPLIER
INVOLVEMENT NPD efficiency

R&D 
COLLABORATION 

WITH 
SUPPORTING 

ORGANISATIONS  

c’ = 0.139
direct effect 

a = 0.400** b = 0.167*
ab = indirect effect

Fig. 1  Indirect effect model in explaining NPD efficiency
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these variables (B = 0.139; t = 1.16; p = 0.2499; CI = − 0.099–0.377). Finally, the results 
of the indirect effect (ab) of supplier involvement on NPD efficiency were tested, after 
controlling for R&D collaboration with supporting organisations as the mediator vari-
able. These results showed a positive and significant association between these variables 
since the mediator is found to be significant when zero is not contained in the 95% CI 
(CI = 0.003–0.153). Therefore, Hypothesis 4a is supported.

However, with respect to NPD effectiveness, the results of path b indicate that lower 
levels of R&D collaboration with supporting organisations were associated with increased 
NPD effectiveness, but this is not statistically significant (B = −0.016; t = −0.31; p = 0.755; 
CI = − 0.119–0.086). This finding led to the rejection of Hypothesis 3.

Next, the results of path c’ analysed the direct effect of supplier involvement on NPD 
effectiveness and showed a positive but not statistically significant association between 
these variables (B = 0.038; t = 0.50; p = 0.6205; CI = − 0.115–0.192). Finally, the results 
of the indirect effect (ab) of supplier involvement on NPD effectiveness were tested, after 
controlling for R&D collaboration with supporting organisations as the mediator vari-
able. These results showed a negative but not significant association between these vari-
ables since significance of the mediator is found when zero is not contained in the 95% CI 
(CI = − 0.058–0.031). Therefore, Hypothesis 4b is not supported.

3.4  Discussion

Overall, the results highlight the importance of the role played by supporting organisations 
for firms partnering with suppliers on NPD. The results show a positive effect of supplier 
involvement on R&D collaboration with supporting organisations, considering that the 
relational experience and specific knowledge from suppliers can be leveraged into relation-
ships with those supporting organisations, since firms can use this experience and knowl-
edge to better understand and incorporate knowledge provided by those supporting organi-
sations. In addition, R&D collaboration with supporting organisations had a direct positive 
effect on NPD efficiency but not NPD effectiveness. These results indicate that specific 
knowledge derived from R&D collaboration with supporting organisations has a positive 
effect on innovation performance by increasing its speed and reducing its costs, but not 
by improving commercial expectations and other aspects related to the market. In general 
terms, the results of this study are in line with those obtained by Stuart et al. (2007), who 

* p < 0.05, ** p < 0.001

SUPPLIER
INVOLVEMENT

NPD 
effec�veness

R&D 
COLLABORATION 

WITH 
SUPPORTING 

ORGANISATIONS  

c’ = 0.038
direct effect 

a = 0.400** b = -0.016
ab = indirect effect

Fig. 2  Indirect effect model in explaining NPD effectiveness
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confirmed that as firms become increasingly involved in how supporting organisations 
function, they increase their innovation activity. However, although abundant research has 
confirmed that relationships with universities increase the innovation of firms (Decarolis & 
Deeds, 1999; McEvily & Zaheer, 1999; Un et al., 2010), there are studies that find a nega-
tive effect (Cruz-González et al., 2015).

These results can be better understood considering that R&D collaboration with sup-
porting organisations can provide depending on the knowledge shared. Previous research 
has clearly distinguished between technical knowledge and business information relation-
ships (Balland et al., 2016; Giuliani, 2007). Morrison and Rabellotti (2009) relate the con-
figuration of each relationship to the degree of codification of the knowledge shared. While 
business information can be easily transmitted, knowledge-based relationships need close 
collaboration with institutions. In this sense, these different kinds of knowledge could be 
connected with different types of institutions: technical knowledge would be more related 
to universities, scientists and engineers, and business information with associations (Belso-
Martínez et al., 2018). Almeida and Kogut (1999) focused on how the relationship between 
universities, scientists, engineers, and firms affect the transmission of knowledge, while 
Swan and Newell (1995) found evidence of the positive effect of the role played by profes-
sional associations in the diffusion of knowledge. Considering the results of this research, it 
would be interesting to evaluate differences between institutions based on technical knowl-
edge, such as universities and research institutions, and other institutions such as associa-
tions, that would be more information-based. In fact, there is a strong debate about the role 
that universities play in fostering NPD (Bakouros et al., 2002; Löfsten & Lindelöf, 2005) 
as there are communication problems between them and firms.

On the basis of the above, “indirect effects” analyses were proposed, where the involve-
ment and understanding of knowledge provided by supporting organisations is given by 
relationships maintained with suppliers. It has been argued that firms may face difficulties 
in understanding and incorporating knowledge provided by supporting organisations (Díez-
Vial & Fernández-Olmos, 2015), so a background of involvement with suppliers could be 
of great help. In addition, the findings tend to confirm that supporting organisations act 
as bridges, providing innovative firms not only with their own knowledge and experience 
but also that collectively formed through their relationships with other innovative agents, 
thus facilitating the successful application of supplier knowledge through involvement in 
NPD. With respect to NPD efficiency, previous studies have obtained similar results, since 
supporting organisations have been shown to be useful in speeding up the innovation pro-
cess (Al-Laham et al., 2008; Belso-Martínez et al., 2015; McEvily & Zaheer, 1999; Powell 
et  al., 1996). Rothaermel and Deeds (2004), in their study of biotechnological alliances, 
confirmed the important role of supporting organisations in the embodiment of new knowl-
edge learned into a prototype product that can be extended into the testing and develop-
ment process through preclinical trials.

Among the potential explanations for the lack of a significant relationship between sup-
porting organisations and NPD effectiveness is the different perspectives that firms and 
supporting organisations have when dealing with market objectives. As Ferrara et  al. 
(2016) pointed out, supporting organisations tend to have objectives more related to new 
product launches, patent applications and R&D investments, rather than financial results, 
so the short term benefits of adaptation to the market are less relevant for supporting 
organisations. In fact, the influence of supporting organisations on firms’ innovative per-
formance has been questioned on the basis that they could be assumed to provide scientific 
knowledge that is less useful for commercialisation purposes (Rothaermel & Deeds, 2004) 
and, in the specific case of universities, scholarly endeavour has different objectives than 
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commercial pursuits since they are more focussed on ‘pure’ research (Mosey et al., 2006). 
Many of the problems with commercialisation relate to the pressures on firms in projects 
with a strongly applied focus, under different time frames (George et al., 2002). It has also 
been pointed out (McNamara & Baden-Fuller, 2007) that dealing with and adapting to 
market needs requires more capital-intensive partners who can exploit existing technolo-
gies, relying on large and complex investments for the commercialisation of the products.

4  Conclusions and implications

The effect of supplier involvement on new product development (NPD) has been analysed 
in a large number of academic studies, but with inconclusive results. This paper attempts 
to shed light on this effect, paying attention to the indirect effect of R&D collaboration 
with supporting organisations in the relationship between supplier involvement and NPD 
performance. According to the results of this study, supplier involvement has no significant 
effect on NPD when considered in isolation, which provides an interesting insight into the 
innovation performance of firms. This finding highlights the need to maintain more rela-
tionships with external agents owing to the division of labour in the innovation process 
(Tödtling et al., 2009). This supports the argument that there is a key role for supporting 
organisations and that knowledge provided by suppliers is not enough to achieve better 
NPD performance.

The results confirm that supplier involvement prepares firms to take advantage of their 
R&D collaboration with supporting organisations through exploiting the knowledge pro-
vided by suppliers. Additionally, supporting organisations provide wider knowledge 
derived from their distinctive nature and their relationships with other agents. Thus, the 
results confirm the importance of relying on different sources of knowledge to improve 
NPD performance, as each provides different perspectives, resources and experience, and 
these can mutually reinforce each other. In particular, this research brings out how supplier 
involvement transmits its effect on NPD through relationships maintained with supporting 
organisations. Rather than assuming that firms can combine different sources of external 
knowledge, in this research we propose a theoretical model and confirm that firms use sup-
plier involvement as a kind of knowledge input for establishing R&D collaboration with 
supporting organisations. Accordingly, the specialised knowledge provided by suppliers 
and the relational experience acquired in these relationships can be leveraged through both 
the bridging role that supporting organisations play and the scientific knowledge base they 
provide (Birou & Fawcett, 1994).

This paper has also provided interesting insights into the different aspects of NPD per-
formance. While efficiency is more closely related to cost savings and a faster innovation 
process, effectiveness is oriented toward market requirements. While these two dimensions 
are closely related, they deal with different aspects that must be considered separately in 
any more refined evaluation of NPD. This has been revealed in this research, which con-
firms that supporting organisations increase NPD efficiency but not NPD effectiveness. 
While supplier involvement improves R&D collaboration with supporting organisations, 
this effect is reflected in higher efficiency. In contrast, it seems that differences in the objec-
tives, timeframes and commercial aims of the firm and the supporting organisations are 
stronger than the benefits for effectiveness associated with supplier involvement.

Managers can extract interesting insights from this research. In particular, two main 
implications can be drawn for practitioners: first, managers should prioritise the kind of 
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relationships they establish with different external sources of knowledge. Rather than 
developing alliances with multiple agents, it seems better to adopt a model whereby 
firms learn from their relationships with suppliers and move on to R&D collaboration 
with supporting organisations as a way of achieving better innovation performance. Sec-
ondly, managers should consider what their main target is with their NPD strategy. The 
optimal partnership strategy will depend on whether they are searching for cost savings 
and a shorter time to market or instead are looking for greater adaptation to market 
needs.

Academics can also benefit from this research and its limitations can be seen as oppor-
tunities for future research. In our analysis, despite using different periods, in terms of the 
number of years, for each type of variable (independent and dependent variables), time 
lags are not fully considered since we use cross-sectional data. Based on the results of 
this research, it would be interesting to develop a future study examining possible lagged 
effects to capture sequential processes in detail as this would eliminate some problems 
relating to simultaneity.

In this study we highlight the importance of supporting organisations through their 
bridging role. Nevertheless, we do not differentiate between the different kinds of sup-
porting organisation, such as research institutes, universities, and/or technical consultants. 
Future research could consider these separately to refine the results, identifying the role 
each kind of supporting organisation plays in the NPD performance dimensions, with spe-
cial mention of universities for their important role in technological and business innova-
tion because they can serve as an innovation ecosystem orchestrator (Heaton et al., 2019). 
Creating a model with more indirect effects, that is a multiple mediator model, might over-
come some problems arising from applying a simple mediation analysis with only one 
mediator, an assumption that oversimplifies the issue studied (Hayes, 2018; Kline, 2015).

Moreover, the effect of supporting organisations is based on the argument that they play 
a bridging role connecting different sources of knowledge. Future studies could evaluate 
whether each kind of supporting organisation plays a different bridging role, as they could 
play a connector role with other supporting organisations, open the firm up to new partners 
through a gatekeeping role or play a more miscellaneous role, connecting a great diver-
sity of partners (Belso-Martínez et al., 2018). This consideration may be useful in order 
to properly understand the bridging role played by supporting organisations in knowledge 
transfer processes, taking into account that technology transfer includes multiple parties 
with multiple goals and multiple effectiveness criteria (Bozeman et al., 2015). In addition, 
it would be interesting to differentiate between research-based institutions, such as labo-
ratories and universities, and those trade associations more focused on commercialisation 
and regulation.

This study focuses on the extent of supplier involvement, but the timing of supplier 
involvement may be another interesting aspect, examining how early on in the process this 
occurs. We have also not considered the exact phases of the product development process 
in which a supplier is involved (Suurmond et  al., 2020). More work on this issue could 
further clarify the complex innovation process involved when firms interact with differ-
ent external agents, as in the case being analysed, focusing on several possible supplier 
involvement points.

Finally, contradictory findings in the literature could be due to different collaboration 
characteristics. Thus, paying specific attention to dynamic collaboration patterns aris-
ing from the persistence or interruption of such collaborations might provide important 
information and details on their potential different consequences in NPD (Belderbos 
et  al., 2015). Considerations of geographical proximity among organisations (Stojčić, 
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2021) could also add value to our model. All these issues might capture interesting 
nuances within the different inter-organisation collaborations proposed in this work.

Appendix

Measures, reliabilities, and factor loadings.
All measures are on 7-point Likert-type scales, ranging from strongly disagree to 

strongly agree.

Variable name and items Factor loading

New product development-efficiency (dependent variable). Respondent: CEO 
(α = 0.826)

New or significantly improved products introduced by the firm during the last 3 years 
(2012–2014, inclusive) have been developed in response to our…

 1. Speed expectations 0.915
 2. Cost expectations 0.916

New product development-effectiveness (dependent variable). Respondent: CEO 
(α = 0.753)

New or significantly improved products introduced by the firm during the last 3 years 
(2012–2014, inclusive) have…

 1. Been developed in response to our commercial expectations 0.727
 2. Been more successful in the market than those developed by our competitors 0.828
 3. Led us to increase our market share 0.882

Supplier involvement (independent variable). Respondent: Head of R&D (α = 0.862)
During the last five years (2010 to 2014, inclusive), to what extent do you agree with the 

following statements regarding your firm’s external relationships?
 1. We partner with our suppliers to develop solutions 0.884
 2. We improve product quality and design through our relationships with suppliers 0.907
 3. We improve process design through our relationships with suppliers 0.866

R&D collaboration with supporting organisations (mediating variable). Respondent: 
Head of R&D (α = 0.955)

During the last 5 years (2010 to 2014, inclusive), to what extent do you agree with the 
following statements regarding your firm’s external relationships?

 1. We partner with research institutes/universities/technical consultants to develop solu-
tions

0.957

 2. We improve product quality and design through our relationships with research insti-
tutes/universities/technical consultants

0.980

 3. We improve process design through our relationships with research institutes/universi-
ties/technical consultants

0.938

Technological environmental dynamism (control variable). Respondent: CEO 
(α = 0.711)

Please, indicate the degree to which the following statements describe your firm’s main 
competitive environment during the last 3 years (2012–2014, inclusive):

 1. The technology is changing rapidly 0.863
 2. It is very difficult to forecast where the technologies will be in the next five years 0.766
 3. Technological changes provide big opportunities 0.763
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